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U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
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Agency Performing Jjork: Plcatinny .rsensl, Jover, New Jursey

agency .uthorizing ,Jork: Ordnance gesearch % Develppment pivision, ORDTA
Project No.: TaAL-5006B, Item P

DOA Priority designation: 247

Project Tiile: Loag Range Basic uesearcg Leading to the pevelopaent of

Superior Propellants - Compounds of High MNitrogen Cuntent
in Propellent Compositions. ..

OBJECT

To synthesize und evaluate new high nitrogen compounds of possible
terest for use as flash und smoke reducing uagents in propellent powders,

SUMLARY

Twelve high nitrogen compounds have been investigated in the laboratory
as_possible ingredients for propellent compositiocrs for purposes of improving
performance. (f these compounds, carbohydruzide oxalate, dinitrobiuret,
diaminoviuret, hydrazine oxalate and hydrazine n_.irate were found to ve
either u.nst.able by themselves or not compatible with nlt.roce];lt:iwd _
therefore of little value militarily.

C'Urazine, N~guanyloxamic acid and cyamelide are inert, stable compounds
of low energy content and good physical properties. Although these
materials may yield satisfactory cool compositions, their present method of
preparation does not mauke them feasible for large scale production.

Although nitrobiuret undergoes decomposition at 100.5: it appears
sufficiently staole and compatiovle with nitrocellulose at 75%C. This
compound is of particular interest as a non-smoky flash reductant because
it possesses a zero oxygen balance to carbon monoxide and water, requires
energy to ourn,and can be made readily available.

Guanylaminotetrazole and guanylamiiotetrazole nitrate, which contain
77% and 56% nitrogenyrespectively, both possess negative energy contents
for comoustion but because of their plesophoric nature can be made to burn
readily. Both compounds possess gouod physical properties and are compatible
with nitrocellulose.p Calculations indicate that they should yleld cool
.compositions with ballistic potential.

M
N rnrtng, i,

Using extreme nitfation conditions, very small yields of nitroguanyl-
axinotetrazole (65%N) have been obtained from guunylaminotetrazole. This

0
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nitrauine has never bewn previously aescrived in tne literature.

A partial evaluation of this cuteriul indicates that it way have excellent
potantialities us an ingredieut fur low tewperature, idgh wforce" pro-
pellunts. A theoretical discussion based on the internal ivnic churucter

of S-auliwtetrazoles, is presented tu explain the reluctance of guanylamino-
tetrazule to nitrate tu the corresponding nitramine, 4 alternative indirect
wethud of symthesis for this compound is propused.

CUNCLUSIONS

Caroviydrazide oxulate, Jdinitrobiuret, diaminoviuret, hydrazire oxalate
and hydrazine nitrate ure not suituble us addends to nitrocellulose prec-
pellunts becuuse of poor stability churucteristics. Urazine, N-guanyl-
cwxarie acid and cyamelide have satisfactory jroperties as inert, ron-Lucky
flasi reductunts but, as they ure difficult and costly to munufasturc,. are
not noWw wortlhy of cunsideration beyond the laivoratory stage.

Nitrobiuret may prove to be sufficiently stable and coumpativle in

nitrocellulose compositions to provide an econonical cool propellant
ingredient.

Both guanylaminotetrazole and its nitric acid salt are wortly of further
consideration and investiguation as cool, high potential propellunt ingredients.

RECOLRENDAT IONS

It is recowumended that experimental compositions containin; nitrooiurer,
guanyl ninotetrazole and guanyluaminotetrazole nitrate be prepared and
suvjected to laboratory and ballistic tests to further deterwine trne suit-
ability of these compounds.

It is also recomnmended that an indirect sjyntheszis for nitrojuanylacinc-—
tetraz.le be investigated in the laporatory, namely, using bisuanice as a
starting waterial.

It is suggested that future research on new nigh nitro_en coupounds oe
continued with 4 major emphasis on tetrazole derivatives as these muteriuls
appear to olfer promise as coolants in high potential propellants.

Since hign uitrougen compounds of possivle use four yrdnanice muterials
can be derived from hydrazine, it is recommended that a program be initiaved

to investigate ecunomical methods for the production of this Gasic
ingredient,
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INTRUDUCT IUN:

l. The successful iucorporution of nitru,cu:niaine in cowpositions tu
produce a "cool", flushless propellunt hus resulted in an increused study
of all types of nigu nitrogen caupounds us jousible non-smoky flash reductants.
Cowpounds of high nitrogen content are desiruble us propellent ingredients
because they generally yield non-combustiovle wmuzzle gases of 4 greater volume
and lower temperature than those produced by the aure stardard propellent
ingredients. Research at Picatimny ,rsenal has been directed tuwards investi-
gating derivatives of guanidine, ureu and hydrazine and evaluating these
derivatives as to their sultability in improving propellent perfomance.

2. This report swmarizes the cheuistry and properties of twelve high
nitrogen compounds not previously considerea as propellent ingredients.
In addition, vsing the system nitrocellulose-explosive plasticizer-high
nitrogen compound-stabilizer calculutions on hypothetical compositions con-
taining the more suitable of the twelve compounds are presented and compared
with tiie standard nitroguanidine Propellunt (M-15).

RESULTS:

3. Laboratory test data for the twelve compounds studied are recorded
in Tables I, II, IITI and IV. These results are summarized as follows:

a. Urazine and N-guanyloxamic acid are inert, non-hygroscopic and
thermally stable compounds. Both are compatible with nitrocellulose at
100°C. Urazine is moderately soluble in water whereas N-guanyloxamic acid is

practically insoluble.

b. Carbohydrazide oxalate is an inert, non—hygroscopic ,» slightly
water soluble salt. It decomposes slowly at 100°C but is fairly compatible
with nitrocellulose at that temperature.

¢. Nitrobiuret is non-hygroscopic, slightly soluble in water and
organic solvents and slightly sensitive to iapact. It gives an acid reaction
with water but a saturated aqueous solution, on standing, hydrolyzes slowly
to the basic side. It is unstable at 100°C but stable and compaticle with

nitrocellulose at /5°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 insoluble, white,polymeric materizl.
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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RESULTS: (contd)

CONFIDENTIAL

f. Hydrazonium oxalate is inert, wuceritely soluble in water and
non-hygroscopic. Although fairly stuble by 1t:elf at 100°c, it is in-
compatible with nitrucellulose at that temperature; st 75°C, however, it
is aore compatiblu.

g. Hydrazoniuuw nitrate is very soluoule in witer and deliguescent
at 90% Rh. Although it melts at 71°C, it is extremely stable at 10UYC;
however, it 1is incuwpatible with nitrocellulc:.e .t 75°C g exhibits ex-
plosive properties.

h. Guanylauinotetrazole is a nou-hygroscopic, practically ir.soluole
compound containing 77% nitrogen. The materiul was found to pe inert,
thermally stableyand compatible with nitrocellulose,

i. Cuanylaminotetrazole nitrate is noderately soluble in water,
sensitive to impact and explodes at 180°C. This salt, which crystallizes
with half a molecule of wuter, loses its water very slowly at 100°C. The
resulbmg anhydrous form is stable at that temperature. The hem-n)drat.e,
ahicn is non-hygroscopicyis compstible with nitrucellulose at 100°¢.

J. Nitroguauylammotetrazole is extremely irisoluble in water and
the coumon organic solvents, stable at lOO°C and thermally cowpatiole with
nitroucellulose.

4. The infrared absorption spectra of cyaselide and cyanuric acid,
recorded frow solid phlase mulls, are presented in figure 1.

5. The thermuchemical properties relited to ballistic perforumance
have veen calculated from the observed heats of coumbustion of the avove
compounds and are listed in Table VI. Nitroguanidine is incluced as a
basis for comparison.

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

JISCUSSION OF RESULTS:
7. ihen carbohydrazide is heated in the presence of acid catalysts,

a condensation reaction occurs acccempunied oy a cyclization to form urazine
(Ref A). This reaction is best represented as:

F-NHZ H,N -HP‘ /IH - Hhi

- - 2p.':l = y ™
O—L-H £ "3~0-——Z-—'—>0 C\/C=0 "ZNZHA Hel
~NH, HoN-

i

caroohyurazide Is urizine
Y 10
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DISCUSSIUN OF WksULTS:  (contd) o

Carbohydrazide, itself, is wiluly vasic, hishly soluble in water and relatively
unstable. Urazine, however, is only moderately soluble in water with a

slight acid reaction and is very stavle to heit. It is compativle with nitro-
cellulose ana possesses properties indicative of a good uropellent ingredient.
Compositions with nitrocellulose can be formuluted, contuining about 20¢
urazine, which have lower flume temperatures and better oxygen balance than
4-15 Propellunt. However, the best urazine composition with Tv& 2600°K will
give 8% less ballistic potentiil or "force" than the nitroguanidine powder.

8. \lhen aqueous solutions of carbohydrazide and oxalic acid are mixed,
a relatively insoluble, non-hygroscopic salt precipitates, consisting of
equimolar amounts of scid and base (Ref A). The thermochemical properties
of this salt indicated that it would be u good "coolant" and yet not too
"smoky". However, the stability of carbohydrazide oxalaite at elevated tewupera-
tures is questionable, oince it does not cowmpare as favorably in overall
properties as some uf the other compounds studied, its further consideration
as a propellent ingredient is not recommended.

9. ihen aminoguanidine bicarbonste and ovxalic acid are allowed to react
in hot aqueous solution, evolution of caroon dioxide takes place and a fine,
dense, white precipitate of N-guanyloxawic acid forws (Ref A).

lu—uaz H-NH-G-¢C-OH
0 .
=NH'HZCO3/H)-C~2-§-UH—-—)C=NH
0 1‘002)‘ H,0
NHZ : NH2

N-guanyloxamic acid is highly insoluble in water and organic solvents, quite
stable at elevated temperatures and compatible with nitrocellulose. Cal-
culations indicate that it can be incorporuted in 15% by weight with nitro-
cellulose to zive a cooler, better oxygen-balinced propellant than M-15 but
with 109 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 uumonia from two of urea.
It is obtained by heating urea for u long period of time at 160°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,

11. Nitrobiuret can oe ovtained readily upon treatment of anhydrous
biuret with mixea acid (Ref C). ’

11
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DISCUSSION OF RBSULTS: (contd)

{

, | /
nzu-g-un-g-rmz # 10y 20Uy oK - C - NH - C = NH = MO # H0

Nitrobiuret is non-hygroscopic, only moderately soluble in wuter; and «
saturated aqueous solution at 60°C hydrolyzes slowly froa a pH of 1,8 towards
the basic side. It is not staole ut 10U°C out doe, not decompose appreciably
4t 759C and at that temperature appears compatible with nitrocellulose.
although its oxygen balance to carbon monoxide unu water is zero it still
requires more energy thun nitroguanidine for complete cowbustion ang, there-
fore, from a thermochemical viewpoint, should muke an excellent ncoolantn
ingredient for propellant cuwpositions.

12. Nitrobiuret can be nitrated further, unier extreme conditions, to
form dinitrobiuret. Based on a method of Thiele and Uhlfelder (idef C),
this compound was prepared by dissolving nitroviuret in excess 1UCE nitric
acid and then concentrating in the daurk from a vacuum dessicator containing
concenvrateq sulfuric acid and soda lime (separated from each other).

0
uzx-ﬁ-uﬂ-y-ua-mz ;lrmo3——-)ozu-Nu-c-nu-!-nu-uoz%nzo

Dinitrobiuret, which possesses an oxygen balunce of # 21% to CO and H.0,
decomposes slowly in water with an acid reaction. It is guite sensst ve 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 disminobiuret because
this material contained 53% nitrogen, possessed a large gas volume (0.060
mole /gm) and offered good "coolant" charactertistics. However, the compound
can not be prepared from biuret directly. The best method of preparation of
diuminobiuret (Ref D) involves a two-step synthesis starting with a con-
densation between urethane(I) and ethylchlorocarbonate (II) to give nitrogen
tricarboxylic acid ethyl ester (III). The ester (III) is then ullowed to
.react with hydrazine to yield both diaminobiuret (IV) and ethyl hydrazine
carboxylate (V). This series of reactions can be represented as:

qu-cooczﬂb%z ¢l -C00C, Hy £ 2N e

I 11
N(COUC,H %ZNacl;le

)
I11 >3

2N (C 0 0 C, Hy)y # 5 NE, NH, £ Hy0—P i (C ng HN H),

# 3NH, NH C 0 U CHy # €O, £ 3 CpHs OH £ NH

v
12
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DISCLSSION ¢F RESULTS: (contd)

Diaminobiuret is 4 white, non-hygroscupic material melting st 200°C with
decamposition. It wus found to be very soluble in cold water, not too stavle
at 100°C and incompatible with nitrocellulose. as 4 result of these poor
characteristics this materiul is not suituble as a propellant ingredient.

14. In an effort to find "cool burning" nitrogen com,ounds thut are
not too poorly oxygem-baluncedyit was decided to investigate the twu solid
polymeric forws of cyanic acid, nuwely, cyanuric ucid and cyamwelide. Free
cyanic acid itself is a colorless, unstable, volatile liquid which is strongly
acidic and raises painful blisters on the skin. .t 0°C it is stuble for
short periods, grudually polymerizing to form nixtures of cyanuric acid und
cyamelide. ‘jerner and Fearon (ief E) suggested that cyanic acid exists in
two tautomeric forms, the enol form which is stuble only at low temperatures
and the more stable keto form. The enol form polynerizes to a white amorphous
material, cyumelide, 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 5N (enol) Z——2> N = ¢ = 0 (keto)

A low high

tecp temp

(CONH)x (CONH)3
cyanelide cyanuric acid

At 0°C, derner and Fearon found that free cyanic acid polymerizes into a
mixture containing 60% cyauelide and 40% cyanuric acid indicating the
respective amounts of enol =:nd keto form present at that temperature. 4t
higher polymerization temperatures, they found that the percentage of cyanuric
acid increased and that of cyamelide decreased.

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

m-/ﬂ\c—OHor, 0=/HC-0
Lk
Y

13
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DISCUSSION OF (ESULTS: (contd)

This material, which is slightly soluble iu wuater, crystallizes out as a
dihydrate which is efflorescent in air. The anhydrous form recovers all
of its water (22¢) at 905 RH and 30°C. Por this reuson alone, no further
consideration was given to cyanuric acid as a propellant ingredient.

16. As stated in parugraph 14, cyamelide can ope prepared ulong with
cyanuric acid by polymerizing cyanic acid at 0°C. 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
Hantzsch (Ref G), small yields of cyumelide were obtained by grinding
together potassium cyanate and crystalline oxalic acid. 4 sample prepared
in this manner gave an elemental unalysis (Table I) irdicative of un em-
pirical formula (CUNH)x and yielded no titration with dilute sodium hyaroxide
(as distinguished from cyanuric acid). according to Sidgwick (Ref F)
ncyamelide forms no salts with the alkalis under any conditions and hence
it is very unlikely to contain hydroxyl groups or the amide grouping,
HN=-d=o. It does, however, form a mercury derivative and hence muy well
contain imide groups, »C = NH. If boiled with water it sives ammonia and
carbon dioxide together with some cyanuric acid, and prolonged treatment
with alkalis converts it into the alkali salt of cyanuric acid.® (n the
basis of these properties, Sidgwick sugiests that cyamelide is a linear
polymer of higi. molecular weight with a structure gﬁ @ﬂ gﬁ

-0=-C=-0-C-0-{¢-0---

17. The sample of cyamelide prepured at Picatinny was found to be
highly insoluble in water and the usual organic solvents. It is inert,
does not melt at 300°C, and is 5% hygroscopic at 90% RH and 30°C. The
material is stable at 100°C and compatible with nitrocellulose. 4 saturated
aqueous solution at 60°C hydrolyzes very slowly towards the acid side.
Cyanelide 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 ncoolant®, since
it is possible to formulate compositions thut yield flume temperatures of
2500°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). pespite 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
compmnds .
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DISCUSSION OF HESULTS: (contd)

19. A review of the literature (Ref H) indicuted that most of the
mono-acid salts of hydrazine were fairly stuble und did not hydrolyze in
ajueous svlution. It was decided to investigate the properties of hydra-
zine oxalate (or hydrazonium hydrogen oxaliate) because calculations showed
that it would behave as an effective 'cool.unt” while possessing a high
molar gas volume (0.0492 mole /gm) and an oxygen bulunce to CO and H,0 of
-13%. The salt is prepared eusily by mixing concentrated solutions 5f hydra-
zine hydrate and oxalic acid. It crystallizes out of a hot aqueous solution
in fine, non-hygroscopic needles and when heated begins to decompose at
181°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 100°C is not compatible with nitrocellulose at that temperature.
At 75°C, its compatibility witnh nitrocellulose is 4lso questionable. 2s
a result, hydrazine oxalate is not recoumended for use as an aduend to
nitrocellulose propellants.

20. It was reported (Ref H) thut the mono nitric acid salt of hydrazine,
which melts at 71°C, shows no sigu of decowposition even at 300°C. although
hydrazine nitrate was also listed as being very soluble in water and hygro-
scopic, it was decided to investigate this muterial because it possesses,
in its cunstitution, all the inherent characteristics of a monopropellant,
containing voth a fuel and an oxidunt 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 N, and H.0. A
sample of the salt was prepured by carefully mixing equivalents ofzhydrazine
hydrate and nitric acid in concentrated solutions. The product lost no
weight when heated at 100°C for 96 hours and evolved only 0.02 ml gas per
5-gm sample in 40 hours when subjected to the 120°C vacuum Stability Test.
It was found to be very soluble in cold water, insoluble in anhydrous organic
solvents and deliquescent at 30°C and 90% RH. The material behaves as an
explosive being sensitive to impact (23" 2 kgm wt, PA Machine) and is almost
as orisant as Tetryl. When ignited in the open, it burns rapidly with no
visiole 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 75°C in 96 hours. It is
interesting to note that, although hydrazine nitrate melts at 71°C, the
. film did not appear to change its physical form appreciably when heated

above that temperature, thus indicating thit the salt forms a true colloid
with nitrocellulose. 3ecause of its poor compatibility, hydrazine nitrate
can not bg considered as an ingredient four nitrocellulose propellants.
However, if a suituble polymeric or redinous materiial can be found, which
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when combined withi hydrazine nitrate reduces its Iysroscopicity, the salt
may be of interest as a castuble solid rocket fuel ingredient.,

2l. The study of tetruzole derivitives hus always occupied a major
portion of the investigation of high nitrogen compounds at Picatinny arsernal,
These compounds appear to offer the greutest udvantage as non-smoky flash
reductants, especially where the highest percernt.age of nitrogen is desirable.
Tetrazole itself is a fairly ucidicyrelatively unstuble compound und may
exist in the tautumeric forms I and II, the position of a hydrogen atom
occupying either the 1 or 2 position:

NN rj- ?m
: d /
I II

Botn hydrogen atoms in the tetrazole wolecule are labile and literally
hundreds of amvono and disubstituted derivutives have oeen prepared (Ref I).
The tetrazole ring can also pe considered as a plosophore, the compound being
explosive wnen heated and also sensitive to iwpact. Many of the suostituted
tetrazoles, however, are considerably less explosive and wore thermally stable
than the parent nhucleus. (ne of the most stuaied of such aerivatives is
5-aminotetrazolse, 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 gropellent
cuwpositions, in fairly large proportions, without appreciably slowing down
the burning rate (def J). Unfortunately, however, S-aminotetrazole
crystallizes with one molecule of water which is readily lost at slightly
elevated temperatures while the resulting anhydrous form is very hyzroscopic.
Since this molecule of water represents 21% by welzht of the entire compound,
5-aminotetrazole can not be readily.used as a propellent ingredient unless this
affinity for water can be reduced.

2. R. Stoll&, in his investigation of tetrazole derivatives, was able
to condense cyanamide with 5-aminotetrazole to yield 5-guanylaminotetrazole
(Ref K). B

I
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DISCUSSIUN P JESUL.S: (countd) 1
As this compound poussesses 77% nitrogeu and was reported as being stable

up to 30u°C, it was dccided to investigite it us 3 possible propellant
ingredient. since free cyanamide is not svailuble counerciallyy both aqueous
and alcohwlic sovlutions of the miterisl were prepurcd in the laboratory

from crude conuercial calcium cyanuaudide (Sec paragraph 39). Upon addition

of S-aminotetrazole to either of the above solutions and heating the resulting
mixture on o steau buth for four or wore hours, yields of 50% or petter of
guanylaminotetrazole (based on 5-aminotetrazole) were obtuined. The pure
material, Obtulned after recrystallization from hot water, did not umelt

ahen heated to 300°C. It was non-hygroscopic and only sllghtly soluble in
cola water. QCuanylaminotetrazole reacts slightly acid with water but a
saturated aqueous solution does not hydrolyze significantly after standing

at v0°C for 24 hours. The compound possessed govud stapility when suojected to
both the 100°C Heat and 120°C Vacuum Stability Tests and was thermally cowpatible
with nitrocellulose. It could not pe detonated at 40 inches using a <Z-kgm
weight. Thermochemically, guanylaminotetrazole is strictly a "coolant"

since it lacks 57% oxygen and requires a large amount of energy for complete
combustion to CO and H. However, it does possess a large potential gus
volume (0.C63 mole / i and burns in the open air when ignited with a match.
Compositions cooler than M-15 can oe formulated containing 15% guanylamino-
tetruzole, possessing approximately 5% less ballistic potential. 1In view

of its high nitrogen content and excellent pghysical and stability properties,
this cowmpound is certainly worthy of further consideration as a propellant
ing.edient.

23. S5tolld also prepared the nitric acid salt of guanylaminotetrazole
by treating a dilute solution of hydrogen uzide with dicyandiamide and
nitric acid (def K).

NH

qu-y-m{-csr: AN =N=N £ HNOB———?

y
NH
NH - ¢ - NH, - HNO
< 3
This same salt was prepared at Picatinny by recrystallizing guanylaminotetrazole
out of hot 3i nitric acid. The salt crystallizes out in glistening plate-
lets which decompose sharply at 183°C with a orilliant orunge flash.
Elenental unalysis of a sample of this material, which had been dried to
constant weight at 80°C, indicuated thit it possessed one-half a molecule of
water of crystallization. This fact wus not reported by Stoll€. It was
found that this half molecule of water can only be removed after heating
the salt at 100°C for at least 24 hours. The resulting anhydrous form
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DISCUSSION UF RESULTS: (contd)

lost no weight when heated for an aduitionad 72 hours at thut tewperature,
when heated for 40 hours at Y0°C under vacuul, 4 one-gru Swaple of tne
hemi-hydrate evolved 0.35 uml gus. OSince the anhydrous form hus a tendeuncy
to regain its hulf molecule of water, it w.s decided to test the nitric
acid salt as the hemi-hydrate. The compound can be detonuted at lu inches
with a 2 ki weipght and explodes at 1807C in the Explosion Teuperature
Test. It is approximately <% soluble in water it 25°C and is non-hygro-
scopic. Although a saturated aqueous solution has a pH of 1.79 at room
tenperiture there is no appreciable hydrolysis ¢n further staunding. The
heni-hydrated salt cun alsv be considered theriully cumpatible witn nitro-
cellulose. Cuunyluminotetrazole nitrate possesses 56% nitrogen, lacks 163
oxygen for combustion tv CO and H,0 g alidg when ignited with 4 matchyburns
readilyy lesving a small yellowish rcsidue. 1t recuires more energy for
combustion than nitroguanidine andgthereforegshould be 1 more effective
coolant. In view of its muny de31rdble churacteristics, this compound is
also worthy of further consideration as a possible addend for iluproving
performunce of propellunt compositions.

24. BExcept for Stoll®'s orijinal work in 19«9, nov other reference

wis found in the open literature concerning guunyluminotetrazole or its
derivutives, It was, therefore, assumed thut the dehydrated product cof
the nitric .cid salt, nanmely, nitroguanylaminotetrazole had either uever

been previously prepdredcnylf so, never reported. The culculaled therto-
" cneaicul properties of this compound indicuated thit, bused cn its struct.are
alone, it would offer 11l the udvantages of 4 superior propellant ingredient
since it incorporates the best features of votii nitroguanidine anc tetrazole.
Because it contains two plosophoric groups and ilso possesses a sli.hit
positive energy required for combustion, it should oe easily igritiole and
also vurn readily. Since it contains a high percentage of nitrcger. (65%)
and is not too poorly oxygen-balanced (-18.6%), it should inpart low flash
and smoke characteristics to propellant compositions. Based on the observed
pnysical and chemical properties of guanylaminotetrazole and its nitric
acid salt, it was believed that the correspondin; nitramine would also
possess desirable characteristics.

25, The most logical synthesis of nitroguanylaudinotetrazole would
naturally be from the dehydration of the nitric acid salt of guanylamino-
tetrazole. However, all ordinary dehydration mediums used failea to yield
the desired nitrawine (See Table V). Concentrated sulfuric acid evidently
decamposes the entire moleculeyas no product was ovtained after quenching
on ice; the use of acetic inhydriie is & dehydration medium resulted in a
recovery of the original nitric .cid salt. . hen guanylaminotetraczole
was used as the starting materialynune of the ordinary nitration mediums
gave tie desireu nitro compound. Finully, when the purent amine was added
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DISCUSSIUN F RESULTS: (contd)

tu o wixture of unhpdrous phousphorous pentoxide dissolved in 1004 nitric
acid, gquenching on ice resulted in fornution of essentially guanylamino=-
tetrazvle nitrate plus a very smull quantity (ca 3%) of nitroguanylamino-
tetruzole. ynly such extreme nitration conditions yielded the desired
product and always in the saue small percentauge yield. The nitraumino
derivative was separated frow the nitric acid salt by washing the latter
out with hot water, the former beinyg very highly insovluble. Because of
the extreme difficulty involved in its preparation by this method, only
enouygn sample was prepared sufficient for the determination of a few
important properties.

26. As mentioned above, nitroguanyluminotetrazole turned out to be
surprisingly insoluble in water (0.02% at 25° and 0.04% at 60°c). Since
it was even more insoluble in the conmon orgunic solvents, the sample
Was recrystallized from a large volume of hot wuter. Although elemental
anslysis (Table I) indicated that the material was essentially the desired
compound, it is believed that the sample was not entirely free of impurities.
when heated at 100°C for 96 hours, the sample lost 0.70¢ of its weight
and at 30°C and 90% RH, it wes 3% hygroscopic. A purer miterial would probably
be more favorable in these two respects., The ccmpound was also found to be
juite compautible with nitrocellulose at 100°C. jhen heated oun a hot stuge
melting point apparatus, the compound started to decompose at 247°C. Wwhen
ignited in the open with a match, nitroguanylaninotetrazole ourned (or
decumposed) 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
advantage ic that it can be substituted for nitroguanidine in the M-15
formula, along with triethylene glycol dinitrate (TEGN) instead of the
uore sensitive and less staible nitroglycerin, to yield a composition with
essentially the same calculated internal ballistics as M-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
guanylaminotetrazole. i/hile 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. hen the salt was treated with concentrated HySO4, decomposition
resulted. {hen 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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basic properties:of the umiuo group ure uusked by the existence of the
following tuutoweric forms;

HN =N N==r N N== N HN ———

l y | | “L L I \

N N H HN N

\\c / \c} \c / N\ ¢ 4
i, b, 3 )

1 11 111 v

In addition to the above structures it is also couceivable to postulate
two aduitionul forms of a zwitter-ion nature, i.e.

=1
N O\
1!53‘" _ l!HB‘l’

dhereas structures I - IV explain the acidity and metal salt formation of
5-aninotetrazole, structures V and VI more readily explain the high melting
crystulline stute of the compound as well as the formation of salts with
wineral acids such as hydrochloric and nitric.. analogously, similar
structures can be drawn for guanylaminotetrazole.

Bl Ul I T

N\c/ HN\C/\I \/NH \/l
) | ﬁ*’ l ?“ [ g.“
NH - C - NH2 . NH-C - NH2 N-¢C-~- NHZ N-C-~- NHZ
V11 VIii X X
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N—N -N —N N ===l —_—N
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NH

L‘-@H-Mg l‘- -NH;

1
(Y SV T
H NH3 NH3
LI £II X111 LIV
It can ve seen thut four zwitter-ion structures are possivle for guanylaaino-
tetrazole and it is believed that this interniyl ionic character plays an
even awre important role in accounting for the pruperties of this compound
than it does for the analogous aminotetrazole. This is indicuted by the
fact thut guunylauinotetrazule 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 sult cun be hydrolyzed back to yield
the parent compound only after long ooiling in aqueous solution, indicating
that the unwonium nitrate type of linkage formed is also uite strongly
ionic in character. In view of these cousiderations, it cun ve postulated
that in a strong nitric acid medium, tie tendency for susnylaminotetrazole
to underzo salt formation and retain this structure will be wuch greater
than the tendency to dehydrate to the covalent nitramine, the formation of
whicn undoubtedly requires a great deal more energy. It is true that
under such extreme nitration conditions as witn 1004 nitric acid and phos-
phorous pentoxide, some nitroguanylaminotetrazole will 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 hizh 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 diazotisation of the hydrazine amino
group followed by a cyclization to form the tetrazole ring. The reaction
can be represented as;

NH -
_F KNO - _4]
O,N - NH -NH-NH2_Hmé__)ozn-mu-c-hﬂ—u-n,__

=2év—

C’{NNH - NO

2
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DISCUSSION UF RESULTS: (contd)

Since it i3 not feasible tu repure nitrouguanylawinutetrazole by a direct
aitration of guanylaminotetrazole, it would be desirable to investigate soms
such inairect method of synthesis in which the nitramine group is already
present in une of the starting cuterials. The cost logicual method that
naturally suggests itself involves the diuzotization of nitroaminobiguanide.
Since nitroaminoguunidine is prepared by the reaction Letween hydrazine and
nitroguanidine, the following uynthesis for nitrojuanylaminotetrazole is
proposed:

" t'll-l NH NH .
HN - C = NH = C = NHy * HNO3 ~H0 _HN -c-uu-y-uu-noz

biguanide nitrate nitrooiguanide

l+ - g ' aNO. /
- - - - - - - v - - - - c - -

nitroacinobiguanide
m-—u

\./

NH - ?F - NH - NO
nitroguanylaminotetrazole

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

29. Utilizing those compourds which have been evaluated as possessing
adequate physical properties for inclusion in nitrocellulose propellunts,
compositions have been formulated to illustrate their ballistic possibilities
" ang these are presented in Table VII. These compositions are compared with
M-15 Propellant using the Herschfelder calculations (Ref N) for "relative
force", gas volume, flame temperature, heat of explosion and oxygen balance.
Buach composition remresents that formulation containing a particular high
nitrogen compound which was calculated to give the highest wforcem at a flame
temperature equal to that of Y-15 Propellant. Urazine, N-guanyloxamic acid,
nitrobiuret and cyamelide yield cool compositions with approximately 10% less

nforce" than ¥-15 Powder but with better oxygen balances. Guanylaminotetrazole

and its nitric acid salt can be incorrorated in cool powders with 5% less
nforce® and nitroguanylaminotetrazcie with egual or slightly higher nforcen
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than M-15 and ull with woout the same oxyzen bualance. (n an overall basis,

ingredients to the other three compounds; because of their |plosophuric
nature they should yield cool powders with wmore satisfactory tquickness® rates,

30. In formulating the hypothetical compositions in Table VII, tri-
ethylene glycol dinitrate (TEGN) was used as the plusticizer instead of
nitroglycerin. It was found that where high nitrogen compounds are included
in cool compositicns with nitrocellulose, the use of NG, instead of TEGN,
does not offer any particular advantage as far as calculuted nforcen is
concerned since with the former mauterial, higher temperatures are obtained
at the expense of gas volume; the use of TEGN, however, results in higher
gas volumes at the desirable lower temperatures. In addition, TEGN is more
stable, less volatile, much less sensitive and pussesses 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 nitrocellulouse propellancs and especially for those containing high
nitrcgen compounds,

nitrobiuret and the three tetrazuvle derivatives are superior propollant’ _—

31. In evaluating materiuls as possible future propellant ingredients,
a cunsgideration of the availability of the substunce is necessarily i.iportant.
Urazine and N-guanyloxamic ucid depend upon hydruzine as a starting material.
although these compounds, by virtue of their excellent stability and physical
properties, offer possibilities of being good cool propellunt ingredients,
they cannot be considered beyond the laboratory stage at this time since
hydrazine is not now coimercially available in large quantities. 4 program
to study the basic chemistry of hydrazine synthesis was forwarded to the
Office, Chief of Ordnance (QRDTB), Ref P. as yet, no action hus been taken
on this program. C(Cyamelide, although possessing excellent coolant properties
along with a4 good oxygen balance, depends upon free cyanic acid for its
preparation. Its manufacture from availavle muaterials, in good yields,
is also not considered feasible at the present tiiie. Nitrobiuret, however,
depends on urea and can be made readily availavle if so desired. If this
material will yield physically and thermally staole finished propellants,
it should offer a good economical source of cool powders. No accurate
prediction as to the ayailability 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.

HN—N
HN3/2H2NC'N——)| u

\ "
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EXIE RIMENT AL PRUCEDURE:

32. Sauples of urazine, carbohydrazide oxulate und N-guanyloxamic acid
were received frow the University of Illinvis und evuluated as such. pfor
detailed descriptions of the preparation of these coupounds zee Ref 3.

33, Preparation of Nitrobiuret

100 gis of anhydrous biuret were slowly added to an ice cold mixture
of 66 ml nitric acid (70%) and 250 1l concentrated sulfuric acid with constant
stirring. rhe addition of the solid was so controlled as tu keep the reaction
mixture at 0°C. After all the biuret was added, the mixture was stirred for
an additional two hours, keeping the temperature st 0°, 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 wushed with water
and alcohol. Upon recrystallization froa warm water, a 75% ylield of pure
nitrobiuret is obtained, MP 170°C with decomposition.

34. Preparation of Dinitrobiuret

27.6 gms of nitrobiuret were dissclved in 50 gms of 10UZ nitric
acid cooled to 5°C. The solution was then pluced in a vacuum desiccator
over soda lime and concentrated sulfuric acid (separated from each other)
and concentrated in the dark until a white crystalline wmaterial formed.

Tie dinitrooiuret, still wet with residuul nitric acid, was then spread ovut

on a porous elay plate and dried in air for 2 hours. The material was then

dissolved in a minimum amount of waru absolute methanol and precipitutea out
oy chilling. The white needle-like crystdlline dinitrobiuret was filtered,

washed with ether and air dried. MP 124°C (Verpuffer).

35. Preparation of Diaminobiuret

For a detailed preparation of this compound see idef D.

36. Preparation of Cyawocelide

100 gms of oxalic acid dihydrate and 100 gms of potassium 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 @l of hot water and stirred in a beaker for one
hour. Separation of the cyamelide from the wash water was best accomplished
by centrifugation. The water-washing procecure was repeated three times.
The material was then washed twice with acetone, filtered, air—dried and then
placed in an oven at 80°C overnight. Yield, 12 graus.
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PRUCEDURE: (contd)

37. Preparation of Hydrazonium gxalate ' ;

58.8 gms of 85% hydrazine hydrate were added slowly with stirring
through a dropping funnel to a hot solution of 126 gms of oxalic acid di-
hydrate in 150 ml of water. 4 white precipitate began to form ufter about
one-fourth the addition >f the hydrazire. After all the hydrazine was
added, the mixiure wus stirred for one hour at 90°C and then allowed to cool
to room temperature, The precipitate was filtered through a Bichner funnel,
washed with cold water, alcohol and et.her’ and dried in air. The crude yield
of hydrazonium oxalate, weighing 112 gue, was purified by recrystallization
from hot water. MP 181°C, dec. .

i Sl AR

38. Preparation of Hydr;zonium Nitrate

one (1) mole of hydrazine hydrate (59 -gms of 85% solution) was
amixed with 30 ml water in a beaker equipced with a wechanical stirrer and
cooled in an ice bath. 65 ml of 70¢ nitric acid, diluted to 100 ml with
distilled watery were 4dded slowly from 4 dropping funnel keeping the tempera-
ture between 10 - 15°C. ithen the addition of the acid was cumplete, the
solution was stirred for an additional hour allowing it to warm up to room
temperature. The solution was then concentrated on the steam bath to a
volume of 25 ml. Upon the addition of 75 ml of 95% ethanol to the cooled
concentrite, a white precipitate of hydrazonium nitrate formed. This was
filtered, washed with alcohol and ether,and dried in an oven at 50°C to
constant weight. Yield 50 graus, MP 70 - 71°C.

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

Aqueous Solution - 300 gms of crude calcium cyanamide (approx 60%)

was made into a slurry with 300 wml of water. The slurry was then pluaced in

a 7" Blichner funnel connected to a long afficient reflux condenser which was
‘n turn connected to a 4 ~1 filter flask immersed in an ice bath. 1800 ml of
water, warmed to 709C, was then poured cato the slurry in the Blichner funnel
at such a rate as to leave a thin lagyer 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 tredted 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 gms) thus pre-
cipitated was removed by filtration. The resulting cyanamide solutiovn was
concentrated down to 300 ml by means of a water aspirator (10 - 12 mm
zmercury 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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EXPERIMENTAL PRUCEQURE: (contd)

" approxiaately 1 mule (42 grams) of cyanauwide iu aqueous solution can be
produced in this aanner,

alcoholic Solutlon = 3W gws of crude culcium cyanauide were placed
ia a 33iter beaker with WU wl of Y53 alcohol. The veuker was surrounded
by 4an ice bath and the mixture was wade into 4 slurry using a very efficient
heavy-duty mechanical or uir-driven stirrer. 4 solution consisting uf 450 ml
of 508 sulfuric acid diluied with 100 wl of water wus added slowly through
a dropping funnel with coutinued vigorous stirring. 4s more and awre calciua
sulfate was formed, the wixture becume thicker und wore difficult to stir.
dhen 5QU ml of the sulfuric acld solution had been added, the pH of the mixture
was checked anda additional acid was added carefully until the pH was 5. The
mixture was then filtered through a large Bichner funnel and the filter cake
ex’ 3cted with three 20.-ml portions of hot 954 ethanol. The filtrate was
then concentrated on the stewa bath to oue-hulf its original volume and a
small amount of additional calcium sulfate, which had precipitated, was
filtered off. The yislds >f cyanumide ocvtained in this wmanner were approximately
the same as from the water-extraction method.

40. Preparation of Guanylaminotetrazole

The cyanamide solution (prepared from either method in Section 39)
was neutralized to a pH of 7 with dilute ammonium hydroxide. (ne mole of 5-
apinotetrazole 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 begun to pracipitate. .fter 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 1Iquor (which
precipated some S-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°C). The
pure waterial did not melt at 300°C.

41, Preparation of Guanylaminotetrazolc Nitrate

Ten grams of pure guanylaminotetrazole were dissolved, with stirring,
in 150 ml of hot 3M nitric acid solution. The hot solution was filtered and,
upon cooling, shiny white platelets of the nitric acid salt crystallized out.
These were filtered, washed with cold water, alcohoul and etheryand then dried
in an gven at 80°C. The compound decomposes sharply with an orange flash
at 183°C.
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EXPERIMENT AL PROCEDURE: (contd)

43. Preparation of Nitroguanylaminotetrazole

Ten grams of guanylaminotetrazole were slowly added tu go ml 100%
nitric acid with constant stirring, keeping the temperature at -10°C. when all
50lid material had dissvlved, 6 grams of anhydrous P,0. were added slowly at
the same temperature. Stirring was continued for un sduitionul hour and then
the entire mixture was slowly poured onto 300 grams of cracked ice with con-
tinued rapid stirring by hand. 4 fine,white precipitate formed iumediutely.
This was filtered on a Buchner funnel und 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 0°C. The aried product began to decompose at 247°C on a hot
stage melting apparatus.

All laboratory tests were made in accordunce with procedures standard
at Picuatinny irsenal. : :
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