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FORERCRD

“In order to give the casual or occasional reader & better
understanding of the background and reasons for doing the pars
ticular piece of research, cne major toplc from eacna branch of
chemistry is reviewzd. It is hoped that it will also serve to
remind the individual researcher of the goal to be attained. In
order to prevent the report from becoming stereotyped by the
repeated use of the same introduction, new subjects will be
treated each reporting period and reference given in topics to
the issue giving the background review. In this way it is hoped
that each research prolect will be treated approximately once a
yvear. The background review given this time is:

Reactions of Nitrate Eagers C 3

This is the nineteenth in & series of NAVCRD Reports which
sumArizes the bimonthly progress of. research being carrizd out
oy the Chemistry Division of the Research Department. The wor¥
waa carried cut under Task Assignments 31001-01, 5601i7-01,
56019-02, and 6302604,

This report is transmitted for information purposes only.
It does not reprzsent the official views or firal judgment ot
the navel Crdnance Teat Statior. It represents information re-
leased at the working level that is stlil subject to modification
and withdrawal.

WILLIAM S. McEWAN
Head, Chemistry Division
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ABSTRACT

Thiz report preaenis the iecimicai pregress of the Chemistry

Division of the Regearch Department in the fields of nitrogen
chemistry, physical chemical research, genersl research, combus-
tion research, and propellant research. The contents cover
the pericd of November - December 1957.
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NITROGEN CH:MISTRY
HIGH-NITRCGEN CQOMPOUNDS?!

A simplificaticn of the present synthesis of 1l- and 2-methyl-5-
vinyltetrazoles is greatly desired. Although the yields of mixed 1-
and 2-methyl-5-(2-nydroxyethljtetrazole are approximately 0% in the
current process, the methylation of S-hydroxyethyltetrazole is done
in ethanol solution and considerable manipulation is necessary. A
significant imprecvement in prucessing time can be achieved without
appreciable loss in yieid by employinz the following procedure:
5-hydroxyethylietrazole synthesis in dimethyl tormamide soluticn,
vacuum evaporation of solvent, solution ¢f residue in agquecus base,
sparging with air to remove ammonia, methylation with dimethyl sulfate,
and continuous extraction of the methyl hydruxyethylietiragoles with
ethyl acetate or chloroform. An over-all yield of 86% of methyl-
hydroxyethyltetrazoless was obtained in a four-mole reactica. Distil-
lation of the mixture gave 41.8% of the 2-methyl isomer and hb.2%

.of the l-methyl isomer. A 92.6% yicld of mixed methyl hydroxyethyl-
tetrazoles was obtained in a 0.5-mole reaction, starting, hcwever,
with purified 5-hydroxysthyltetrazole. GSince the solubilitics of the
1- and 2-methyl-5-(2-hydroxyethyl)tetrazoles differ considerably, an
effort will be made to extract preferentially one of the lsomers and
thus achieve a separation of the isomers without resorting to a high
vacuum distillation. ‘ :

Sedium $-hydroxyethyltetrazole can be quantitatively methylated
with 8. :quimolar amount of dimethyl sulfate at 35-40°C in dimethyl
formamide; no difficuliies were created during the reasciicn or the
work-up by this particular solvent,. Hormally this methylation is
performed in water or ethanol. When one-half mole of dimethyl sulfate
wag employed per mole of sodiwn salt, the yield dropred to about 6%,
even though the temperaturs of rcaction was increased to 90°C. The
difficulty of methylating sedium 9-hydroxselhylteirazole with potassium
methylsulfate in water or e¢thanol was reported earlier (Ref. 1).

Several attempts to demethoxylate the l-methyl-5-(2-methoxyethyl)
tetrazole have not given the desired I-methyl-5-vinyltetrazole monomer.
Base catalyzed demethoxylations invariably result in partially
polymerized products. Acid catalyzed reactions do not proceed at
useful rates at temperatures below 180°C. Similar attempts to dehydrate
the 1- and 2-methyl-9-(2-hydroxyethyl)tetrazoles using acidic and
basic catalysts were equally unsuccessful. Initial efforts to convert

Ycontributed by ¥. G. Finnegan and R. A. lenry
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sodium 2-{1- and 2-methyl-5-ieirazolyllethane sulforazz to 1- and
2-methyl-5-vinyltetrazole by heating in an aqueous sodixm hydroxide
solution failed. ther methods for effecting a dernydrosuifonation
_are under consideration.

The synthesis of the 1- end 2-methyl-S5-vinyluetrazoles would
slso be greatly simplified if the readily availsble Z-chlorepronisc-
nitrile could be converted to 5-{Z2-chicrcethylltetrazzole. Hesction
of this nitrile with ammonium azide, however, did not proceed in the
expected manner; hydrazoic ncid was evolved.

Apparently, scdium azide and either B-sminopropionitriie nydro-
bromide or B-dimethylaminopropionitrile hydrochloride react in
dimethyl formamide at 125°C to give mainly S5-vinyltetrazole ur the
‘corresponding amine salts {cold agqueous solutions of the products
rapidly decolorized permanganate and amine was immediatel; zvolved
upon the addition of sodium hydroxide). Very little of the desired
S-{p-amincethyl} or 5-{f-dimethylamincethyl}tetrazole wes Isclated.
It is suggested that the following isomerization readily cccurs and
that under the reaction conditions employed ammonia or dimpeinylamine
are lost from the salts by volastization.

{ -} . - LT
g:; v {+) { ?' N ; .
{ JC-CHCHMHR, —) E* _C-LHCHay NHpHa
i ///,/ ‘ ;/‘ H
N——N Ne——N

where R i3 CHy or H

Scame additional experiments have been performed o extead the
gtudies reported previcusly {Ref. 1} on conditions which Pfavor the
convergion of aliyl or aryl nitriles to S-gubstituted tutrazoles.

Ia general, the results, #hich are summarized in the fellowing table,
confirm the sarlicr conclugionsg; however, three additiocnal pointaz
should be noted: (1} Zoron triflucride-dictiyyl ether comuplex ig about
ag effective ag ammonium chloride in catalyzing the res
bly due to the forration of

Liaon, r03si-
By
RC -N" " 'BFj3.

(2) Water i3 apparently harmful to the reaction. (3} Dimethyl

formamide is a mucn better solvent in which to perform the reaction
-than certain polysthers.




AZLE 1. Further Swudies on ¢ A
of Benzonitrile to 5~Phen;43a:razola

5 ~

0.2 mole of penzonitrile, 7 hr at 1235-125°C; lOO ml of solvent, and
0.22 xole of sodium azide.

Catalyst Azount Kind of Solvent Yield, %
none - . DF 24.9
NH4CL 1.07 g (10 mole %) IF 55.57 54.1
CaHsliHall 2.6 g (10 wole B} OF 73.3
BF3-Dizthyl =ther 3.0 g (10 mole %) o &3 55.6
H20 5.0 g OF 5.8
none - igiyme 0]
BF5-Dietiyl ether 3.0 g (10 mole % Diglime 0
Coits305H 2.0 g (3 mole %) 2-Methoxyethanol 16.3

A 71.5% yield of S-meth W loercaptotetrazole was obtained by
heating a mixture of methylihiocyanate, sodiua azide, and armonium
chleoride in d‘meunjl formanide for 6 hr at 93?C. Cn the other hand,
tne yield of 5S-benzylrmercaptotetrazole was only 28% when benzylthio-
2yanate was reacted under similar conditions; sulfur was also formed,
31pa»atLLg the formation of some thiocyarate ion. This result is
congisgtent with the fact that the benzyli jroup is mor2 readily dis-
placed by & nucleophilic reagent than is the nethyl group. With
patassium thlo:yanata, the only produdt isolatad besides frez sulfur,
was S-aminotetrazole (0.3% yield); potassium cyanaie gave no teirazole
derivative.

RFACTIONS OF NITRATE ESTERS?

2akground, tudies on the chemistry of xivrata egters are of
Interaas and izportance to the sub éct of rochet propeilants for
gaveral reasons. The simple eaters are Hro.ouJ,es of more complex
nitratea gu:h as cellulose nitrate, glycerol t-initrate, and petrin}
and inveatij;ation of the chemistry of the prototyres provides a
{oundatlon for understanding the reaztion of more complex systems.

In racent years a number of theoriea of propellant burning have
bien concelved. In order to test these theories, it is often
accessary to prepare “tailor-made” compounds for use as i{ngredients
in c.perirental gamples of propellant mixtures. Toward this end,
certain reactions are belng studled whith could potentially prove
useful ag preparative procedures for propellanty components.

eontrioutud b/ R. T. Merrow and R. [l. Zoschan
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One example of such a synthesis is the preparaticn of niiro
compounds by the dscomposition of acyl nitrastes. In particular,
flvoropierin {triflusrcnifrometnane} hag been isclated from ths
reaction between trifluorcacetis anhydride and niiric scid. In order
1o test the generality of tnis orocedure, this reacilon is being

for 2xample perfluorobutyric anhydride. Thus far, flucropiczrin is
the only nitro compound that has been prepared by this procedurs.

The synthesis of nitrate esters by the reaction of the corres-
ponding chloroformates with silver nitrate has proved to bes & fairly
useful synthetic procedure. A number of nitrate esters have been
produczd in fair to good yields by this meihod. & study of this
reaction using hexyl chloroformate enriched with 08 in the oxyzen
atom adjacent to the allyl sroup has shown that in this case the
reaction goes predominantly without rupture of the C-0 bond.

Hew types of nitrate esters have been prepared, and are being
investigated for possible use in mono- and bi- propellant syslems.
Two esters which have been prepared from flucorinatad al:chols, for
example, show rather unusual stability toward heat, and may be useful
a3 desensitizers for such materials as nitroglycerin.

Other investigations {(which wera carried out and ars prese.tly
veing carried out} are derived either directily or indirectly from
problems encountered in procesaing, storags, or burning of solid

‘propellants: innibitlon of zrains by chemicsl means, instablility,

and unusaual burning rateg of leaded fornulations. A study of the
reactions of nitrosen dioxide with stabilizers and balliastic modifiers
wag recently concluded, and a similar study o7 reactions of nitrate
gatarg with thess compournds is nearly finisned. Ramifications of
these investizations have lud to other research of a more fundamental
nature, including tone decomposition of nitrave esvers in {rifliorec-
scetic acid, and photolysis of nitrate esters in tng liguid phase.

) Progress. The s%tudy of the rcactlons of nitrate esters with
balligtic modifiers and stabilizers in trifluoroscetin acid {IFA) has
been esgentially caompleted and the related investigation of the
solvolytic decomposition of the nitrates in TFA is centiuuing. It

hag been found tha* the soivolysnis is apparently catal;zed by ultra-

v olet 1isht. Hitrogen dioxide 13 consumed -and reduczed by a solution
of butyl nitrate in TFA, but not by elther the nitrate or the aclvent
alore. Tihe "luductlon period” outserved when the reaction wag followed
by ultravieoiot gpeetrometry i3 nob ohbserved when the rate of dis-
appearance of bulyl nitrate was measured polarographicaily. Hepila-
fluorcbityl nlirate does “.ub apuear Lo react with triflucrcacetic acid
at room tempirature.

C-4 LN
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" Arother polyricorinated nitrate ester was preparced. 2,2,3,3,
4,5-Hexafluoropentametnylens glycol dinitrate was obtainaed in 303
yleld by treatment of the glycol with mixed acid.

NITRAMINES?

2,4,6-Trinitraza- l—,nlo“o weptane (I) reacts with sodiunm azide in
dimechylforramide at 40°C to give a 7%% yield of 2,4,6-irinitraza-
l-azidoheptane (II), m.p. 105-108° (dec).: Bicyclohepadiene and II
react to give a quantitative yieid of the triazcline III, m.p. 130°C
(dec). :

CHa/N(502)CHz/ 3 ; :

N
Xy

Dimethyl tut. nedioate and II in acetane solution at »0C gave a 95%

yicld of 1-(2, 4,v—,rin:trazaheptyl?-h,5-dicarbomethoxy—l,Q,i—tr.azcle,
167-158°C (dec). Propargyl aleohol and II did not give & triazole

wnen heated at GG°C fo= 30 min. Dimethylcyenamide and II did not

rzact to give a tgirezole ter 26 hr at GL°C. In fact, II was

recovered unchanged. uornum azide and 2,4,5-trinitraza-1,7-dicnloro-

heptane react in dimethy.formamide to give.a Gu% ¥irld of 2,%,6-

trinitraza-1,7-diazide r¢ntawz, m.p. 135-137°C {dec). Thais naterial

has a 50% pcin® of 11 “m on a Bureny of Mines LmDSJL machine usiang

Tyspe 12 tools and a 2-ig weight. ’

Dimethylcerbamyi chloride reacted with silver nitrate in the
presence of nitric oxide in a~etonitrile to jive a dimedhylnitramine-
dimeth/Initrosamine ratio of 1:1 while in the absence of nitric oxide
the ratio is 7:1.

Tri-(N-nitre-il-methylaminomethiyl )umine was not cleaved by eyanoygen
bromide even efter refluxing in chloroform ror 24 hr.

An attempt to prepare 1,7-dicyano-2,4,6-trinitrazaheptane, a
probable pr:cwwsor of the corresponding dicarboxylic acid, by tne
treatment of the 1,7-dichloro-2,4,6-trinitrazaheptane (IV® with
mercuric cyanide in the solvent dimethylsulfoxide (V) yieldud a
crystalilne precipitate which on the basig of elemental aralysis
hag the probable formula,

[r(ci) o/ [TCHA) 2507

A very agmall amount of an amorphous solid was also isolated which
contained nitramino gre.8 but it could not be purified. 3ilver

ITontributed uy ¥, ¢, torris and B. Reed
TR €-3
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cranide and the dichloro derivetive IV did nmot przszt in ihe ,
solvent ¥V, probably because of the insolubility of silver cyanide.
Glycidol, in large excess, failed to reaczt with IV at “0°C;
experimenis utilizing more severe conditions are underwsy. Thae
diralide IV reacted with s large excess of glycarcl to form a waler
soluble crystalline derivative, melting point 10570, which is balieved
1o be the 1,2,14,15-tetrahydrowy-4,12-dioxa-~,3,13-trinitrazazentisa-
decane. In the concluding phase of the study of the aiirolysi

I

‘hexapethylenetetrammonium selis with the mixture trifivorca:siic

annydride-nitric acid in the sol_vent sulfur dioxide, it was rouxnd

that the methyl hexamethylenetetrammonium nitrate yielded & crystalline
product which afforded l-acetoxy-2,4,6-trinitrazazepiane upen neing
erystallized from hot acetic acid. When n-dibutylamine was sub ectied
t¢ the same nitrelyzing conditions r-dibutylammoniumn triflucroscatate
and N,N-n-dibutyltrifluorcacetamide were obtained; only a small smount
of n-dibutylnitramine was isclated.

SYNTAZTTC HIGH-ENERGY POL/MERS!

Tetranydrofuran Copolymers

‘he boron trifluoride-ethylene glycol initisted copolymerization
of tesrahydrofuran with ethylene oxide has been found to yield poiymeric
dials of varying composition and molecular weighi. Hecently, emphasis
has been placed on the task of synthesizing s one-to-one copolmer
having a molecular weight, structure, and other physical properties
which would be reproducible and which would wmake the copol.mer suitable
as an intermediate for polyurethane formation. Thalz goal las now been
partially achizved., At an initial 1.0:0.+:0.1 molar retio of tetra-
nydrofuran zethylene oxide:ethylene glycol, 5.0 mle % boron trifluoride -
save G0 to ¥5% yields of crude diol having a mole:ular weight of about
1200. These reactions were run in ethylene chloride solution (50 wt. %)
at 0°C for periods of iwo to 3ix days. The use of benzene as a sol-
vent resulted in a8 slirht reduction in molzcular weight as might be
anticipated. Unfortunstely, elemental analyses on these copolymers
are not yet available and their exact composition iz tiersfore not
known. lowever, it may be predicted that a one-fo-one compasivion
will he closely approximated as 'a result of the kigh conversions
obtained. :

A& nquantitative estimation of the amount of terminal unssburation
in thege copolymers has noi beea made. However, their infrared
absorption spertra show no absorption bands in the 6 micron region
gupgesting that difunctionality approximating 10C% has been achieved.

lcontributed by W. J. Murbach and A. Adicoff
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Chromatographic grade aluminum oxide (basic) has been routinely
used in a slurry technique as a scavenger for beron trifluoride. When
used in amounts sufficient to comp}etely remove catalyst fragments
from the copolymeq only 80 to 85% recoveries of diol are realizzd.
Since this process may lead to composition and/or molecular weight
fractionaticn SOTB'Other potential scavengers have been irvestigated.
Both calcium hydroxide and calcium fluoride have been tiried without
success. Other inorganic materials will be evaluated in the future.

Vinyltetrazoles

A technique for the polymerization of 2-methyl-5-vinyltetrazole
in solution in such a fashién as to give a suspension of finely
divided, filterable particles has been developed. The conditions
that have been found .ecessary to obtain this result are: ben-otri-
fluoride (practlcél grade), 180 parts; 2-methyl-S-vinyltetrazcl:,

20 parts; benzoyl{perox1de {purified), 0.2 part. The system .s
flushed with heiiuym for 1 hr with stirring, stirring discontinued,
and the system sealed and polymerized at 80°C for 4 hr. Catalyst
(benzoyl peroxide) concentrations have been varied as follows: 0.3,
0.2, and 0.1 part. The intrinsic viscosities in dimethylformamide
of the polymers produced were 0.570, 0.765, and 1.000 respectively.
These values correspond to molecular weights of 500,000, 774,000,
and 1,190,000 respectlvely using the very approximate values for K
and a reported previously (Ref. 1). A plot of the reciprocal of the
molecular weight against the square root of the catalyst concen-
tration gives poiﬁts close to that of a straight line. The yields

‘of polymer, however, appeared to drop off sharply as the catslyst

concentration was|changed from 0.2 to 0.1 part (from a yield some-
what greater than|99% to a yield somewhat greater than 86%). In
practice this problem could be overcome by using some additional
catalyst toward the end of the polymerization. This would disturb
the molecular weight distribution slightly.

In a preliminary experiment a sample of the polymer prepared
by the sbove methpd was molded into a clear pill. The clarity of
the pill indicateg that this polymer has molding properties superior
to any of the 2-methyl-5 vinyltetrazole polymers previously prepared
with respect to molding temperature and pressure.

Attempts have been made to use other high density solvents for
the polymerization of 2-methyl-S5-vinyltetrazole. None of the solvents
used was successful in producing polymers of the desired nature.
Apparently factors other than density (probably interfacial tension
and solvent cohesive energy density) are important in obtaining the
desired polymer.
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Attempts to polymerize the monomer in higher concentratz®ons (30
and S50%) were unsuccessful giviag masses of polymer ratiicr than dis-
crete particles although some material of discrete perticle nature
was obiained. :

Experiments have been conducted reusing the beazor~ifliucride
‘without redistillation. The solvent has been recyclad faur times.
The polymerization seems to take place without any ser:..s _.ffi-
culiies. The cycling data iz given in the following table.

Cycle Time, hrs Yisld, %
1 4 g5
2 1 %0
b 2 86
y i 123

These results can be explained as follows. In eack of the cyecles

- listed 30 g of monomer were used in 270 g of solvent. In cycles 2

and 3 which were polymerized for less than 4 hr, some moncmer was

~unpolymerized. In the fourth cycle the polymerization was canducted

for % bhr so that all of the initial charge was polymerized ss well as :
the previously unpolymerized monomer giving a yield greater than

100% by about 7 g. These results indicate that a & hr polymerization
at 80°C is necessary to convert all of the monomer to polymer. The
iniringic viscositics obtained in each of these runs will be determined.

Copolymers of l-methyl-5-vinyltetrazole {IM5VTz} and 2«metr§yl-
5-vinyltetrazole (2M5VTz) have been prepared from monomer solutions
having ratiog of 1IMS5VTz to 2M5VTz of 3:1, 1:1, and 1:3. The 3:1 and
1:1 semples were chloroform insoluble buti were dimethylformamide
goluble. There was some indication that some polymer had formed
heterogenegusly. The 1:3 polymer was dimethylformemide insoluble and
2M5VTz homopolymer was chloroform insoluble after iwo weeks agitation
in these solvents. The polymers are probably insoluble because at the
time of the polymerization experiment only an infericr grade of
2M5VTz was available. It nas been obsgerved in the past that monomer
of low quality may give crosslinked and insoluble polymers.

c-8 -
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ALKYLHYDRAZINES?

Solution Oxidation

Elucidation of the mechanism in the solution oxidation of 1,1-
dialkylhydrazines 1s of importance because of a series of new
organic reactions of the ionic intermediates (R2P=NH+) formed from
the twc-electron oxidation of 1,l-dialkylhydrazines in acidic solu-
tion as well as the formation of polymeric tetrazenes. Little is
known abcut the stability of these intermediates, their basic che—ac-
ter, their reactivity, and mechanism of the coupling reaction.

~Previously it wes demonstrated that oxidation of mixtures of 1,1-

dimethylnydrazine and 1,1-diethylhydrazine resuited in the formation
of 1,1-diethyl-k,k-dimethyitetrazene in addition to the expected
products of tetramethyltetrazene and tetraethyltetrazeme. Isoletion

and purification of the pure unsymmetrical tetrazene was not attempted

et that time.

Recently work has been initiated on the separatiion of mixtures
of tetrazenes utilizing gas chromatography. During the past re-
porting period a Perkin-Elmer Model 154 Vapor Fractameter was used
to resnlve mixtures of tetramethyltetrazene, 1,l-diethyl-k, 4-
dimethyltetrazene, and tetraethyltetrazene at 90°C by the use of a
"X" column which contains polyethylene glycol of averagc molecular
weight of 1,50C on an inert media. With optimum conditions repeti-
tive runs could be reproduced within t 3% on known mixtures of
tetrametnyltetrazene and tetraetnyltetrazene. It is eatimated
that in anslyses, &3y camponent of a mixture cculd be actermined
within at least t 54 of its true amount. The separation of the
pyrolysis products of tetramethyltetrazene on the same column was
possible along with a partial identilication of the resolved com-
ponents. For higher boilirnig tetrazenes the "F" column which con-

tains a stationary phase of tetraethylene gljcol dlmethyl ether
may have scme application.

Solutisn oxidation of N,N'-diaminopiperazine with iodine in a
neutral to basic aqueous solvent buffered with a sodium carbonate-
sodium bicarbonate system gives rise to a solid polymeric tetrazene.
The polymer could not be purified by recrystallization because of .
its lcw solubility in the various solvents investigated. Efforts
were directed toward enhancing the solubility of the polymer by
attempting to terminate the polymer by the introduction of other
molecules which contain only one reactive hydrazine group. 1,1-
Dimethylhydrazine and 1,1-di-n-butylhydrazine did not give sucuessful
chain termination. It is believed that this result arises from the

TContributed by W. R. McBride, N. N. Ogimachi, E. M. Bens and
H. W. Kruse : )
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differences in oxidation potential between the diaminopiperazine
and the 1,l-disubstituted hydrazines.

¥ork has continued on the preparation of substituted hydrazines
which could subsequently be used in chain termination studies and
in hydrazine oxidation studies. HNitrosation of piperidine gave K- .
nitrosopiperidine (b.p. 96.2-98°C/10 mm) iu 844 yieid. Subsequent
reduction with LiAlH, gave N-aminopiperidine (45-48°C/10 ma) in
45.5% yield. The poor yield in the rzduction is pertially due to
accidental ignition of the reaction mixture and to difficulties in
removal of aluwinum and lithium ethylotes which are formed in the
decomposition of the reduction campicx. A portion of the N-amino-
piperidine was oxidized with icdine to give dicyclopentamethylene-
tetrazene (m.p. #4.8-46°C yield 87.5%. Anal. Calculated: C, 51.0;
H, 10.1; N, 28.9. Fcund: C, 61.2; H, 10.3; N, 28.6).

N-methylpiverazine was prepared by treating piperszine with
formaldehyde and reducing the polymer which is formed with powdered
zine and hydrochloric acid (ecrude yield 73%). Nitrosation of the’
crude product gave N-methyl-N'-nitrosopiperazine (b.p. 93-98°C/3-6
mm yield 19-1%). Subsequent reduction with LiAlH, gave N-methyl-
N'-aminopiperrzine (b.p. 76-78/12 mm yield 25.6%. Anal. Calculated:
C, 52.2; H, 11.4; N, 36.5. Found: C, 51.8; H, 10.5; N, 35.5).

Two other substituted hydrazines were prepared but the yields
were poor and purification of the final product has not been

accomplished. The campounds are 1,l-diethanolhydrazine and N-(g-

hydroxyethyl)-N'-aminopiperazine. :

¥ork is in progress to test the effectiveness of the above.
mentioned compounds as chaln terminators in the oxidation of N,N'-
diaminopiperazine. Efforis have also been initiated on the prepara-
tion of N-aminopiperazine. ’

c-10 - ol
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PHYSICAL CHEMICAL RESEARCH
COORDIMATION COMPLEX STUDIES’ 2

The svpposedly simple cobaltous azide has beorn vwder svdyr.
The mature of the material produced by the reaction of elhereal
Hlg with cebaltous carbonate ie vncertain. It dees nol anpear 4
be simply Collg)s, since there is seme evidence of aguation. Its
thermal decomposition at 140°C differs markedly from that of the
complex hexamminecobalt(III) azide in that all runs to date have
terminated in violent explosions with very little evoluticn of gas
prior to ignition.

ULTRAVIOLET STUDIESS®

In addition to the previously reported results, the trans-
mission characteristics of alpha-nickel sulfate hexahydrate at
liquid nitrogen temperatures were determined in the visible and
ultraviolet region. All necessary information for consideration of
this crystalline compound for filter application is now available.
However, several factors defer its acceptance pending the completion
of the feasibility study of a sample of nickel fluoride which was
prepared by Pennsylvania Salt Manufacturing Company in amounts
sufficient for the growth of single crystals by the Naval Research
Laboratory.

Several additional inorganic compounds were prepared at this
Laboratory. Nickel fluoride tetrahydrate was obteined by evapora-
tion over sulfuric acid of a solution of the amorphous compound in
48% hydrofluoric acid. Cobalt (II) fluoride tetrahydrate was pre-
pared by the action of hydrofluoric acid on cobalt (II) carbonate
followed by evaporation of the resulting solution over sulfurie
acid. Transmission measurements of pressed windows of these materi-
als confirmed the opinion that the absorption of the nickel (II) ion
is not attributed solely to its association with six water mole-
cules either in aqueous solution or in aipha-nickel sulfate hexa-

hydrate. Qualitative informetion was obtained on the transparency
of crystalline nickel fluoride, its color arnd index of refraction.
oAt bed by Taylor B. Joynor

 Thig nevtion of the vaperl 1t MILASIIRISD

2 Contributed by J. A. Happe and W. R. McBride
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GENERAL RESEARCH

CCMPCSITE PROFELLANTS

Analysis of-Propellant Mixes for NH; and MIDA'

Iscpropancl, methylethyl ketone, methyliscbutyl ketone and
toluene, were investigated for suitability as solvents in the
sparging method for determining NHz and MIDA in composite
propellant mixes. These were all used direetly from stock, without
drying, and suitability in terms of ammonia blank appesred tn be
chiefly dependent upon their water content as determined uy the
Karl Fischer technique. -

 Water content Blank, in terms of

Solvent Grazn/100 ml N/1 acid consumed

Izopropanol - 0.41 1.24 .
MEK 0.351 S

MIBX C.08 e

Toluene ~ " 0.01 0.0

The toluene result for "blenk” was surprising because visual com-
parisons gave the impression that this solveni would dissolve an
appreciable amount of ammonium perchlorate.

CCMBUSTION PRODUCTS FROM RAREZ

Construction is almost completed upon s device to sample solid
rocket exi.aust material from experimental desigrs of RARE. The
equipment consists of a piston and related equipment to injfect a
probe lateralliy intoc the rocket flame in & reprcducible manner.

The probe 1s constructed similarly to one previcusly deseribzd
(Ref. 2). It consista of twenty-five 1/8-in. diameter holes
1/b-in. apart in a bar of steel which serves es the sampie holder.
A 1/b- x 1/4-in. stainless steel bar with matching holes serves as

ontributed by R. H. Pierson
2Contributed by A. N. Fletcher, L. A. Burkardt,and G. ¥. Leonard
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ard to prevent sampling while- the prote is teing brought into

ion. Appropriate stops align the holes of the guard and the
2 holder when the probe is in its desired locaticon in the

ar A microswitch will te attached in order to measure the
nzth of time the prove is in the lamz.
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MILLICOULCMETRIC INVESTIGATICNS'’Z

The millicoulametric investigations previously presented have
been campleted and are to be published as NavQOrd Heport 3367.
This report presents, in detail, a method by which n-values in
polarography may be accurately and repeatably obtained. The method
is .designed to be employed with a Sargent Model XXI Recording
Pclarogreph. The investigations have shown that accurate milli-
coulametric results will be cbtained i current flow, as recorded
by the polarcgrapun, is measured with no electrical damping intro-
‘duced into the circult. A rapid technique of integration of the
strip-chart trace has afforded a converient means-of obtaining the
cculumb passage during tine test. Various parameters such as tempera-
- ture variation, oxygen contamination, and vitraticn effects have
teen evaluated and eliminated, when necessary, by careful design
of the apparatus involved. The resuliing method has yielded results
#ith the standard campound, p-nitrcaniline, whose n-value is 6,
of 6.15 with an estimated standard deviation of 0.17.

This method was applied to members of the /uanidine family
with repeatatle results. The results obtained indici*ed odd-
numbered n-values for some of the reductions under the conditions
of' the tests. Full understanding of these results must await -
further investigation of the chemistry of the reducticr. of the
imanidines.

A portion of this paper, presented by Gerald C. Whitnack at
the Symposium of Modern Methods of Elecetrochemical Analysis :
connected with the Congress of Pure and Applied Chemistry at Paris,
Frence, was well recelved by the audience. This report i3 to be
published with David N. Hume and Guy #¥illiam Leonard as reviewers
of tecnnical accuracy. '

YContributed by R. D. Ncaver
2Tnis portion of the report is UNCLASSIFIED
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EIZMENTAL ANALYSIS ‘ O —

2

Carton, Hydrogen and Nitrcgen Determination®’

uring the specirophotametric study of complexss of tetrsa-
alkylietrazenes with icdine in inert solvents such as carbon teira-
chloride, & solid product could be “solated fram toe reacticn of
tetramethylteirszene with lodine in reascnably pure form. 3ince
this material spontanecusly deccmposed with the literaticn of
iodine within 5-12 ain after preparation, & drastic limitation was
placed on the microanalytical procedure. In all cases it was
necessary to weigh the material on the microbalsnce, to place the
boat in the combustion train, to sweep the air froam the combustion
train, and to tegin the analysis prior to the decomposition of the
material. Iodine was determined semi-guantitatively as iodide %y
a spectropnotametric technique. Analysis was C, 9.93, 10.02;
H, 2.29, 2.35; N, 11.28, and I, ca. 75.9%. The weight loss on de~
compsolition as well as the analysis of the decomposed material was
determined. These analyses indica’e the adaptability of the micro
methods for the safe analyzis of materials inherently unstable.

Elemental Analysis by Gas Chromatography?’3

- Attempits at elemental analysis have been carried out in the
past on an oxidizing system. Considerable difficuliy has arisen
#ith this system as water and nitrogen dioxide cambine to react
with the column material. The molecular seive cclumn may asbsorb
carbon dioxide irreversibly unless the column ma‘erisl is nearly

.ahgdrous. The elution tlme of the earbon dioxide varies with
the moisture ccntent of ho column material, alss; making a gquanti-
tative method difficult al best. s ’

Since the Unterzaucher method for the direect determination of
oxygen utilized a reducing atmosphere, the pyrolysias product
usually consisted of carbon monoxide. The accepted methods for the
determination of the carbon monoxide rely upon its oxidation;
measuring the carbon dioxide produced or the amount of oxidizing
agent consumed. If all of the oxygen is not reacted to form carbon
monoxide, this amount escapes detection. The direct measurement of
the carbon monoxide producea and the residual carbon dioxide in
the gystem can be made using solld adsorption chromatography uti-
iizing a ailieca gel column. A reclrculating system is uged during
the pyrolysis which I3 then all introduced on the column at the same
time. Difficulties have been experienced with lesks but preliminary
results {ndicate the analysis of nitrogen and oxygen is possibla
on_the same sample.
TContributed by E. M. Bens and W. R. McBride
2This pertion of the report is UNCLASSIFIED
3Contributed by E. M. Bena
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IN¥RARED SPECTROSCOPY?

Approximately 100 spectra on gases, liquids, and solids have
served to identify structure, to determine impurities in materials,
and to characterize mechanisms of reacticns. Cf interest and added
to ihe catalog of reference spectra are the following: pguanylurea
perchlorate, hexaminemcnonitrate and hexafluoropentametinylenedi-
nitrate.

Transmittance measurements cn IA Irdomes have been made on
Cornlng G160 glass, calcium aluminate, and arsenic trizuifide. A
study of reflection losses c¢f various dcme compositions and geo-
metric configurations has been initiated. The drop in transmittance

as the curved surface of a dome is passed through the team at 2
microns is due to asymmetries in the transmitted beam. <{ylindrical
strip lenses are capable of refocusing the team on the entrance
part of the instrument.

ELECTROCHEMICAL STUDIES

Polarographic Determination of Fe(AA) in Polyurethane Propellants?

tudies indicate the possibility of directly

Polarographic s
determining the ferric acetylacetcnate {FeAA) content of a sample
of POLARIS propellant {Aerojet ANP 2622AF) frcm an ethanolic
2

extract of the propellant constituents. The ammonium perchlorate
(NH4C104) in the sazmple serves as the supporting electrolyte

‘The FeAA in the extract gives a well-defined wave at aynrox‘mately
0.55 v (vs. Hg-pool). Tia presence of N-2-hydroxyethyl-N,N' N'-
tris(2-hydroxypropyl)ethylenediamine (MTDA) tends to anft the
half-wave potential to more positive values. OSmall variations in
NH4C104 content apparently do not affect the FcAA wave.

A standard curve was prepared by transferring the weiyrhed eoa-

stituents to a volumetric f{lask containing 95% ethanol (EtOH),
shaking to dissolve the goluble constituents, and diluting to the

mark with mere EtCH. A Stock solution of FeAd was prepared in the
came manner. Fefd stock (1-9 ml) was added to 5 ml of the pro-
pellant extract and the resultant 10-ml solution flushed with
altrogen and polarographed. The wave heights cbtained were approxi-
mately 0.74 wa per mg of FeAA in the 10-ml polaroyraphic solution.

A series of standard samples (prepared at a later date) was
used to check the standard curve. The samples contained the expec-
ted weight % (tased on a 10-g ssmple weight) of all the propellant
Contrivuted by A. L. Olsen
2Contributed by 4. M. Ayres
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constituents. Preliminary resulis indica®e the FEbAué iz

1avle under tﬁe conditions imposed. Muriner studies wiith .
ztch samples of the preopellant wiil Le made and optimum

ictermiaed,

TAERMGMETRIC STUDIES

Jifferential Thermal Analysis?’@

Studies on cellulouz, cellulcce acetate {C.A.}, cellylose
nitrate (N.C.}, pentaerythritol trinitrate (PETriN}, pentae
tetranitrate {PETN), and 3,3-Bis / ;tr&tcﬁeth§1}~cxeiaﬂu were 20on-
tinued and a method of identificaticn with thermograms {s precently
seiag developed. ;

- ,*,.,.-{‘,‘4
ik e i L

H

H
‘n

Approximately 10 - 15 mg of material is mixed with 0.6 ; of
alminum oxide in a 10- x 75-mm test tube and placed in the urnace
far heating. The heating rate is controlled at 2°C per minutls in
5t cases. The thermograms thus produced are compared {or identi-
zging marks which characterizes that coampound. .

A second test tube (10 x 75 =), containing epproximately the
same amount of material as the abuve test tube, is fitted to sn
evacuated glass tube (2.5 ml) for gas sampling. ¥ork is now in
progress tor determining the constituents in the gazes expelled
during 8 thermal decooposition with a Perxin-Elmer Vespor Fracto-
meter.

JANAF-PANEL ON ANALYTICAL CHEMISTRY OF COLID PROPELLANTSZ73

The thirteenth meeting of the JANAF-PACSP was heid at rFrank-
ford Arzenal, Philadelphia, Pa., on 19-22 Hov. 1957. Only one
representative (the Pancl Chalirman) Crom NOTS was present. In
cpive of same obvious absences due to curtailsent of travel at many
military establichments, the attendance was good; there were atoud
4% visitors and 27 rr&n? "ord employees, neking & total of G, The
three talks Ly dpecial guests, Gullant, Gordon, and Zpurlin, were
very interesting and jenerated a large number of guestions.  Hound
Acbin No. 16 on 7 N in nitrocelluloce Ly the HOTS titrimetric
procedure has been completed and was profitably disousced at the
meeting. The Composite Group will emoark upon a ccoperative test
program regarding partlecle size distritution as determined by
Micromerograph. Three representatives vislited the nearby oftf'ice of

rontributed by J. M. Pakulak t

o6
j?x;; portion of the report i UﬁCLASYIrIaB
SGontrityted by H. H. Plerson
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the manufac-:rer ol tine equipment, oofained much valuactle informa-
tion and meie arrangements for a suprly of standard samplec
suitable for such a program. A collzctive report of ihe first 12
round robins of the Panel has ncow teen coampletzd through the roush
draft stage a¢ NOTS. Plans were made in the Ccmposite Group and
also the Ganeral Panel to btegin compilation of "Panel” methods, to
take the place of or to supplement the program formerly Jdirected
toward review of Mil-P-11G6CB cr its revisions. The next meeting
of the Panel 1s tentatively scheduled for June 1958 at Longhorn
Ordnance Works, Marshall, Texas.

CHELATION STUDIES!’2

Work has been started on the purification of some diamines’
which will te used in studies of the chelating atilities of these

materials with certain cations. Ccammercial R(2-hydroxyethylIN,N' N'-

tris(2-hydroxypropyllethylenediamine {MIDA), N,N,N' N'-tetrakis(2-
hydroxypropyl)ethylenediamine {Quadrol), and N,N,N' N'-tetrakis(2-
hydroxyethyl)ethylenediamine (TEDA), have been distilied in tne
falling film melecular still after degassing at 70°C fer a periocd
of 16 hr. The materials found in the liquid nitrogen traps are
mostly water with evidence of carton dioxide and a ketone which has
not been identified. The quantity recovered in the traps wus very
small, amounting to 1ess than 1% of the total charge.

IContributed by E. M. Bers and G. ¥. Leonard
2Thig portlion of the report is UNCLASSIFIED
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COMBUSTION RESEARCH

BURNING-RATE 3TUDIESY’2

reatment of Teflon or Kel-F with solutions o8 alkall metals
in liquid ammcnia results in & rapid attack that .5 visible o the
¢ye &5 a darkening of the surface. This surface treatment rezults
in & material which is capable of being bornded. 4 zmilder and more
controllable reaction can be obtained by using soluticns of alxasline
earth materials such as calcium, or alkali metal amides in liguid
amaonia. This also results in a surface capable of being bonded by
adhesives. The 2xact nature of these reactions is not known, although
gitemptis have been made to study them by infrared speciroscepy and
by analysis for nitrogen to determine if amide grouns had been added
to the polymer. The use of these treated polymer powders in pro-
pellant applications appears ito offer advantages over untrsated ma-
terials. Accordingly, various compositions are beinz prepared using
the treated polymers with oxidizers and metals. These mixtures are.
pressed into pellets and burned in s nitrogen atmosphere to deter-
mine the birning rates. Burning rates o these compositions vary
widely. The fastest and slowest rates obtained thus far are shown
in the examples below. .

Kel-F; B8; NH L1004 d = 1.92; Si = 100 cm.; at 1,000 psig,
B.R. = 1.4 ca/sec ’

Kel-F; B; MHgNO3 d = 1.86; S; =>180 cm; at 1,000 psig,
B.R. = 0.26 .m/sec :

{d = density, Si = impact sensitivity, B.I. = burning rate)

At presen* an investigation is undervay to find a better vehi-
cle to suspend the solid materials. Attempis are alisc being madse
to find other methods of treastment of the f{luorcecarton polymers
that could resull in improved propellants.

NITRIC ACID STUDIES2?3

Chemical shifts produced in the position of the proton
resonance by the additinn of nitronium perchlorste and gotassium
perchlorate tc nitric acid have been measurs<d. Ine data have been

ontributed by H. Williams and C. D. Stanifer
?This portion of the report is UNCILASSIFIED
3Contributed ty J. A. Happe and H. F. Cordes
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plotted as observed shift versus moles of sclute per mcle of nitric
acid. For both salts the plots are linear with the shifts being

toward lower field stirergth. The slope of the nitronium perchlorate

curve was 1hk cps per mole of sclute per mcle of nitric acid over
the range of zero to C.07 moles of solute per mole of nitric acid.
None of the points deviated by more than .9 cps fram the linear
plot. The potassium perchlorste data could be represented by a
straight line of slope 191 cps per mole of sclute per mole of nitrice
acid up to a solute concentration of 0.0C75 molec per mcle of nitrie
acid. The maxlmLm deviation of an individual point frem the linear
plot was 0.2 cp

Accurate measuremernts have also been méde cof chemical shifts
preduced by the addition of scdium perchlorate, an inert :alt, to
water atv 25°C. These experiments have been carried to a olute
concentration of 0.22-moles sodiur percenlorate per mcle of water.
The data when plotted as descrited ror tne niiric acid system do
not result in a linear plot tut lie on a smooth curve with an
initial slope of 280 eps per moie of solute per mole of water. A
shift relative to pure water of 32 cps toward higher field strength
was observed at the highest sclute concentraticon 1nveall”ated

Several experiments have been carried out in order to determine
the elfect of dilution on thz nroton resonance position for nitric
acid. Carbon tetrachloride und chlorzform have Leen used as sol-
vents for the anhydrous acid. Diluticn of nitrie acid w#ith these

. solvents shifts the reconance position to hiher fields as might
be expected for a decreacse in hydrogen bondin caused by dilution.
A shirt of 235 eps relative to water was observed for s 0.05-mole
fraction solution of nitric acid in carbon tetrachloride as cam-
pared 1o a shift of 265 cps ior the pure acid.

BORON-WITROGEN COMPOUNDSY??@

Studies have been started on two types of compounds involving
boron-nitrogen bonds, Tae first of *hese ls the reaction of
decaborane with several hydrazines Jnd anires and the second is the
attempt to form polymers of four membered boron-nitrogen ring
systems melelng hydrazines and boron trinailides as starting
materials. :

Although the nature of the reaction and products formed. is not
known with cectainty, it has been found that a nmwber of alkyl
hydravines will react with decaborane to form polymer-like materials

Lcuntrimmd by N. H. Fetter
“This poruion of the report is IMNCLAZSIFIED
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varying in consistency from thick fluids to stiff sclids. T.ese
materials are easily combustive, simple to prepare, insencitive
1o impact, soluble in acetone, and are available in s wide ran-e of

¢

consistencies, depending upon the hydrazzine or amine used. As an

3

example of a« typical preparation, approximately C.05 moles of 1,1~
iimeihglﬁgdragine are dissolved in 20 ml of benzene and 0.03 moles
of decaborane are added slowly under niircgen at roca temperasure.
The product, which is insoluble in benzene, is a 1liat yellow
tacky flﬁ%d which becames ctiffer when the benzene and excess
nydrazine are removed in a vacuum oven. Further experimeris are
plapned tg determine the nature of ithe reaction and iis productis.

Otner investigators have found that secondary amines of the
type RgNH (R = CFs or CoHs) will react with BCls or BBra to form
compounds lwith a four-membered horon-nitrogen ring

| < 2 R
A
VANVAN

I3 3 R

Xz

2HoNH + 2BXg = 2HX +. where X = C1 or Br.

It was thought that long chain polymers might be formed i 1,2-
dimethylnydrazine and similar compounds were employed because iney
~re essentially two secondary amines boaded through the nitroen
«toms of the molecule. t seemed feasible 1o use these bydracines
to make mélecules "in which the four-membered ring shown above could
te repeated many times.

Experiments with hydrazine, methylhydrazine, 1,2-diformyl-
hydrazine| and 1,2-dimethylhydrazine have been conducted using only
BBrg. 5o far no polymeric product nhas been observed, althoush 2
vi; orous reaclion always occurs. The exact composition of the pro-
ducts is unkncwn, but studies have been initiated to determine
tnelr character. -In a typical preparation, 0.1 moles of 1,.0-
dimethylhydrazine ar— dicoolved in 90 ml of anhiydrous Lengens.

BBra {0.1:moles) dissolved in 50 ml of benzene ig added dropwise
to the solution. The reaction mixturce is maintained at O°C and it
iz stirred continuousiy. At this point G.1 moles of either
pyridine or trictiylamine are addued to take up any HBr rormed. The
solid material in the reaction veusel is recovered by vacwsn £i1-
ration and ig recrystallieed {rom absolute ethanol. The benoone
is stripped Jrom tone filtrate by distillation to recover any
soluble, non-volatile products.

€-20 ' AERETNONEN
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E OF THE IR. ELECTROHNIC DATA FROCESSLIC MACHINE FOR QUALTU.
ECHANICAL CALCULAT IOT«SI’Q

During the present reporting period two subroutines which

"were written as parts of ilestet's integral itransformation progran

have been debugged. After Professcr Nesbet hes had a chance to
check them, they will be relativized and incorporated into the
integral transformation prosram. In the meanwhiie, codinz of the
simultaneous integration of three of the four 2-electron integrals
(exceptlon- the exchange interral) is well under way.

MECHANIS! OF ACETYLENE PYROLYSIS2’3

As part of the prorram in the study of acetylenic type fuels,
acet;lene has been pyrolvzer in a flow system at 700°C. The
products were mostly benzene with traces of methane, ethane,
eth;lene and butene, plus an undetermined amount of h:drogen.
Conversions were held to 7 or less. The disappearance of acetylene
obeyed second order kinetics. Deuterium was added %o the acetylene
in equal amounts in order to detect (ree radical intermediates.
Exchange with the acet;lene prevented accurate data on deuterium
addition to the products; however, the amount of benzene~d, formed
was low encugh to rule out benzene formation via a phen'l radical
process exclusively.

A 1:1 mixture of acetylene and acetone was photolyzed at
° J
350°C for 5 min. at a pressure of about 200 mm !Hg. Benzerne again

" was a major product and propylene was obtained as a new product.

“lhen the reaction was carried out with acetone-dg very little
deuteration was observed in the benzene. The propylene was a
mixture CDaCsHs and CDsCoHoD in about the same ratio of CDsH and
CD4 observed in the methane produced respectively.

This suggests that benzene is formed by a radical additior
process which is initiated in pyrolysis by the bimolecular reaction
of acetylere to form a bi-radical which adds to a third molecule
then forming benzene. ‘Yhen CDsy radicals are present the process
could be initiated by methyl radical addition to one molecule of
acetone forming CD3-CH=CH. This can abstract hydrogen to form the
propylene observed or add tc another molecule of acet;lene forming

'CD3-CH=CH-CH=CH which then adds to a third acetylene forming

CDz~CH=CH-CH=CH-CH=CH. The latter can oy ring closure and beta
elimination form benzene and resenerate the original CDz radical.
The mentadien and toluene intermediates have not been found; how-

ever, an effort 's being made to find them by mass spnctrometer
analygsis,

1. Contributed by D. 5. Villars
2 This portion of the report is UNCIASSIFIED
3 Contributed by G. M. Drew




NAVORD REPORT 5825

UnSTEADY BURNING OF PROPELLANTS!

A window bomb with a voluze of about 3.5 eu. in. for propel-
lant comcustion studies has beep desizned. It is heped that with
this vomb it will be possible to cobserve the behavicr of propel-
lants under the conditions of rapidly varyinc pressures such as’
occur in unsteady burning. 11 is intended thet the bombs shall be
used in conjunction with s motor driven rotatinc valve capable of
producing cyclic pressure variations of frequencies up to 330 cps.
Amplitudes will be inversely proportional ito frequency, but it is

ddbe

expected that amplitudes of the order of 20" of mean pressure will
be attainable at 100 c¢ps. )
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PROPZLLANT RESEARCH
SOLID PROPELLANTS®

Formulations

Several lots of propellant formulations, consisting of poly
2-methyl-5-vinyltetrazole (PMVT) (20% by weight) and micro-pulverized

NH4,C104 (80%) have been prepared. This formulation (referred to as
TAP 2080) is mixed in a sigma blade mixer, using acetonitrile as a
solvent for the polymer (1.3 part of solvent for part of polymer).
The mixture is then dried in a warm blower oven eithier as chopped
extruded strands or small chunks directly from the mixer. The
dried materiel is finally ground in a Wiley Mill. (The fric:.ion
gensitivity¥ is 30.8 kg - cm and the impact sensitivity 35 em with
a 2-kg hammer.) Much of the material prepared to date has been

- uged in propellant and ignitor campositions by the Propellant and

Explosives Department and the Weapons Development Department.

Compression Molding

Due to an inability to obtain high density, extruded strands on
the 20 PMVT- 80 ammonium perchlorate formulations, extensive burning
rate measurements are not yet available. Attempts to extrude
plasticized coupositions also failed to give high-density products.

In order to get satisfactory strands for the burning-rete studies,

and effort is being made to prepare them by compression molding. The
Wiley-milled material compression molds very nicely. Since the
thermal gtability of this composition appears to be adequate (no
spontaneous detonation at 250°C; l-sec temperature of explosion,450°C;
Taliani stability, slope = 0.35 at 110°C), a wider latitude in tempera-
ture is permitted during pressure molding. As the following figures
show, and as one would expect, the optimum temperature and pressure
depends upon the nature of the polymer and the particular conditions
employed during its preparation. Polymer, which contains methyl
cellulose (1.3% entrained during a suspension polymerization in water)
and which probably possessed some cross-links, required both higher
temperature end pressure to obtain plastic flow. For example, 115°C
and 35,000 pysi are the average minimum conditions required with several
lots of polymer made at the Naval Powder Factory; whereas polymer
prepared locally without methyl cellulcse and under more favorable

lontributed ty M. M. Williams

2PETN has a friction sensitivity of 37.1 kg - om; tetryl., 460.6;
and tetracene, 6.68.
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conditions in non-ayueous systems has been molded ai temperstures
and pressures as low as 95°C and 20,000 psi, respeciively. Q(n a

_TAP 2080 formulation, using NPF polymer, molding conditions of 115°C

and 60,000 psi gave a product with the same appesrance and density as
one obtained at 122°C and 50,000 psi. Densities of 1.79 g/cc versus

a theorstical value of 1.80 g/cc have been realized. Thermal stability
tests would seem to indicate that the molding temperature msy be
further increassed if s reduction in molding pressure is desired.

Three samples of esgsentially pure polymer of known inirinsic
vigcosity have been obtained. Although the quantity is limited, it
is hoped that both flow properties and tensile sirength can be measured
as & function of molecular weight on these samples.

Heats of Explosion

A round robin for standardization of calorimiters for heat of
explosion determinations, sponsored by Picstinny Arsemal, included
this facility. The tests have been completed and results submitted.

A study of the effect of metal additives on the heat of explosion of
compogite propellant formulations has been initiated. X-ray 4if-
fraction patierns of the solid residweswhich remain after burning

are being taken in order to characterize definitely the nature of the
end -products. ’
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