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\ ABSTRACT

\

The overall stcecichiometries of the asmmonia-oxygen and ammonia-chlorine
{lame reactions have-been deduced {rom mass spectrographic analyscs of the
caseous reaction products and from reaction paramcters ror the opposecd=jet
diffusion flame. ‘The overall stoichiometry ol the anenia-oxygen ILlame
regetion, in the/pressure recion of 200 to 76O torr, 1ls best represented by

} alid
the equation o

B 000 sy ([ = 0 I

o 1t

C'Mhe volumetric reaction rate (M ) and hest volease b (?f"') fo

3 fu, max L o M x
this reaction are T7.3% mlemZmsec nd, 2582 10 -cal/cmj'-ssec*, respectively.
s e N

The ~verall stoichiometry ot the ammonia-chlorine rcactlon at pressures

ranging from 300 to T45 torr can be represented by

T NH, +3 Cl, ——————>3 5 NH,Cl + HC] + N,

The volumetric rate of reaction for this equation is 3.67 g,/mhj-sor:, which

corresponds to a volumetric heat release rate equal to -%Iﬁj‘caifcm’-snc.
A :
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I. INTRODUCTION

The obJoctive o cooeneeh bedne conducted under this contract, funded by
the Advanced Research Projects Agency, is to obtaln a better understanding of the
mechanisms of combustion, decomposition, and detonation of solids. Current in-
vestigations are concerned with the gas-phase reactlons associated with the
combust ion »1 composite solid propellants and their relatlonships to the energy

transport processes neel solid-propellant surincees,

II. TECHNICAL STATUS

A, CUMMARY OF PRIVIOUS WORIL

The flame reaction between ammonia and chlorine was studied by means
of the opposed=jet technique. It was observed that NHB-Clo flames were considerabiy
CLeult teoeetablish Bheoe NI =0 ond NH -NO, T'lames. The NH.-CLA flames

v boo unsbable ub pressures bOluW’ AJO tory (1yy'uL(:(iiuuuwx'r O« .) Kon

more di

accurate apparent ilimc strength (AFS) measurements. 'Ihe results ui AFS measurements
indicute that the overall order tor this reuction is 2.5 in the pressure range

of 500 torr to 1 atmosphere. Furthermore, the appsrent flame strength of this
syostem 1o considernbly Leon (.. {U“ Less ot L uLmusphwro) thaxn that tor the NHG-O?
system in the same pressure range. Other workers predicted that chlorine should
oxidize ammonia more rapidly than oxygen. Hoewever, at higher pressures, it is

belioved that chlorine may be the better oxidant.

The volumetric rate (fd%\'l’ max) of conmsumption of ummonie per unit
b

volume for the remction : I

o 1\1115 + 3 Cl2 ws—— }, NHI;CL + 2 HCL + N,

wus calaluted, on the bagis of ...palding $ unalysls ui oppured-det uzune F to be

5,18 g/c'n -gec at 1 atmosphere,
1 5.
release ‘ratg'-- (qma‘x)'oi" 85



“o . -s0 concentrution are inaccurste; therefore, it is the hiydrogen-nitrogen ratio that -

Btatus (cont.)

CURRENT AND PLANNED WORK

' 7 e gas~-phase reactions which are believed to occur above the surface
of burning composite propellants conteinine ammonlum perealernte () cav boli ‘
investicated.  'Me proposed mechanism (Reterence L) tor the detlagiuticn o.
ammoniun perchlorate stipulites that the sverall .inetle behavior of the
. - NIIB--UICiLO)F redox flame reaction above the solld suriuee Is governed by ot tonst
three competing ammonia cxidation reactions (namely, by 02, 012, and NO).
Experimental and theoretical studies designed to test this proposed mechanism

are currently in progress. 'The experimental phase of these studies is being
.earried out by the opposed-jet technique, which has been described proviowsty ...
(References 2 and 3). N 4 ' B

1. Combustion of Ammonia with Oxygen

One aspect of the kinetilcs problem of determining the 1ate
of heat release from the redox~zcne of burning AP involves the determination
of the stoichiometry of the pertinent gas-phasc renctions,  Conscauenitly, peoduet
. apalyses have been carried out to determine the stoichiometry (and excthermicity)
of the ammonla~oxygen flame reactions in the immediate region of flame extinguishment.:

Table 1 tabulates the coudilions und apperval flame streng th
data for opposcdejet oxperdments made at pressurcs ranging from 200 to Th5 torr.
Table 2 llsts the results of muss spectrocmphic analyses 65 the remctlon products
samplod Do e ofiaent shromrma o povers U o8 thoege ammenia-nyeen loes,

Yoo smepeing end aualytdecl techndques see sue Bhes e values o g0

is utilized in detemining the overall stoichiometry of the reaction. Sueh o

é ] procedure is valid since the datz indicate that cosontinily oll ol the oxygen
- in the reaction products appears in the water. Also, the datu indicate that
the HE/NQ ratic exhibits a small pressure dependency (decreasing with increasihg
meessure); however, ;t appears that the product distribution ol the NH5~O?
flame remction in this pressure reglon is characterized by a Il /N ratio ot
;'iﬁprbximately 0.5 to.ﬂ 6. Th;t conclusion is substantiatedvby the results of

~and WOiihaxd £he1erenes$4
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showed that, for a fuel-oxidant ratic of 5/3, the equilibrium HO/N2 ratio in
’ the flame was 0.55, This would seem to indicate that chemical equilibrium was
attained in the NHH-OH flames examined by means of the opposed-jet technique.

One of the chief features ~f the opposcd-jet tcchnique is that
it provides information concerning the ituel oxidant rati- (in the Vlome) ot
extinguishment, where the reaction rate is at its maximum. This intormation
has also been used to determine the overall stol. hiometry ol the‘NHB-Oﬁ flame
reaction. The results of an analysis based upon both combustion product
analyses and NH3162 ratios at extinguishment are presented in Table 3. This
table lists calculated coefficients ior the reactants (based upon product
analyscs) and for the products, based upon the measured NH5/02 ratios at
extinguishment. An examination of the data reveals a slight disparity between
the calculuated and measured values of the NH3/02 and HE/NQ ratios; however, it

is clear that the overall stoichiometry of the NH,-0, flame reaction is best

3
represented by the equation
- . 5 ) : 0\
‘)NH5+502—-——-—, SHy+ 58, 000 (1)
The volumetric reaction rate (M!'! ) calculated for this reaclion was .35
fu, max I

g/cma—soc which corresponds to a volumetric heat relesse rate (é&é;) of 2.52 x 10
cal/ew =gec,
The stolchiometry of the NH,~0_ flame reactlion postulated
> =

cariier in the program (Reference 1) differs from that represented by Equation

(1). The previous equation,
2NH3+02———-—) Hy + N, + 2 H,0 (2)

was based upen themodynamic calculations and corresponded tc volumetric reaction
und hent release rates of 4,81 g/cmﬁ-sec and 2.1h x th cal/cmB-scc, respectively.
Although the heat release rates are very nearly the same for both cases, the
values oi the NHE/O2 and HE/NZ ratios for the latter case do not agree with

those detemmined experimentally.

tape 9
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. .
. IV should e polnted out that e overwl L stolenlometry  Fquation
(l‘)} determined in thege studices doces not agree with thal deteiminea by othores v *
the NH.,)-O,, resnction In nonstlame systems. Stephens and Pease (Reference 5) have 3
fﬁmiic‘ﬂ this renctlion at temperatures ranging trom 525 to "(P.‘:OC using both flow "
and statlic systems. They found that the overall s-toiéhiomctry was best represented i
N, 45 0, =y 2 N, b0 IO (5 *
g Lot e cencetlor vabc reached o maximom tense vhe stoichiometric wlcture ,
’(I“HI,,‘/() Cwie sliphtly fese then 1.95). Also, AU Lo wo bl Anown thnt wmns bmum Ul
Cobcpertbiee o oare wnwor by obleined with omlatureos Lo Lettlomebrde propores b nge )
and Lhat moximum reactlon raten are expectod Jor mixtaros uese Lo thils compor it ion. :
. In the ecase of the Nl'{.,.)-(),‘, Tiame in the cpposgedajel, the noaxdmm renction rele

‘(zmd heut relesse rute) does nol wceur wiiin oh. colelfomebeiv mi £ (Ml,.’/"(), Ly o)
Tound with an Nliv‘,)/'(,t'ﬂ_‘ ratic ot :.m)rpximzn‘.u].y Po'pe Mope detnfded gbndieg of ”‘)?{3. '
:“;hgciun ‘h{ﬂx?r ")pg‘&(:«'nuliv‘:‘l. ] i:.u;;\.-".,fs b s auT e L o by “,_{i—_¥,:{ (;‘ypzw\:m,‘ “
nomaly. ' ' ‘ '
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-:'J'.!‘].\’L:‘.'-Li:‘ﬁ:?t!;'d: ‘13‘,‘," f'.v:"‘s;';‘.‘ oyt 1;h§' opposcd=lct Lochnique o conjunehion wlith o mose 3

It oatodlehlometry o thic reuction,

rebrometor in order be determdace v vers
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cerded out sl prvsomres i Lrom 00 Lo Pl Borre i
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“the vicinlty of [lume ex't,in(;'uj.shment‘, Ig uwpproxinetoely /0 To Uhe prorsure e jon

of' 350 16 650 torre  The dolc retio veiues nt 500 and (NG Lorr aiiter comewhat
fx'cm the average value i 2,25 boecuuse of dntcrcurnte tlow vabe datn, The ne
ffaéqu'acy :m‘i’.{tﬁese ;attcz* data is due primurily to the instubllity o1 the wmonine
chiorineAflagé at thése prégsures. On the bnasls of these resulta (ble &), the
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vhich accounts for the measured NH3/012 ratlo of 2,25. However, the results of
products analyses (Table 5) indicate that the HQ/N2 ratio in Equation (4) is too
high by a factor of about 30. An overall stoichiometry which is in better
agreement with the analytical results (neglecting Run No. L41) is represented

by the equation

T NH, + 3 Cl, =—————3 5 NH,Cl + HC1 + N, (5)

The ammonia-chlorine ratio for this equation is 2.33, which lies well within
the ¢ perimental orror of the extinction measurements. The umall amount (~ 2%)
el eercren detected in the reaction products is probably due to incomplete
reaction o1 the hydrogen formed in the flame as o resull oi thermaul breakdown

of NH5 to N. and I (Keference 4).
[ [

The volumetric rate of reaction of ammonia per unit volume for
Equation (%) has been calculuted on the basis of Spalding's analysis {Reference 1)
of oppused-jet flames to be 3.67 g/cmj-sec. This velue corresponds to a volumetric
heat release rate of éé;; - 9.92 x 107 cal/cmB-sec. These values and the overall
stoichiometry represented by Equation (5) differ from those predicted previously
(See Section IT of this report).

3. Reports and Publications

Three publications describing recent research achievements
are currently being prepared. The tentative titles of these papers are as follows:
"The Reactions of Ammoniz with Oxygen‘and Chlorine in the

Opposed~-Jet Diffusion Flame,” by F. J. Cheselske, R. I.
Chaiken, and D. J. Sibbett

"Surface Rate Processes and Sensitivity of Solid High
Explosives,”" by R. F. Chaiken and F. J. Cheselske

"Kinetics of the Decomposition of Anhydrous Perchloric

Acid,” by D. J. Sibbett and I. Geller

The paper by Sibbett and Geller will be submitted for publication
in the very near future. A technical memorandum comprising these publications
and other pertinent data, will be submitted in lieu of a fincl report for the year
ending Fsbruary 15, 1ool.

Page &
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i II Technical Status, B (cont.) Report No. 03%72-01-17
' An examination of the reaction between ammonia and the oxides
, of nitropen (N”O, NO, nnd NO, ) will be initiated in order to provide Informetion

needed to detfine the rate-controlling processes involved in ammonium perchlorate-

f

| ‘ A theoretical analysis of the theory of flame strength will be

continued.

s0lid propellant combustion.

III. PROJECT PERSONNEL

During the period covered by this report, the following personnel contributed
the indicated portions of their time to the program.

Time, %
——————————

F. J. Cheselske, Principal Investigator 100
R. F. Chaiken, Consultant 50
R. 3. Dodds, Senior Laboratory Technician 100

e o
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