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THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON":IS PROHIBITED BY
LAW.

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U.S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.
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Agency Performing 'ork: Picatinny ikrsenal, uover, Now Jersey

Agency .1uthorizin- ,Lork: Ordnance iiesearch Ri Development Division, URDTA

Project No-. TAI-5OO6B, Item P

WJA Priority Jesignation: 2A

Project Title: Long Range Basic £tesearch Leading to the ievelopment of
Superior Propellants - Com~pounds of lfigni Nitrutden Cuntent
in Propellent Compositions.

OBJECT

To synthesize and evaluate new high nitrogen compounds of possible
terest for use as flash und smoke reducing agents in propellent powcers.

SUILLARY

Twelve high nitrogen compounds have been investigated in the laboratory
.._ possible ingredients for propellent compositions for purposes of improving

performance. Of these compounds, carbohydrazide oxalate, dinitrobiuret,
diaminobiuret, hydrazine oxalate and hydrazine n-*rate were found to Le
either unstable by themselves or not compatible with nitrocellulose.*nd
therefore of little value militarily.'

4 razine, N-guanyloxamic acid and cyamelide are inert, stable compounds
of low energy content and good physical properties. Although these
materials may yield satisfactori cool conpositions, their present method. of
preparation does not make them feasible for large scale production.

Although nitrobiuret undergoes decomposition at 100 C61, it appears
sufficiently stable and compatiole with nitrocellulose at 75•. This
compound is of particular interest as a non-saoky flash reductant because
it possesses a zero oxygen balance to carbon monoxide and w'ater, requires
energy to burn and can be miaue readily available.

Guanylaminotetrazole and 'guazylati,,utetrazole ,itratc, which contain
77% and 56% nitrogenrespectively, both possess negative energy contents
for combustion but because of their plosophoric nature can be made to burn
readily. Both compounds possess good physical properties and are compatible
with nitrocellulose. Calculations indicate that they should yield cool
compositions with ballistic potential.

Using extreme nit ation conditions, very small yields of nitroguanyl-
aminotetrazole (65%N) have been obtained from guanylaminotetrazole. This
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nitrauine 1j". never beiut jruviuusly aescriuu•i iii taw literature.
A partial evaluation uf this a•terial iruic.tteb tLat it way have excellent
putwntialitieb as ai ingreo.iet. fur lom temaper.iturv, id.i ",furce", pro-
pallonts. A theoretical diLcu•.•ion based on the internal iui•ic character
of 5-aw1Ltetrazules, is pruswateu tu explain the reluctance of guan'lauano-
tet-razule tu nitrate to the correspundins nitranine. 4 alternative indirect
wethod of uynthesis fur this cumpound is proput.ed.

C(ACLUSIUNS

Carwuhydrazide oxalate, dinitrobiuret, ditminuuiuret, hydrazix.e oxalate
and hydrazine nitrate are not suitable As ad-end:i to nitrocellulose PrG-
pellants because of poor stability characteristics. Urazine, N-guanyl-
~xuxicld :mti cyvdnelide have satisfactory j..roperties as inert, r.on--ia.ky
flsh reductwnts but, as they Lre difficult and costly to mwnuf:tcturc,, are
not now worthy or consideration beyonl the lauoratory stage.

Nitrobiuret may prove to be sufficiently stable and compatible in
nitrocellulose compositions to provide an econorical cool propellant
ingredient.

.3oth guanylaminotetrazole and its nitric acid salt are wortlhy o' further
consideration and investigation as cool, high potential propell:tnt ingredients.

RECO•.!EMDnT IONS

It is recoii-ended that experL.•ental compositions containiln, ;.itrooiuret,
guanyl minotetrazole and guanylaminotetrazole nitrate be prepared and
suuJected to laboraLory and ballistic tests to further determine trne suit-
ability of these compounds.

It is also recoianendea that an indirect syntheais for nitrojuanylla;ino-
tetraz.le be investigated in the laboratory, namely, usin&g bigiua-%ie a•s a
strtine material.

It is suggested that future research on new high nitro4,en compounus oe
continued with a major emnphasis on tetrazole derivatives as these materialz
appear to offer promise as coolants in high potential propelLints.

since high Aiirugen compounds of possible ube fue' urdnance m.teria.s
can be derived from hydrazine, it is recoamended that a program be initiated
to investigate econor.,ical methods for the production of this basic
ingredient.

2
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ITHUk~DUCT Io:

1. The successful incurporrtion of nltro,,u wiaulrie ia couq)ositions to
produce a "cool", flashless propellant has resulted in an increased study
of all types of hiti nitrogeni cumpounds as poýsib)e non-smoky flash reductdits.
Compounds of high rLi.trogen content Are desirable as propellent iWgredients
becausu they generally yield non-c•mbustiule muzzle gases of 4 greater volume
and lower temperature than those produced by the aure star ard propellent
ingredients. iResearch at Picatiauzy rsernal has been directed towards invebti-
gatin- derivativeb of ;uaidine, urea and hydrazine ind evaluating these
derivutives as to their suitability in improving prcpellent perfumance.

2. This report suumiarizes the cheuistry and properties of twelve high
nitrogen compounds not previously considered as propellent ingredients.
In addition, vsiný the system nitroceliulose-expiosive plasticizer-high
nitrogen compound-stabilizer, calculutions on hypothetical compositions con-
tainint the more suitable of the twelve compounds are presented and compared
with the standard nitroguanidine Propellant (M-15).

RESULTS:

3. Laboratory test data for the twelve compounds studied are recorded
in Tables I, II, Lm arid IV. These results are sunmarized as follows:

a. Urazine and N-guanyloxarnic acid are inert, non-hygroscopic and
thermiaLly stable compounds. Both are compatible with nitrocellulose at
10iOC. Urazine is moderately soluble in water whereas N-guanyloxamic acid is
practically insoluble.

b. Carbohydrazide oxalate is an inert, non-hygroscopic, Alightly
water soluble salt. It decomposes slowly at 1000 C but is fairly compatible
with nitrocellulose at that temperature.

c. Nitrobiuret is non-hygroscopic, slightly soluble in water and
organic solvents and slightly sensitive to impact. It gives an acid reaction
with water but a saturated aqueous solution, on standing, hyarolyzes slowly
to the basic side. It is unstable at 1000 C but stable and compatiole with
nitrocellulose at 750 C.

d. Dinitrobiuret and diaminobiuret are both thermally unstaole and
incompatible with nitrocellulose. The former compound is quite sensitive to
impact.

e. Cyamelide is a very inert, very insolubleS white polymeric material.
The sample prepared in the laboratory was found to be 5% hygroscopic at 90% RH.
thermally stable and quite compatible with nitrocellulose.

9
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dWULTS: (contd)

f. Hydrazonium oxalate ib inert, aiiutierttely soluble in water and
non-hygroscopic. Although fairly stable by at:•et ,t 1000 C, it is in-
compatible with nLitrucellulose at that tdnperLLtt.re; it 75 0 C, however, it
is morq compatible.

g. Hydrazunium nitrate is very :,uluule ir: witer and deliquescent
at 90% HH. Although it melts ;A. 71 0 C, it is extrenrely stabie at lO1(C;
however, it is incompatible with nitrocelluloe it 750 C iuju exhibits ex-
plosive properties.

h. JuanyLuuinotetrazole is a non-hyyroscopic, practically insoluble
compound containing 77% nitrogen. The wiateri:d. was found to be inert,
thermally stablt:and compatible with nitrocellulose.

i. Guanylamiriotetrazole Aitrate is n.oderately soluble in water,
sensitive to impact and explodes at 1800 C. This salt, which crystallizes
with h.ilf a molecule of water, loses its water very slowly at lG 0 °C. The
resultine anhydrous form is stable at that temperuture. The hemi-hydrate,
whicn is non-hygroscopicgis coipitible With niLrucellulose at 1UOC.

J. Nitroguanylaminotetrazole iL extrewiely insoluble in water and
the cotiCnu organic solvents, stable at 10O0 C and therzlly compatible with
niLrucellulose.

4. The infrared absorption spectra of cywa;elide and cyanuric acid,
recorded froui solid phase aiulls, Lre presenteu i, •'igure 1.

5. The thermuchemical properties rel-ted to ballistic perforwarace
have been calculated from the observed heats of cowbustion of the above
compounds and are listed in Table 71. Nitroguanidine is included as a
basiz, for comparison.

6. Calculations of internal ballistic •.operties have been made on
hypothetical compositions containing the most suitable of the high nitrogen
compounds and are recorded in Table VII.

DISCUSSION OF RELULTS:

7. dhen carbohydrazide is heated in the presence of acid catalysts,
a condensation reaction occurs accumpanied uy a cyclization to form urazine
(def A). This reaction is best represented as:

0 =r =H2NA-fl4 =P' /NH. HC = 0 2N2jH4 -HRd

S'H-NH2  H2 N-H L 2
carbohiyu• zicJ• IGurazine
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DICU•SLN OFk UL''rs: (contd)

Carbohydrazide, itself, is i~iluly b ,vic, histhy soluble in water and relatively
unstable. Urazine, howevqr, is only ,toderitelý, soluble in w;ater with a
alight acid reaction and is very stable to he-t. It i1 compatible with nitro-
cellulose &na possesses properties indicative of a good propellent ingredient.
Compositions with nitrocellulose can be for:nulated, contuining about 20%
urazine, which have lower f:lae temnperatures irid better oxygen balance than
U-15 Propellant. However,9 the best urazine composition with Tv<2 6 000 K will
give 8% less ballistic potential or ,force,' than tho nitroguanidine powder.

8. wJhen aqueous solutions of carbohydrdzide and oxalic acid are mixed,
a relatively insoluble, non-hygroscopic salt precipitates, consisting of
equimolar amounts of acid and base ktRef A). The thermochemical properties
of this salt indicated that it would be a good "coolint" and yet not too
"sfmoky". However, the stability of carbohydrazide oxal.te at elevated teia4pera-
tures is questionable. jince it does riot cos;tpare as favorably in overall
properties as some or the other compounds studied, its further consideration
as a propellent ingredient is not reconutended.

9. 'ahen aminoguanidine bicarbonate wid uxalic acid are allowed to react
in hot aqueous solution, evolution of carouii dioxide takes place and a fine,
dense, white precipitate of N-guanyloxamiic acid forms (Ref A).

H -,1 H2 H- NH - Q OH

I ~I U 1 0$ 2

NH2  NH2•H2

N-guanyloxamic acid is highly insoluble in water and organic solvents, quite
stable at elevated temperatures and coalpatiOle with nitrocellulose. Cal-
culations indicate that it can be incorporated in 15% by weight with nitro-
cellulose to give a cooler, better oxygen-baL~ncec propellant than M-15 but
with 10% less ballistic potential.

10. Biuret can be considered as a condensation product of urea,
derived as the result of the loss of a molecule of ammonia from two of urea.
It is obtained by heating urea for a lon-g period of time *t 1600 C (Ref B).
Since biuret has low solubility in witer and is fairly stable at higher
temperatures, it was believed that its nitrated and other high nitrogen
derivatives might be more stable and have better physical properties than
the analogous urea derivatives.

U. Nitrobiuret can oe obtained readily upon treatment of anhydrous
biuret with mixed acid (Ref C).

NI
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DISCUSSIO4O F RESULTS: (contd)

S- - HN 3  H2- -( N H C NHN N - H20

Nitrobiuret is non-hygroscopic, only moderately soluble in watert and *
saturated aqueous solution at 600 C hydrolyze• slowly fro•a a pH of 1.8 towards
the basic side. It is not utaole :t lOu0 C out doe.. not decompose appreciably
-At 750 C and at that temperature appears compatible with nitrocellulose.
Although its oxygen balance to carbon monoxide inu water is zero it still

requires more energy than nitroguanidine for complete combustion and, there-

fure, from a4 thermochemical viewpoint, should make an excellent "coolant"
ingredient for propellant cumpouitions.

12. Nitrobiuret can be nitrated further, uzier extreme conditions, to

form dinitrobiuret. Based on a method of Thiele and Ulafelder (ief C),
tiLs compound was prepared by dissolving nitrobiuret it, excess 100% nitric
acid and then concentrating in the dark from a vacuum dessicator containing
concentrated sulfuric acid and soda lime (separated from each other).

q 0

HýS - 3 -NH- - NH - o2  HN 3 -- 02 N -NH- C NH NH - NH- 2 H•0

Dinitrobiuret, which possesses an oxygen balance of / 21% to CO and H20,

decomposes slowly in water with an acid reaction. It is quite sens3tive to
impact and explodes at 165°C. Since it decomposes completely at 75 C, no

further consideration will be given to this material as a propellent ingredient.

13. It was decided to study the properties of diaminobiuret because
this material contained 53% nitrogen, possessed a large gas volume (S."G

mole /gm) and offered good "coolant., charactertistics. However, the compound
can not be prepared from biuret directly. The best method of preparation of

diaminobiuret (Ref D) involves a two-step synthesis starting with a con-
densation between urethane(I) and ethylchlorocaroonate (II) to give nitrogen
tricarboxylic acid ethyl ester (III). The ester (III) is then allowed to
redct with hydrazine to yield both diaminobiuret (IV) and ethyl hydrazine
carboxylate (V). This series of reactions can be represented as:

H2 N - COOC2 H 5 / 2 cl- COOC2 H5 / 2Na

NI (C 00C2 H 5 )3  2 Na cl $H 2I III

2N (C oo C•C2 H5)3 5 N 2 NH2 I H 2 -0 NH (C U N H N H2 )2
Iv

3NH2 NH C U U CeHc5 oC2 / 3 C2 H5 OH / NH3

V
12
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DISCLSSION RF aESULTS: (contd)

liaminobiuret is a white, non-hygroscopic material melting at 200°C with
decoaposition. It w•s found to be very soluble ina cold water, not too stable
at 100°C and incocpatible with nitrocellulose. AS a result of these poor
characteristics this material is not suitable as a propellant ingredient.

14. In an effort to find "cool burning" nitrogen com, ounda that are
not too poorly oxygen-balancedit was decided to investigAte the two solid
polymeric forws of cyanic ,cid, nwuely, cyanuric Acid and cyzaelide. Free
cyanic acid itself is a colorless1 unstable, volatile liquid which is strongly
acidic and raises painful blisters on the skin. At 00C it is stable for
short periods, gradually polymerizing to form nixtures of cyanuric acid And
cyamelide. ,berner and Fearon (aef E) suggested that cyanic acid exists in
two tautomeric forms, the enol form which is stable only at low teuperatures
and the more stable keto form. The enol form polyý.erizes to a white amorphous
material, cyamelide, whose structure has not yet been established with
certainty. At higher temperatures and also in the gas phase, the keto form
gives rise to a trimer, cyanuric acid, whose structure is known to contain
the tricyanogen ring. These transformations can oe represented as follows;

HO - C E N (enol) HN =,C = 0 (keto)
low j high
temp temp

(CONH)x (C o H) 3

cyam.elide cyanuric acid

At OCC, derner and Fearon found that free cyanic acid polymerizes into a
aiixture containing 60% cyw."elide ind 40% cyanuric acid indicating the
respective amounts of enol *jnd keto form present at that temperature. At
higher pol3merization temperatures, they found that the percentage of cyanuric
acid increased and that of cyamelide decreased.

15. Cyanuric acid behaves as a monobasic acid when titrated with
dilute alkali using pheniolphtr~alein as indicator. This fact along with the
many different derivatives that it forms (,Ief F), gives concrete evidence
that it contains the synuetrical triazine ring. Its structure may be
represented as:

"HC-OH or,

LH

OH

13

CONFIDENTIAL



DISCUSSION OF irESULTS: (conitd)

This material, which is slightly soluble ina water, crystallizes out as a
dihydrate which is effloresce61t in air. The anhydrous form recovers all
of its water (22%) at 90% RH and 300 C. For this reason alone, no further
consideration was given to cyanuric acid as a propellant ingredient.

16. As stated in paragraph 14, cyamelide can oe prepared along with
cyanuric acid by polymerizing cyanic acid at ofC. Cyanic acid in turn is
prepared by the depolymerization of cyanuric acid with heat or oy the
action of anhydrous acids on metal cyanates. Using a method described by
Mantasch (Ref G), small yields of cyamelide were obt'ained by grinding
together potassium cyanate and crystalline oxalic acid. A sample prepared
in this manner gave an elemental analysis (Table I) i[xicative of an em-
pirical formula (CUNH)x and yielded no titration with dilute sodium byuroxiae
(as distinguished from cyanuric acid). According to Sidgwick (Ref F)
"cyamelide forms no salts with the alkalis under any conditions and hence
it is very unlikely to contain hydroxyl groups or the amide grouping,
H 4 - d - O. It does, however, form a mercury derivative and hence ma' well
contaUi imide groups, >C = NH. If boiled with water it gives ammonia and
carbon dioxide together with some cyanuric acid, and prolonged treatment
with alkalis converts it into the alkali salt of cyanuric acid." On the
basis of these properties, Sidgwick su&ests that cyamelide is a linear
polymer of higi" mozecular weight with a structure _ -

17. The sample of cyamelide prepared at Picatinny was found to be
highly insoluble in water and the usual organic solvents. It is inert,
does not melt at 30 0°q and is 5% hygroscopic at 90% RH and 300C. The
material is stable at 1000 C and compatible with nitrocellulose. A saturated
aqueous solution at 60 0 C hydrolyzes very slowly towards the acid side.
Cyamelide requires a great deal of energy to burn but possesses an oxygen
balance to carbon monoxide and water of only -19%. As a result, it is of
interest to propellant formulation strictly as a non-smoky "coolant", since
it is.possible to formulate compositions that yield flame temperatures of
25000 K or less containing only 10% cyamelide.

18. It was decided to compare the infrared spectra of cyanuric acid
and cyamelide with the hope that some definite knowledge would be gained
concerning the structure of the latter compound. Since no suitable organic
solvent was known for either compound, the spectra were recorded from solid
phase mulls of the two substances (Figure 1). Despite the poor resolution
obtained, the spectrum of each compound definitely indicates a different
molecular configuration. However, no inference as to functional groupings
can be drawn at present, due to insufficient spectral data of related known
compounds.

14
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DISCUSSION OF RESULTS: (contd)

19. A 'eview of the literature (Ref H) indicated that most of the
mono-acid salts of hydrazine were fairly stable and did not hydrolyze in
aqueous solution. It was decided to investigate the properties of hydra-
zine oxalate (or hydrazonium hydrogen oxalate) because calculations showed
that it would behave as an effective ,coolint" while possessing a high
molar gas volume (0.0492 mole /gm) and an oxygen balance to CO and H 0 of
-13%. The salt is prepared easily by mixing concentrated solutions if hydra-
sine hydrate and oxalic acid. It crystallizes out of a hot aqueous solution
in fine, non-hygroscopic needles and when heated begins to decompose at
1810 C. It is moderately soluble in cold water, reacts acid in aqueous
solution but does not hydrolyze on standing. This salt, although stable by
itself at lO0C is not compatible with nitrocellulose at that temperature.
At 750 C, its compatibility with nitrocellulose is also questionable. AS
a result, hydrazine oxalate is riot recoijuended for use as an aduend to
nitrocellulose propellants.

20. It WAs reported (Ref H) that the mono nitric acid salt of hydrazine,
which melts at 71C, shows no sigz, of decoaposition even at 3000 C. Although
hydrazine nitrate was also listed as being very soluble in water and hygro-
scopic, it was decided to investigate this material because it possesses,
in its cunstitution, all the inherent characteristics of a monopropellant,
containing both a fuel and an oxidant in its molecule. Hydrazine nitrate
is also of interest as a solid propellant because it contains no carbon
and possesses 8% excess oxygen required for combustion to N2 and H 0. A
sample of the salt was prepared by carefully mixing equivalents ofiydrazine
hydrate and nitric acid in concentrated solutions. The product lost no
weight when heated at 1000C for 90 hours and evolved only 0.02 ml gas per
5-gm sample in 40 hours when subjected to the 1200C Vacuum Stability Test.
It was found to be very soluble in cold water, insoluble in anhydrous organic
solvents and deliquescent at 300 C and 90% RH. The material behaves as an
explosive being sensitive to impact (13" 2 kgm wt, PA MLachine) and is almost
as brisant as Tetryl. Ighen ignited in the open, it burns rapidly with no
visible gaseous products. It is not sensitive to friction. When a film
of hydrazine nitrate and nitrocellulose was prepared, containing 25% of the
salt, the nitrate appeared to become plasticized along with the nitro-
cellulose. Evidently, the salt dissolved completely in the solvent (ethyl
methyl ketone) due to the presence of a slight amount of moisture. How-
ever, this film lost about 20% of its weight 4t 750 C in 96 hours. It is
interesting to note that, although hydrazine nitrate melts at 710C, the
film did not appear to change its physical form appreciably when heated
above that temperature, thus indicating that the salt forms a true colloid
with nitrocellulose. Because of its poor compatibility, hydrazine nitrate
can not bg considered as an ingredient for nitrocellulose propellants.
However, if a suitable polycneric or resinous nmateriUl can be found, which
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when coabined 'witih ydraziae nitrate reduces its 'y.roscoplcity, the salt
may be of interest as a castable solid rocket fuel Ingredient.

21. The study of tetrUaole duriv-Atives has alw,.ys occupied a major
portion of the investigation of hilh nitrogen compounds at Picatinny Arseral.
These compounds appear to orfer the greatest Advaitage as non-smoky flash
reductants, especially where the highest 1.erceritge of nitrogen is desirable.
Tetrazole itself is a fairly acidicg relatively unstable compound and may
exist in the tautumeric forms I and II, the position of a hydrogen 4tom
occupying either the 1 or 2 position:

N N - NH
N-N

Hh

I II

Botn hyUrogea itoms in the tetrazole iaolecule are labile and literally
hundreds of mono and disubstituted derivatives have been prepared (Ref I).
The tetrazole ring can aiso be considered as a plosophore, the compound being
explosive when heated and also sensitive to iupact. Many of the suostituted
tetrazoles, however, are considerably less explosive and wore thermally stable
than the parent nucleus. une of the most stucied of such aerivatives is
5-aminotetrazoli, which is of particular interest to the propellent field as
a ",coolant" because the compound contains 83% nitrogen, possesses a large
gas volume, requires energy to burn and yet can be incorporated in propellent
cuapositions, in fairly large proportions, without appreciably slowing down
the burning rate (Aef J). Unfortunately, however, 5-dminotetrazole
crystallizes with one molecule of water w.hich is readily lost at slightly
elevated temperatures while the resulting anhydrous form is very hygroscopic.
Since this m:olecule of water represents 21% by weight of the entire compound,
5-aminotetrazole can not be readily.used as a propellent ingredient unless this
affinity for water can be reduced.

22. R. Stoll., in his investigation of tetrazole uerivatives, was able
to condense cyanaaide with 5-aminotetrazole to yielu 5-guanylaninotetrazole
(Ref K).

N - NH N - NHII I II
N N H - C = N N1C // H/

_ _ NH22
CNIN16
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As this compounJ possesses 77% itr,•getL-.-aid waw reported as being stable
up to 30uoC, it was dccidcu to investigate it -is a possible propellant
ingredient. Since free c,-atniade is not .vail.able couimerciallyp both aqueous
and alcoholic 6olutionj of Lhe material were jrbtj.rod in the laooratory
from crude coa,;,ercial calcium cyanwuide (See paragraph 39). Upo, addition
of 5-audrotetrazole to either of thu above uoltiuzu and heating the resulting
mixture on A steau. bath for four or wore hours, yielus of 50, or oetter of
guanyl.minotutrazole (based on 5-aniinotetrazole) were obtained. The pure
material, obtained after recrystallization from hot water, did not melt
when heateu to 300°C. It was non-hygroscopic anu only slightly soluble in
colQ water. Guanylaminotetrazole reacts slightly acid with wýter but a
saturated aqueous solution does not hydrolyze sinrificantly after standing
at oif°c for 24 hours. The compound possessed gooa staoility when suojected to
both the 10U0 C Heat and 1200 C Vacuum Stability Tests and was thermal±y compatible
with nitrocellulose. It could not be detonated at 40 inches using a 2-kgm
weight. Thermochemically, gnianylauinotetrazole is strictly a "coolant,"
since it lacks 57% oxygen and requires a large amount of energy for complete
combustion to Cu and H 0. However, it does possess a large potential gas
volume (0.063 mole /gmj and burns in the open air when ignited with a match.
Compositions cooler than H-15 can oe formulated containing 15% guanylamino-
tetruzole, possessing approximately 5% less ballistic potential. In view
of its high nitrogen content and excellent physical and stability properties,
this compound is certainly worthy of further consideration as a propellant
ing. edient.

23. Stolle also prepared the nitric acid salt of guanylaminotetrazole
by treating a dilute solution of hydrogen azide with dicyandiamide and
nitric acid (Ref K).

NH

.4 - !,NH-CaN' /HNNEN HN0 3

NIH
N N

NH
NH - e - NH, HNO3

This ame salt was prepared at Picatinny by recrystallizing guanylamrinotetrazole
out uf hot 3-'u' nitric acid. The salt crystallizes out in glistening plate-
lets which decompose sharply at 1830C with a orilliant orange flash.
Elemental analysis of a sample of this jiaterial, which had been dried to
conotant weight at 800C, indicated that it possessed one-half a molecule of
wAter of crystallization. This fact wus nut reported oy StolUE. It was
found that this half molecule of water can only be removed after heating
the salt at l000C for at least 24 hours- The resulting anhydrous form
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lout no weight ,heii heated for an apuitivil 7U huurs st thAt temiper.ture.
iihen heated for 40 hours at 90•0 C under v.cuum, a orn-grwm swaple ot the
hesi-hydrate evolved 0.35 ml gas. Sirice the uahydrous form has a tendeficy
to regain its hilf molecule of water, it wis decided to test the nitric
,cid salt as the hemi-hydrate. The comeound cai be detonated at lU inches
with a 2 k,;m iveight Aid explodes at 180 C ini the Explosion Telaperiture
Test. It is approxiuiately 4% soluble in witur at 4 0C and is non-hlygro-
scopic. Although a saturated aqueous solution has a pH of 1.79 it room
te.mperiture there is no appreciable hydrolysis on further sLandini:. The
hemi-hydrated salt can also be considered therj;,ily compatible with nitro-
cellulose. Guanyl.iminotetrazole nitrate pos.iesses 56% nitrogeii, lacks 16%
oxy•en for combustion to CO and H Ooardiwheisn ignited with a matchtburns
readily# leaving a small yellowish re~sidue. it re( uires more energy for
combustion than nitroguanidine anditherefor4should be a more effective
coolant. In view of its many desirable char,'cteristics, this compound is
also worthy of further consideration as a possible addend for i"pruvirig
performance of propellant compositions.

24. Except for Sto11e's ori-iLn4l work iii 19--9, rio other reference
w-s found ii the open literature concerrnin• gu.rnylaLziotetr.,zule or its
deriva.tives. It was, therefore, assumed thjat the deinydrated product of
the nitric ,cid salt, namely, nitroguanylimi•iotetrazole had either never
been previously prepared orf if so, never reportea. The caulated taerzo-
cheaical properties of this compound indicAted th it, buzed cn its struct.,re
alone, it would offer all the advantages of a superior pr pellJ.1nt iz.greaien,t
since it incorporates the best features of ooth nitroguanidne a'ru tetrazole.
Because it contains two plosophoric gruups and Ulso possesses a sli~ht
positive energy required for curmbustion, it shoul,. oe easily ignitiole and
also 6urn readily. Since it contains d high percentage of nitruget. (65%)
and is not too poorly oxygen-balanced (-18.b%), it should inpart low flash
dnd smoke characteristics to propellant compositions. Based on the observed
physical and chemical properties of guanylamwinotetrazole and its nitric
acid salt, it was believed that the correspondingr nitramine would also
possess desirable characteristics.

25. The most logical synthesis of nitroguanylaLinotetrazole would
naturally be from the dehydration of the nitric acid salt of guanylamino-
tetrazole. However, all ordinary dehydration mediums used faileu to yield
the desired nitramine (See Table V). Concentrated sulfuric acid evidently
decomposes the entire molecule9 as no product was obtained -after quenching
on ice; the use of acetic :inhydride is a dehydr:ition medium resulted in a
recovery of the original nitric -icid salt. .hen guanylaminotetrazole
was used as the starting materialynone of the ordinary nitration mediums
gave the desireu nitro coimpoundi. Finally, when the parent amine was added
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to a &ixture of Anhydrous phosphorous peentoxidu dissolved in 100% nitric
acia1, quenching on ice resulted in fornmation of esuentially guanylamino-
tetrazule znitrate plus a very small quan.tity (ca 3%) of nitroguanylamino-
tetrazole. jnly such extreue nitration conditions yielded the desired
product and always in the same small percentt4ge yield. The nitramino
derivative was separated from the nitric acid salt by wdshing the latter
out with hot water, the former being very higlhly insoluble. Because of
thte extreme difficulty involved in its preparation by this method, only
enougn sample was prepared sufficient for the determination of a few
important properties.

26. As mentioned above, nitroguanylaminotetrazole turned out to be
surprisingly insoluble in water (0.02% at 250 and 0.04% at 600 C). Since
it was even more insoluble in the coucion organic solvents, the sample
was recrystallized from a large volume of hot water. Although elemental
analysis (Table I) indicated that the material was essentially the desired
compound, it is believed that the sample was not entirely free of impurities.
,'hen heated at 1000 C for 96 hours, the sample lost 0.70% of its weight
and at 30 0C and 90% RH, it was 3% hygroscopic. A purer material would probably
be more favorable in these two respects. The compound was also found to be
iuite compatible with nitrocellulose at l000C. When heated on a hot stage
melting point apparatus, the compound started to decompose at 2470C. When
ignited in the open with a match, nitroguanylaminotetrazole burned (or
decomposed) rapidly with little smoke and no residue. The physical and
stability characteristics of this material therefore indicate that it is
highly desirable as an addend to nitrocellulose propellants. Its chief
auvantage is that it can be substituted for nitroguanidine in the M-15
formula, along with triethylene glycol dinitrate (TEGN) instead of the
Liore sensitive and less stable nitroglycerin, to yield a composition with
essentially the same calculated internal ballistics as U-15 propellant
(See Table VII).

27. It is worthwhile, at this point, to consider some of the theoretical
concepts concerning the structure and chemistry of the 5-aminotetrazoles
which may throw some light on the difficulty involved in the nitration of
L'uanylaminotetrazole. dhile doing this work it was recalled that, two
years previously, similar results were obtained when it was attempted to
prepare nitroaminotetrazole from either 5-aminotetrazole or its nitric acid
salt. When the salt was treated with concentrated H2 SO4 , decomposition
resulted. WIhen the same compound was treated with acetic anhydride, -the
original salt was recovered. Similarly, when 5-aminotetrazole, itself, was
treated with mixed acid, decomposition occurred and when treated with
concentrated nitric and acetic anhydride, the nitric acid salt was recovered.
Herbst, Roberts and Harvill (Ref L) suggest that in 5-aminotetrazole, the
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b-1s3c properties of the amiio group 4re nL.sketl by the eAistence of the
following t4utoweric forms:

HN -- N NKWN N N HN

N 1H ff4 NI

I I II I
NH2  SH2  NH NH

I IX III IV

In addition to the above structures it is also conceivable to postulate
two ad.itional form of a zwitter-ion nature, i.e.

1H ~ NH31
33

V Vi

,Ihere:w structures I - IV explain the acidity and metal salt formation of
5-.winotetrazole, structures V and VI more readily explain the high melting
crystalline state of the compound as well as the formation of salts with
•ijeriJL acids such as hydrochloric wid nitric.. vzaogously, similar
sr'ct~ures can be drawn for gunylyainutetrazole.

NN N IN-NH

V\,V VV
Nil- C- NH2  NH - NH2  N NH - N _NH-

V1 Vil2VII VI1I IX X
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-- N N-

.N N NH

JH1

It can be seen that four zwitter-ion structures are possiule for guanylaaino-
tetrazole and it is believed that this internai ionic character plays an
even more important role in accounting for the properties of this compound
than it does for the analogous aminotetrazole. This is indicated by the
fact tht4t guanylarinotetrazole does not melt At 300°C, is only slightly
acidic in aqueous solution and forms a salt readily with nitric acid. In
addition, the resulting nitric acid salt can be hydrolyzed back to yield
the parent compound only after loný ooiling in aqueous solution, indicating
thLit the ý,mwonium nitrate type of linkige formed is also quite strongly
ionic in character. In view of these considerations, it can ue postulated
that in a strong nitric acid medium, the tendency for ;uanylaminotetrazole
to undergo salt formation and retain this structure will be much greater
than the tendency to dehydrate to the covalent nitramine, the formation of
which undoubtedly requires a great deal more energy. It is true that
under such extreme nitration conditions as witn 100% nitric acid and phos-
phorous pentoxide, some nitroguanylaminotetrazole w'•ill form but only in
yields so insignificant as to be considered as an impurity. That these
small amounts of nitro compound can be isolated at all is attributed to
the high insolubility and stability of the substance once it is formed.

28. Lieber, et al, (Ref M) have since been able to prepare nitroamino-
tetrazole but by an indirect method, i.e., the reaction of nitrous acid with
nitroaminoguanidine. This involves a diazotization of the hydrazine amino
group followed by a cyclization to form the tetrazole ring. The reaction
can be represented as:

KNOIII1102 N -NH -- NH- NH2  H04 [02N -NH - C- N-

C/)NH - NO2
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Since it is not feasible to prepare nitrouuanylaimzitvtetrazole by a direct
nitration of guanylaminotetrazole, it would be desir'able to invistLiate some
such inuirect method of synthebis in which tha nitramine group is already
present in one of the starting materials. The mo&t logical method that
naturally suggests itself involves the Ulazotization of nitroaminobiguanide.
Since nitroaminoguAnidiae is prepared by the reaction between hydrazine and
nitroi,,uanidine, the followingt synthesis for nitro, uuldminotetrazole is
proposed:

NP NH NH

H2N - C - NH - C-r NH2  3 , 2N - C - NH NH - NO2
biguanide nitrate nitrooiguanide

H2 - NH2

NH ¶H1 NilH

LV C - ifH2 N I
N - NH- -NH- C NH - Co2 HN- NH - C-NH- C NH-N / 2 NH

1 nitroaminobiguanide

NH -C-NH - NO2
nitroguanylaminot etrazo-e

Neither nitroaminobiguanide nor nitrobiguanide have previously been descrioed
in the literature and it is planned to study this series of reactions in the
Picatinny research laboratories.

29. Utilizing those compounds which have been evaluated as possessing
adequate physical properties for inclusion in nitrocellulose propellants,
compositions have been formulated to illustrate their ballistic possibilities
ana these are presented in Table VII. These compositions are compared with

1-15 Propellant using the Herschfelder calculations (Ref N) for "relative
force", gas volume, flame temperature, heat of explosion and o.ygen balance.
Each composition represents that formulation containing a particular high
nitrogen compound which was calculated to give the highest ,"force" at a flame
temperature equal to that of M-15 Propellant. Urazine, N-guanyloxamic acid,
nitrobiuret and cyamelide yield cool compositions with approximately 10% less
"force,, than U-15 powder but with better oxygen balances. Guanylaminotetrazole
and its nitric acid salt can be incorporated in cool powders with 5% less
"1,force" and nitroguanylaminotetrazole with equal or slightly higher "force"
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than M-15 and all with zout the uae oA'yen uAlaice. on un overall basis,
nitrobiuret And the three tetrazule derivatives are superior propellant1
ingredients to the other three compounds; because of their tploaophUric]
nature they should yield cool powders with more aAtisfactvry 4qicknass" rates.

30. In formulating the hypothetical compositions in Table VII, tri-
ethylene glycol dinitrate (TEGN) was used as the plasticizer instead of
nitroglycerin. It was found that where higih nitrogen compounds are included
in cool compositions with nitrocellulose, the use of NG, instead of TE,
does not offer any particular advantage as far as calculated ,force" is
concerned since with the former material, higher temperatures are obtained
at the expense of gas volume; the use of TEM2, however, results in higher
gas volumes at the desirable lower temperatures. In adJition, TEGN is more
stable, less volatile, much less sensitive and possesses colloiding action

equal to NG (Ref 0). In view of these considerations and also because NG is
particularly undesirable because of the explosive hazards involved in its
industrial manufacture, it is felt that TEGN is a superior plasticizer for
cool nitrocellulose propellancs and especially for those containing high
nitrogen compounds.

31. In evaluating materials as possible future propellant ingredients,
a consideration of the availability of the substance is necessarily Lportant.
Urazine and N-guanyloxamic acid depend upon hydrazine as a starting material.
Although these compounds, by virtue of their excellent stability and physical
properties, offer possibilities of being good cool propellant ingredients,
they cannot be considered beyond the laboratory stage at this time since
hydrazine is not now coz:nwrcially available in large quantities. A program
to study the basic chemistry of hydrazine synthesis was forwarded to the
Office, Chief of ordnance (ORDTB), Ref P. As yet, no action has been taken
on this program. Cyamelide, although possessing excellent coolant properties
along with a good oxygen balance, depends upon free cyanic acid for its
preparation. Its manufacture from available rateriLls, in good yields,
is also not considered feasible at the present tLe. Nitrobiuret, however,
depends on urea and can be made readily available if so desired. If this
material will yield physically and thermally stable finished propellants,
it should offer a good economical source of cool powders. No accurate
prediction as to the availability of guanylaminotetrazole can be made at
this time. However, it is possible that this material can be produced-by
the condensation of hydrogen azide (derived from sodium azide) with two
moles of cyanamide.

HN3 2 H2 NC N---.*j

- NH 2
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32. Sauiples of urazine, carbuihydraziae oxalate and N-guiinyloxamic acid
were received from the University of Illnuia aWnd evaluated as such. For
det Aild descriptions of the preparation of these compounds 560 Ref A.

33. Preparation of Nitrobiuret

100 gios of anhydrous biuret were slowly added to an ice cold mixture
of 66 al nitric acid (70%) and 250 i-l concentrated sulfuric acid with constant
stirring. The addition of the solid was so controlled as to keep the reaction
mixture at O°C. After all the biuret was added, the mixture was stirred for
an 4dditiunal two hours, keeping the temperature At 0O, until all solid sub-
stance dissolved. The entire mixture was then poured on cracked ice and the
white powdery nitrobiuret which formed was filtered and washed with wdter
and alcohol. Upon recrystallization frosa warm water, a 75% yield of pure
nitrobiuret is obtained, UP 1700C with decomposition.

34. Preparation of Dinitrobiuret

27.6 gms of nitrobiuret were uissolved in 50 ýms of 10i4 nitric
acid cooled to 50 C. The solution was then plcei in a vacuum dericcator
over soda lime and concentrated sulfuric acid (separated from each other)
and concentrated in the dark until a white crystallinie materiAl formed.
Tile dinitrubluret, still wet with residual nitric acid, was then zpread out
on . porous clay plate and dried in air for 2 hours. The waterial was then
dissolved in a minimum amount of wanm absolute methanol and precipitatea out
oy chilling. The white needle-like crystalline dinitrubiuret was filtered,
washed with ether and air dried. UP 1240C (Verpuffen).

35. preparation of Diaminobiuret

For a detailed preparation of this compound see def D.

36. Preparation of Cyaelide

100 gms of oxalic acid dihydrate and 100 gms of potassiwum cyanate
(C.P.) were ground together in a large mortar for one hour. The solid
mixture first- becomes wet and pulpy and then solidifies again into a dry
powdery mass. The mixture was then allowed to digest at ordinary temperatures
in the hood until the odor of cyanic acid was no longer intense. The residue
was then taken up with 200 ail of hot water and stirred in a beaker for one
hour. Separation of the cyanelide from the wash water was best accomplished
by centrifugation. The water-washing proceaure was repeated three times.
The material was then washed twice with acetone, filtered, air-dried and then
placed in an oven at 800 C overnight, yield, 12 graws.
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37. Preparation of Ifydrazonium pxalate

58.8 gns of 85% hydrazine hydrate were added alowly with stirring
thro'iLh a dropping funnel to a hot solution of 126 gis of oxalic acid di-
hydrite in 150 al of water. A white precipitate began to form after about
one-fourth the addition )f the hydrazine. After all the hydrazine was
added, the mix~ure was stirred for one hour at 900 C anu then allowed to cool
to room temperature. The precipitate was filtered through a Bdchner funnel,
washed with cold water, alcohol and etherj and dried in air. The crude yield
of hydrazonium oxalate, weighing 112 9L=, was purified by recryutallization
from hot water. Up 1810 C, dec.

38. Preparation of Hydrazonium Nitrate

One (1) mole of hydrazine hydrate (59 gam or 85% solution) was
nixed with 30 ml water in a beaker equipped with a .mechu-nical stirrer and
cooled in an ice bath. 65 ml of 70% nitric acid, diluted to 100 ml with
distilled waterg were added slowly from 4 dropping funnel keeping the tempera-
ture between 10 - 15°C. ;Ihen the addition of the acid ias complete, the
solution was stirred for an additional hour allowing it to warm up to room
temperature. The solution was then concentrated on the stewn bath to a
volume of 45 ml. Upon the addition of 75 ml of 95% ethanol to the cooled
concentrate, a white precipitate of hydrazonium nitrate formed. This was
filtered, washed with alcohol and ethers and dried in an oven at 500C to
constant weight. TielJ 50 grams, MP 70 - 710 C.

39. Preparation of Cyanamid Solutions -(from "Inorganic Synthesis", Vol III)

aueous Solution - 300 gins of crude calcium cyanamide (approx 60%)
was made into a slurry with 300 ml of water. The slurry was then placed in
a 7" Buchner funnel connected to a long afficiprt reflux condenser which vias
in turn connected to a 4-1 filter flask izmerbad in an ice bath. 1800 ml of
water, warmed to 700C, was then poured onto the slurry in the Bichner funnel
at such a rate as to leave a thin layer of water above the slurry at all
times. This was accomplished by applying a very slight suction through the
filter flask by means of a vacuum line. The resulting solution (in the
filter flask) of calcium hydrogen cyanamide was then treated with 20% sulfuric
acid until the pH reachcd a value of 5. This required approximately one
liter of sulfuric acid solution. The calcium sulfate (172 gins) thus pre-
cipitated was removed by filtration. The resulting cyanamide solution was
concentrated down to 300 ml by means of a water aspirator (10 - 12 mm
mercury pressure) using a 10" fractionating column (to prevent mechanical
loss of the cyanamide which has a tendency to distill over with the water).
Based on the amount of calcium sulfate precipitated, it is estimated that
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approxia-Ately 1 mule (42 grams) of cyAnaiLiJe ii aqueous solution can be
produced in this eanner.

Acoholic Solution - 3Oh g'ms of crudu calcium cyaruu~lde were placed
in a 3-liter beak5er with'u i4l ot 9, alcohol. The oeaker was surrounded
by An ice bath wid the mixture was wadt• ito ,t slurry using a very efficient
heavy-duty mechaiical or air-drivea stirrer. & solution consisting uf 45U ml
of 50% sulfuric acid d12ui-seA dith 1WA al uf water was added slowly through
a droppins funnel with continued vigorous stirring. As more and more calcium
sulfate was formed, the mixture becaue thicker and Lore difficult to stir.
iihen 50U ml of the sulfuric acid solution had been udded, the PH of the mixture
was checked an.i additional acid was added carefully until the PH was 5.. The
mixture was then filtered through a large Bu~chner funnel and the filter cake
ex& acted with three 2O-.ml portions of hut 95% ethanol. The filtrate was
then concentrated on the steua bath to one-h4lf its original volume ad a
saall amount of additional c4lcium sulfate, which had precipitated, was
filtered off. The yilds ,f cyanamide obtained in this anwner were approximately
the same as from the water-extraction method.

40. Preparation of Luanylainotetrazolc

The cyanamile solution (prepared from either method in Section 39)
was neutralized to a pH of 7 with dilute ammonium hydroxide. One mole of 5-
aoinotetrazole was added and the mixture was immersed in a steam bath and
heated with stirring for a period of five hours. The 5-aminotetrazole went
into solution after 30 minutes and upon continued heating and concentration
of the mixture, guanylaminotetrazole began to precipitate. After the five-
hour heating period, the crude product. was filtered from the hot mixture.
The yield of product was improved by dilution of the mother liquor (which
precipated some 5-aminotetrazole on cooling) with water and further con-
centration on the steam bath. The best yield of crude material, obtained in
this manner, was 70 grams or 55% of theory. Ten (10) grams of crude guanyl-
aminotetrazole were recrystallized from 800 ml of hot water (85 0 C). The
pure uaterial did not melt at 300G,.

41. Preparation of Guanylaminotetrazolo Nitrate

Ten grams of pure guanylaminotetrazole were dissolved, with stirring,
in 150 ml of hot 3M nitric acid solution. The hot solution was filtered andq
upon cooling, shiny white platelets of the nitric acid salt crystallized out.
These were filtered, washed with cold water, alcohol and etherjand then dried
in an oven at 800 C. The compound decomposes sharply with an orange flash
at 1830 C.
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43. Preparation of Nitroduhl laminotetrazole

Ten grams of guanylaminotetrazole were slowly added tu 80 ml 100%
nitric acid with cunstant stirringskeeping thu temperature at -10 C. When all
solid material had dissolved, 6 grams of anhydrouu PO2 were added slowly at
the same temperature. Stirring was continued for an 2it iotul hour and then
the entire mixture was slowly poured onto 300 grams of cracked ice with con-
tinued rapid stirring by hand. A fine white precipitate formed iwediately.
This was filtered on a Bachner funnel and the resulting solid which consisted
essentially of guanylaminotetrazole nitrate was washed with several 100-ml
portions of hot water until only a very small amount of brown insoluble material
(0.3 gram) remained on the filter. This small amount of crude nitroguanyl-
aminotetrazole was dissolved in 300 ml of very hot water and recrystallized
oy chilling to UOC. The uried product began to decompose at 2470 C on a hot
stage meltine apparatus.

All laboratory tests were made in accordance with procedures standard
at Picatinny Arsenal.
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