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COMPOSITE PROPELLENT CATALYSTS : COPPER CHROMATE AND COPPER CHROMITE

by
G. S. Pearson - oy
v ey
. o~y

The thermal decompositions 6f copper chromate and cqppef chromite have
been examined by simultaneous thermogravimetric analysis and differen%i§1= '
thermal analysis. Decomposition proceeds in successive stages ultimately
yielding cuprous chromite and cuprbus oxide from both copper chromate and

copper chromite, :
Alternate successive exposure of the catalyst at 400-420°C to fuel

(armonia, isobutene or ethylene) and oxygen showed that after the initial
reduction, a redox cycle occurred between cupric oxide and copper. Both
stages of the redox cycle were associated with exothermic reactions. No
redox cycle was observed when methane was used as a fuel, When perchloric
acid was used as oxidizer, an irreversible weight change occurred, along
with the oxidation part of the redox cycle,

‘fhe relevance of these results to the mechanism of composite propellent
catalysis is discussed,
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1 INTRODUCTION

Modification of the burning rate of composite propellents bas . on
armonium perchiorete in g wetrix of polymeric fuel ig freqguentiy achloeved
by addition of smail smounts (about 1% by weight} of verious subsionces.
In the U.K. the additive used to imcr:use the buvraing rate ir oftern copper

chromate; in the U.S5.A. copper chromite is frequently used,

The mechaxrism by which such c¢stalysts ars effective has long been
debated ttemptes have been made to elucidate “he detailed meachaniswy by
experiments with model mixtures”z. Hovever, the resvlis of such experiments
are often ambiguous &nd the roie of the copper-chrocius compound is subject

tc conjecture.

Recent experiments have shown that such crialysts are effective in
promoting the ignition of (a) gasecus fuel - pevchloric zeid vapour’, {b) soiid
3 systems. These

8 ; . -
experiments aliso showed tha%t perchleric acid decamposes exothermically om

fuei-perchnloric acid vapour and (c) solid fusl - oxygen

copper chromite cstalrsi ich simltaneocusly undergoes rartial chemical
o] P . s .
changes . The &bility <f iransition metsl oxides to catalyse the dscom-

position of perchloric acid hes bteen confirmed by Solyaosi?.

In the present work, these copper-chromium compounde sre characterised
and their behaviour when heated or exposed to various xesctive gasez is
studied. BEvidence is presented that a redeox cycle is involved in the action
of such catalysts in mixtures of gasecus fuel with oxygen or perchioric
acid vapcur. The results are dis :;fssed in reiation to the »ole of such

catalysts in the combustion of ammoniwm perchlorais propellents,

4 EXPERIMENTAL AND TECHRIGUES

2.1 Materiels

Two samples of copper chramete and of copper chromite were used,
Suppiementery experiments were mede with cupric oxide. Tbz ~atalysts aud
their sources are given in Tsble 1.

The gaseous reactants were verchloric acid vapour {obtsined by
vaporizationa of T2% by weight perchloric zeid (Hopkins and Wilifame Lid.)
ammonia (ICI Ltd.), isobutene (Air Products Corp.), ethylene, oxygen and
nitrogen (British Oxygen Cc.) and methane {West Middlesex Couity Comncil
Mzin Drainage Dept.).

It
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2.2 Technigues

Simmltaneous differential thermal analysiz (DTA) and thermogravimetric
analyzis (TGA) experinents were made on the catelyst samples ueirg & nitrogen
atmesphere in a Stenton thermobalance type THR-(2, :

The spparatus previcusly used to study the ignition of composite
propellent fuelss vus used to study the effec’ of reactive gases on the
catalyat samples., The catalyst was contained in the heated glass tube and
the gases introduced through snother bheated glass tube of saeller diameter.

Terperatures were measured using chromel-alumel thermocouples with a

cold Junction i1 ice,

2.5 Aasalytica) methcds

The cemmosition of the cetslyst samples a5 supplied was determined as

follows:e -

{i) Copper was determined iodecwetrically after reduction of -hromium
with gulpmar dioxide, except in the csse of RIC copper chromite when the
cepper was determined by atomic absorption spsctrophotomeiry after volution
in perchiloric acid,

{(13) Chromium was determined Ly titration of chromate sith ferrous ion.

It was necessary to fuse the copper chromite sampies with fusion
mixture o dissclve them,

3 RESULTS

%efore the chemical mechanism by which these catalysts are effective
ctould be elucidated, it wes necessary io characterise the particular sasples
¢f fcopper chromate?! and ‘ecopper chromite? which are not pure cupric chromate,
CnCrGQ, or cupric chromite, CuCrEOL.}, respectively. This characterisation was
zade by chemical anaslysis of the copper snd chromjium content of each sample
and By simmltanecus ITA and TGA.

3.1 Catalyst compositlions

The chenmical snaiyses for each sample are shown in Table 2. It is
voseible 4o derive empirical formumiase by assuming that the copper chromate
sawples are Culrl,,X Cu(o.‘\i}z and that the copper chromite samples are
Cl;Cr204=y CuC. This was done graphically by plotting the theoretical percentage
compositions of copper and chromium for values of x im CrCr0.x Cu(OB)2 from -
054 32.0and of y in 0.1(2‘:2043 Cad from 0,5 to 10,0, The empiricsl formulae
corresponding to the araiyticel results are given in Table 2.
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3.2 DPA-TGA experiments

Samples cf the cataiysts were heated at 5 (eg C minJ from ambient
temperature to 1100°C in a flow of nitrogen (white spot: ©,2 litre min-’).
Percentage weight losses calculated frowm the TEA resulius are plotted against
temperature in Fig.J.

Severael weight loss stages are evident which may be identified from
the kxnowr ceamponents of the sampleg., The stages are thus tentatively
agsigned tc tbe following processes:

() Ambient
(i1) 425°C
(iii) T00°C
(iv) 875°C

§25°C : Los. of water

525°C ¢ Cupric chromate —+ cupric caromite
850°C ¢ Cupriz chromite - cuprous chromite
1000°C

'

i

Cupric oxide - ouprous oxide,

.

The simultaneous DTA results show 2 series of endotherms and
occasionally an exotherm. Tne positions of the peaks of these heat changes
are shown in Table 3,

The endotherms at 4705°C, 740-80C°C snd 950°C may be assigned to the
processes (ii}, {iii) and {iv) respactively found in the TGA results.

3.5 Reaction with gaseous fuels and oxidants

The effect of passing either a gaseous fuel or a gaseous oxidizer over
a heated sample of the catalyst was examined gravimetrically znd by recording
the temperature change of the sample when the gas was introduced.

3.3.1 Temperature changes

The terperature of the sample was monitored by placing & chromel-alumel
thermocouple so that the junmction was covered by a layer of catalyst. It is
apparent that the temperature chsrges recorded will depend cn the precise
position of the thermocouple and the resuits are therefore gualitstive,

The experimental observations for a sample of copper chromate may be
sumarized as follows:

(1) Methane was not ~eactive either alone or with oxygen.

(i1) sirultaneous introduction of a fuel {ammonia or iscbutene) and
oxygen caused the catalyst to glow ~ed h~t and a rapid terpersture rise was
recorded. The glow was sustained as long 23 the gas mixture was introduced.
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(iii) Alternate successive introduction of fuel and oxygen gases pro-
duced transient glows and temperature rires., Repeated exposure to a single
gas resulted in no marked heat release or visidble glows on the sascond and
subsequent exposures,

(iv) Exposure of the sample to arbient air between the introduction of
fuel and oxygen caused the tomperature rise on introduction of the oxygen to
be reduced,

v) The temperature rise was greztest on the first introduction of
fuel vapour to a fresh sample of catalyst,

(vi) Subsequent exposure to fiz¢l and oxygen is ineffective at
260-270°C unless the catalyst is resctivated by heating to about 500°C,
e.g. by simultaneous introduction of fuel and oxygen.

(vii)} At higher temperatures, abcut U00°C, the ‘emperature rise is
greater for isobutene than for ammonisa, which is greater than fcx ethylene.

On the other hand, the temperature rise on the subsequent introduction of
oxygen is cimilar for each of these fuel gases.

Harshaw copper chromite behsved in a similar way except that the
temperature rise is greatest for ethylene and least for ammonia.

3¢3.2 Gravimetric results

The temperature changes showed that copper chromate and copper chromite
reacted rapidly above 350°C vith gaseous fuels (ammonia, isobutene and ethylene)
and oxygen when these were introduced alternately. Several modes of reaction
are possible:

(i) Activation of fuel molecules by adsorption on the surface of the
catalyst (no interaction with the oxygen in the catalyst) followed by subse-
quent reaction with oxyger gas,

(ii) Reaction of fuel molecules with catalyst oxygen in the surface
layer, followed by replacement of the catalyst oxygen from the gasecus
oxygen.,

(iii) Reaction of fuel molecules with catalyst oxygen throughout the
bulk of the catalyst,

The changes in weight of samples of catalyst were determined to
distinguish between processes (i) and (ii) or (iii). Different sample we'ghts
were used to distinguish between surface (ii) and bulk reaction (iii).
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The gravimetric experiments weze all made et 400-4207C and followed a
standsrd pattern. Samples ot the catalyst, &s supplied, were £ rst heated to
determine the water content. They were then extosed to fuel and oxidizer
gases sltermately.

The percentage weight lusses and gains observed for copper chromate
and copper chromite in ammonia, isobutene, ethylene, methane or oxygen ave
shewn in Fig.2. Methane was found to be unreactive thus confirming the
observation that ro temperature change occurred on exposure o the gas.
Although sample weights of chromate and chromite of 0.16-0.46 and 0,37-0.97
gram respectively were used, the reproducibility was good and the sercentage
weight changes were independent of sample weight thus showing thst & bulk
reaction was invelved, Further, the percentage weight losses were independent
of the nature of the fuel (ammonia, isctutene or ethylene) showing that
reduction of the catalyst was involved rather than an adsorptica process in
which adsorbed fuel molecules ware subseguently oxidized.

A nore extensive series of experiments in which du; licate samples of
each catalyst were used and which inciuded perchloric acid as an oxidizer
are shown in Fig.3. The reproducibility was observed to deteriorate after
the semples had been exposed to perchloric acid vapcur, suggesting that
surface reaction as opposed to bulk reaction had occwrred. This was confirred
Dy visual obscrvation and by the dependence of the percentage waight change on
sample weight shown in Fig.4. The surface lay=r of the chromate and chromite
samples changed colour from black to a mottled reddish~-brown on exposure to
perchloric acid, and an alkaline extract of the modified sample was yellow
indicating clurcmate ion. No such chromete formation was observed on exposure
to cxygen.

The cupric oxide samples were effectively de-activated by exposure to
perchloric acid vepour because the percentage weight changes after acid attack
were redvced by & factcr of 5§ or 6 from those previously recorded. The cupric
oxide samples were also observed to reduce tte amount of perchloric acid
fumes, presumably by catalysing the decomposition of the acid vapour. No
parali:l effect vwas observed with the chrosate-chromite samples, which suggests
tnat cu ric oxide is a more effective catalyst for the decomposition of
perchloric acid vapour.
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4 DISCUSSION

4.7 Thermal decamposition of copper chroma’2 and copper chromite

In addition to use as a ballistic modifier for solid propellents, copper
chromite has wide commercisl application as a catalyst, for exanmple, in
autawobile exhaust systems9
of carbon monoxide and of hyrdérocarbecns to carbon dioxide. Consequenily, the
nature of the chemical compounds in copper chromite catalyst and the effect
thereon of heat heve been studied,

in which it is used to achieve complete oxidation

An zarly study’o showed that cupric chromite-cupric oxide mixtures were
converted to cuprous chromite on heating ot about 900°C:
b I's
CuCr,0p + Cu0 =+ Cu,Cr,0, + 30, . 1)
The cuprous chromite produced was stated to be stable at room temperature but
reaction (1) couid be completely reversed by heating in cxygen for several

hours at 600-7N0°C. Pure cupric chromite decomposed at temperatures above
900°C to cuprous chromite and chromic oxide:

1
20«101'204 - Cuz(h.‘zol; + f.)z‘203 + -?:02 . (@)

Reactants and products in both these reactions were identified by X-ray
diffraction.

More recently, the 0110—(:1:203-ccpper chromite system has teen examined by
Charcosset et al‘n’-12 using DTA and analytical methods. DTA of a cupric oxide-
chromic oxide mixture showed an exotherm at 375°C followed ty an endotherm at
about 500°C, Analysis at U425°C showed thet chromste vas present and it was
concluded that the exotherm corsesponded to crystalliization of the chromic
oxide (initially in the smorpnous state) ard formation of copper chrumate.

The erdotherm was assigned to the decomposition of the chromate to chromite
and this was confirrel by DTA of a sample of copper chromate. X-ray analysis
of the Mu0- 203 sample sbove 800°C showed that the cupric chromite had been

converted *+> cuprous chrcmite confirming the earlier observationsm.

A kinetic study showed that cupric chromite was not obtained from a
(’,'n.o-craC)3 nixture below 550°C even on heating for 24 hours. However, the
addition cf 10% cupric chromite reduced the limiting temperature to below
k10°C, Thermogrsvimetric studies of copper chromate at constant temperature
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showed that decomposition occuzred at measurable rates at 400-850°C. The
reaction is initially faus® but then slows down before sccelerating again,
showing that sutocatalysis is involved after the initial reaction, Chemical
and X-ray analysis indicated +that the initial reaction was to cuwpric and
chromic oxides

2CuCrCy -+ 20u0 + 01»203 +3/2 0, , (3)

which was then followed by formation of cupric chromite

Cn0 + Cry0, => CuCr,0y . )
Addition of 40% cupric chromite accels=rated the decamposition of cupric
chromate and autocatalysis was not observed. The chromite was considered

to promote the direct formation of chromite from chromate without the inter-
mediate production of chromic oxide:

2Culr0y = Culr,0y + Ca0 + 3/2 O, . (5)

X-ray and ESR analysis of Cuo-c:203 ;nj.xi:ura-:s.l3 have recently been interpreted
to confirm the various reactions (1)-(5).

The decomposition of basic cupric chromate has also been studiedm"!s by
TGA. The decomposition was found to occur in stages - the first at 450-510°C
corresponding to reaction (5), the second at above 850°C corresponding to

reaction (1) and finally at about 1100°C the Jonversion of cupric oxide to
cuprous oxide:

200 - Cu 0 + %02 . (6)

The present work has confirmed that the processes involved ip the
thermal decomposition of chromate and chromite samples are those of reactions
(5), (1) and (6) whickh correspomnd to stages (ii), (iii) and (iv) observed in
the TGA experimenis described above,

I+ is turther evident from the relative weight losses at the varicus
stages in the TGA that both the Propellent and Hopkins and Williams couper
chromates are similar and that both conmtain cupric chromate and cupric
hydroxide. On the other hand, the two zammies of copper chromite show
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appreclably different behaviour in the TGA experiments. Harshaw chromite
clearly hes a larpe conteuat of cupric oxide sad relatively little cupric
chrcmite, wﬁereas RIC chromite appears to have no cupric oxide after the
cupric chromite to cuprous chromite transition (resetion (1)) has occurred.
The RIC chromite thus contains one mole or less cupric oxide per mole of
cupric chromite. These conclusicns are in good sgrecment with the analytical
results for co.per and chromium content.

4,2 Reactiopr vith gaseous fuels and oxidizers

The use cf metal cxides as catalysts for the oxidation of hydrocarbons
has long beea Kt cwn%’}g. However, the precise mechanism is still not
established iilnce catalyst studies are frequently more concerned with the
relative efficacies of different catalysts than with the mechanism by which
the catalyst is effectivels. The mechanism is usually comsidered to invoive
adsorption of reactants on the surface of the cataiyst folicwed by reaction
and desorption from the surface. Support for this comes from the similarity
in the patbérns of catalytic activity for a fange of metal oxides both for
hwidrocarbon oxidation and for oxygen atom recombination. However, there is
sone agreement that in metal oxide catalysed oxidations tie metal ioms in
the lattice undergo redox cycles in which the nydrocarbon i1eacts with the

moli cular oxygen.

The effect of gaseous fuels and oxidizers on copper chromate or chromite
has been reported infrequently. An early stud,vw of a cupric oxide-cupric
chromite catalyst stated that after use in a liquid phase hydrogenation beiow
300°C the cupric chromite was largely reduced to cuprous chromite by reactiom
{1) which competed with the reduction of cupric oxide to cuprous oxide
(reaction (6)) and to metallic copper. The presence of metallic copper in the
reauced catalyst was confirmed by X-ray analysis, It was fownd that the
copper was rapidly reoxidized to cupric oxide but that the cuprous chromite :
reguired a more extended exposure (11-6 hours) %o oxygen at 650°C to reoxidize
it to cupric chromite. A recent paperzo ascribes the reactivity of such
cupric oxide - cupric chromite catalysts to the reduction of cupric oxide to

cuprous oxide and copper but it does not eleshorate on the effect of the
chromite.

The present work shows that alternate expcsure of catalyst to fuel and
oxygen results in reproducible weight losses and weight gains respectively.
The weight losses are independent of whether the fuel is ammonia, isobutene or

e on -
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ethylene, This suggests that the fusls reacl with the oxygen contained in
the catalyst wnich is simltaneously reduced, Tre fact that the percentage
veight chsnges are independert of the wsight of the sample of catalyst suggest
that this reaction involves the oxygen contaired in the bulk of the cntalyst
and not Just that present in the surface layer. Ges chromatographic analysis
of ihe product gases when isohutene is passed over copper chromate showed

thet carben dioxide was a product, The heat reicase in the reaction >0 fuel

with oxygen in the catalyst will aepend on the nature of the fuel,

Or the other hand the effect of oxygen will be to reoxidize the catalyst
from its reduced state. The heat release for this resction should be indepen~
dent of the nature of the fuel previocusly intreduced.

The weight chenges observed exper’mentally at 400-410°C may be compared
with the calculated weight losses corresponding tc the formatien of cuprous
chrcmite and copper as the components of the reduced catalyst. th experimental
and calculated percentage weight losses are given in Table 4, It is evident
that the total weighi loss on exposure 1o a gasecus fuel does indeed correspond
tc reduction of the catalyst o cupfous chromite and copper. The weight loss
on heating is somevhat larger than that axpected for loss of water from the
cupric hydroxide. Two possible explsnetions are that (i) the presence of 71 or
2% of water adsorbed on the catalyst sample would increase the weight loss of
the first stage with oniy a small effect on the other stages and (ii) the
flattening of the TGA curve for the chromete between the loss of water and
the onset of the chromate decomposition is not extensive and it is likely that
scme decompositicn may slreedy have occurred.

The possibility of adsorbed water could well explain tke apparent
discrepancy in the figures for the samples of RIC chromite. If the decom-
position of the cupric chromite was intermediate between the two cases
computed - with weight changes respectiveiy for the third, fourth and £ifth
stages of 4, 1 ard 1% - and there was about 4% of water present, then the

percentage weight iosses would be in good agreement with the experimental
observaticas,

It is further evident that in the subseguent exposure to oxygen and
fuel tke redox cycle involved is that of copper - cupric oxide. Samples of
Laalar cupric oxide were subjected to a similar cycle of evenis, The total
weight loss on heating with fuel was 20,5 in good agreement to the calcula-
ted loss of 20.7 for reduction to copper. Subsequent weight changes on
exposure to fuel or oxygen were about 7-10% but the reproducibility was
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worse than for the copper chromate or chromite samples. As the cupric oxide
sample after exposure to tuel and oxygen alternately was observed to have
conglomerated, it i possible that this is the reason for the decreased weight
changes. It also suggests that the role of the chromate/chromite may in part
be related to preventing such conglomeratiaon.

The offect of perchloric acid vapor™ is to give an increased weigat
change over that from oxygen but the interpretation of the experimental weight
char s is ccaplicated by the acid affecting only the surface layer. Visual
~oservation of the chromate/chromite samples after exposure showed that the
colour changed from black to a brownish-red., This was particularly evident
with the RIC chromite, which contains the least cupric oxide. Exposure to
fuel vapour after the perchloric acid resnlted in a reduced overall weight loss
as compared to the weight loss obeerved on the exposure of fresh samples of
catalyst to fuel vapour. This showed that the perchloric acid had reacted
with the catslyst samplies irreversibly as well as by forming the chromate.
After this irreversible weight increase from first exposure to perchleric acid

vazpour no subsequént irreversible weight gains were observed, The most -

proncunced effect was found with cupric oxide with a weight increase of about
21% end the reduction of the weight changes on exposure to fuel and oxidizer
to about 1%. The weight increases for the other catalysts were less pronocunced
but were largest with the Harshaw chromite, These observetions suggest that
the perchloric acid reacts with the curric oxide forming an unreactive species
such as a chloride or oxychloride. The formation of oxychloride and chloride
by reaction of cupric oxide with perchloric acid was confirmed by testing acid
and agueous extracts with silver nitrate solution. Oxychloride was present in
appreciabiy greater quantity than chloride.

These observations are in general accord with the observations made by
Wise et a.l23 that copper chromite (Harshaw) changes colour on deccmposing
amponium perchlorate showing chromate formatior and that this colour change is

not observed in the presence of ammonisa.

s,

4.3 Composite rropellent catalysis

The roie of chromate or chromite catalysts in the ccmbustion of composite
propellencs maY novi »? ccpfider-i. The r-escnt work has showa that these
catairzts are effective, at temperatures close to those prevailing on the
Frepellent sur*;’aceg s in promoting the resction of ammonia or olefins w'th
perchloric acid or oxygen. Under the same experimental conditio~s, a paraffin
Wydrocarbon, methane, was unaffected, It hag also been shown that pronounced
heat release is observei both when these catalysts are exposed to fuel vapcur
and subsequently to perchloric acid or oxygen. Further, under the hetero-
geneous conditions prevailing on the surface of composite propellents, it is
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possible that the catalyst particles are participating in a redox cycle
similar to that shown in these studies. It is therefore envisaged that the
heat release un the catslyst particles on the surface of the prope.ilent
will a priori enhance the burning rate as 2 ccasequence of the incressed
heat traasfer into the solid propellent.

Such surface reaction, which results in the reaction of a part of the
fuel and the oxidizer, may alsc enhance the burning rate through a second
effect in which the gas phase burning velocity is increasedae.

The catalyst may also be effective in other ways such as by promoting
the reaction of perchloric acid vapour with solid f'uel4 or by modifying the
pyrolysis mechanism of the solid fuel.

Copper chromate (propellent grade) and copper chrumite (Harshaw) may
be compared by the amount of oxygen aveailable for initial reaction with the
fuel, This is greater (17.0%) for chromste than for ckromite (14.2%) but
this is offset tc some extent by the vater present in the chromate (8.9%).
On the other hand the amount of oxygen involved in the subseguent redox cycle
(CuC - Cu,0 - Cu) is greater with chromite (12.2%) than with chromate (8.0%).
Their relative merits as burning rate or ignition catalysts will depend on
which factor is the most significant for the practical conditions concerned,
It should be emphesised that after the initial reduction the chemical species
present from both copper chromate and copper chromite are the same, and the
sampies then differ only in the relative amounts of copper oxide and chromite.

5 CONCLUSIONS

The thermal decampositions c¢f copper chromate and chromite have uveen

thown by TGA-DTA studies to proceed by the successive stages: cupric chrcmate-»

cipric chromite =* cuprous chromite followed by (if cupric oxide is present)
cupric oxide -=* cuprous oxide as the temperature is increased from ambient to
about 1100°C.

Alternate successive exposure of the cetalyst at a temperature closz %o
that on the surface of a burning propellent to fuvel (ammonia, isobutene or
ethylene) and oxygen has shown that after initial reduction to cuprous chromite
and copper, a redox cycle occurs between cupric oxide - cuprous cxide - copper
vhich is essociated with exothermic reactions both in the reduction and ox da-
lion stages of the cycle. Methane was ineffective and did not participate in
a redox cycle., When perchloric acid was used as oxidizer, an irreversible
welght change occurred, along with the oxidation part of the redox cycle.
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It is concluded that th:2 enhanced heat release from such reactions on
catalyst particles on the surface of the propellent is one route by which the
burning rate is enhanced.
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Table 1 g
NOMINAL FOEMULAE AND SCURCES OF THE CATALYST SAMELES 3
Catalyst Souzce nominal formiia
copper chromate | Fropellent 0gra.de
u as Cud 82; Cr as Cr0; 28 »
Cuopper chromate ! Xopking and Williams It4d. };:
Copper chromite | Harshaw Chemical Co. g
Hershaw Catalyst Cu @Q2p %
Cu as Cu0 &; &'asCr20§?? ~
Copper chromite | Research Inorg. Chem. Co. ;
Cupric oxide Hopkins 20d Williama Ltd. 3
Cu0 "Analar?! grade 5
Isble 2 ]
COPFPER AND CHROMIUM CONTERTS ARD EMPIRICAL FORMULAE OF THE CATALYST SAMPLES 3 )
g &%
- Copper | Chromiur ; 5
Catalyst as  Cu as Cr Empirical formuls K}
Propelient chromete | 48,k 13.7 CuCr0y. 1.75 Cu(CH), L
‘ H.& ¥.chromate ¥.,0 18,4 c‘,‘c:oa. 1.4 m{og)z g‘éﬂ
: > ‘ %
3 Eershaw chromate 63.5 12.1 cucg-eo . 7.0 G0 ?‘A. ‘%
y RIC chremite 23.6 29.9 | CuCr,0,. 0.9 cud g
3 Cupric oxide 78.5 - 98.2% cwo
(i

phik

vy e O AT

PP Rk 1 AAA TS i/




|
; ;]
- L i
é
; 15 €9/7
§
:
!
1
; o
§ Table 3
5 $SSITION OF ENDOTHERMS AND EXOTHERMS IN THE DIFFERENTIAL :
, HERMAL ABALYSIS OF TiE CATALYST SAMPLES
! F
i Sample Endotherns Exotherms j
Propellent chromete | 356, 479, 780, 956 bg7 j
i H, & V. chromate 257, 471, 769, 935 368 i
;
: Harshaw chromite 72X o84 -
’ RIC chromite 120%, 34E* 758 -
Cupric oxide a7l -
: * These endotherms were small, although definite.
; Endotherm and ezotherm temperatures in °C. !
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; FIG.4
: PERCENTAGE WEIGHT CHANGE
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Thie therwmal decompoattions of copper chromate and copper chromite have beun ' The therwal decamposit ions cf corner chromate and copper chromite have lLeen !
@amined by similtaneous thermogravimetric anulysis and differential trermal " examined by simultaneocss themograviwatric analysis and dffferentia) therwua)

aralysis. Decomposition praceeds in successive stages ultimately Yiel iing | analysis. Decompositiva proceeds in successive stages ultimately yielding
cuprous chromite and cuprous oxide from both copper chromete and copper ! cuprous chromfte snd Guy TOUS Oxide from both coppar chromale and copper '
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Mdox cycle #as observed when methane was used as a fuel. When perchloric
a 1d was used as oxidizer, an {rreversible weight change occurred, along
Tith the oxidation part of the redox cycle.

redox cycle was observed when methane was used as 8 fuel. When perchloric
acid was used as oxidizer. an irreversible weight chauge occurred, slong
with the oxidation part of the redox cycle.

The relesvance of these results to the mechantsm of composite propellent
catalysis {s discussed,

The relevance of these results to the mechanifsm of composite propellent
catalysis 1s discussed.




