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COMPOSITE PROPELLENT CATALYSTS : COPPER CHROMATE AND COPPER CHROMITE

by

G. S. Pearson

SUNMARY-

The thermal decompositions of copper chromate and copper chromite hae

been examinr.d by simultaneous thermogravimetric analysis and differentitl

thermal analysis. Decomposition proceeds in successive stagesbultimately

yielding cuprous chromite and cuprous oxide from both copper chromate and

copper chromite.

Alternate successive exposure of the catalyst at 0oo-4220C to fti e .-..

(ammonia, isobutene or ethylene) and oxygen showed that after the initial

reduction, a redox cycle occurred between cupric oxide and copper. Both

stagts 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.

The relevance of these results to the mechanism of composite propellent

catalysis is discussed.
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1 IWRoDUC'rION

Modification of the bu~rning. rate of composit-e pro-pel-len-ts bas Io

ammonium -oerchlorste in a mittrix ot pol-ymeric fuel is frequently achi-eved

by addition of small amoants (abaut 1% by vmeight) of varous suýs tasnces,

In the U.K. the additive used to incr-*ase the htiralng rate ir often copper

chroa~te; in t~he U.S.A. copper chrom-Ite Ils trequeatly u.-d

The mechanrism. by which such cat-alysts axe effecetive bas long been

debated Attem~ts have been made to elucidate the detai -1-d mechanism, by

experiments with model mitrs2.However, the_ resullts of such experiments

are often ambiguous and the role of the coppwir-c-hromium ccounwd is sub3ject

to conject-ure.

Recent exoeriments have shown that such c.,talysts are effectiv~e in

experiments allso showed that- perchicric acid deccz~oses. exothermically on

copper 'zhromite c~ta.-'st. vhich simalt-aneously undergoess rSZ'tial cimmic-al

changes .The ability cf tranwition metal oxides to catalyse the decem-

I.- -:;he present work, these copper-chromium conpowids aria ch&aracterlse'!

* and their behaviour when heated or exp:osed to various reactive Cases is

studied. Evidence is presen~ted that -t reedox cycle is involved in the action

of such catalysts in mixtiures of gaseous fuel witb oxygen or perchioric

acid vapour. The results are discussed in reela-tion to the rolp of such

catalyst-s in the combuistion of asmanium. perchlorai-4 propellents.

-'2 EMRIWJDWAL MO) T1_7CIUFS

2.1 Materials

TNo samples of copper chrcmate and of copper cbxcomite Were used.

Supplementary experiments were made with cupric oxdde ~. The :&talysts auid

their sources are given in Table 1.

The gaseous reactants we~re perchioric acid vapo"i.t (obtained by
8vaporization of 72% by weight perchJloric acid (Hopkins oand Williams Ltd.)

anmonia (ICI Ltd.),, isobuteene (Air Products Corp.), ethyene, oxygen and

nitrogen (British Oxygen Co.) and methane (West Middle~ax Cou~ity Cmmnci
Main Drainage Dept.).
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2.2 Techniques

Simmlt-anecrus differential -thermal analysisl (DTA) and the.rnogravimetric

an±•1yss (TM) experiizents were made on the catalyst seples using a nitrogen

atmowsphere in a Stantcn thermobalance type TR-CX.

The apparatus previously used to study the iSnition of composite

oe~lont fuels was used to studly the effec' of reactive gases on the

catalyst samples. T.e catalyst was contained in the heated glass tube and

the gases introduced through another heated glass tube of smaller diameter.

TeMeratires were meastred using chrmel-alumel thermocouples with a

cold junction i. ice.

2.3 Al . methoCd
The cowposition -f the catalyst samples as supplied was determined as

S follows:

(i) Copper was determined iod-anetrically after reduction of Týhromiur-

SwiAth ulphur dioxide, except in the case of RIC copper chromite when the

ccqper vas datermined by atomic absorption spectrophotorpetry after 1'olution

in perchloric acid.

"(if) Chromium was determined ty titration of chrcmate jith ferrous ion.

V' was necessary to fuse the copper chromite samples with -usion

mixtm-e to dissolve them.

3

Before the chemical secbanism by which these catalysts are effective

could be elucidated, it was necessary to characterise the particular samples

-:f tcopcer chromate' and tcopper chromitet which are not pure cupric chromate,

Cu CrC0 1 or cupric cbror-ite, CuCr,0, respectively. This characterisation was

atade ivy chemical analysis of the copper and chromium content of each sample

and by simultaneous ITA and TGA.

1 3.1 Catalst cMositlons

The chemical analyses for each sample are shown in Table 2. It is

-o.ssible to da.• %e. 'rical formxiae by assuming that the copper chromate

ik aaif • lee are Cu~rO, x Cu(0;1) 2 and that the copper chrcmite samples are

Caer 2p.Oey 00C. This was done graphically by plotting the theoretical percentage

-Wmpositlow of copper and chromium for values of x in CLCrO4.x Cu(OH)2 from,0.5 to 3.0 and of y in CuCr0. CO from 0.5 to 10.0. The empirical fornxlae

correqpuding to the anal+ytical results are given in Table 2.
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3.2 DTA-TGA experiments

Samples of the catalysts were heated at 5 (eg C miin from ambient

temperature to 1100°C in a flow of nitrogen (white spot- 0,2 litre inI).

Percentage weight losses calculated frtxa the TGA results are plotted against

temperature in Fig.l.

Several weight loss stages are evident which may be identified from

the known ccpponents of the samples. The stages are thus tentatively

assigned to the following processes:

(i) Ambient - 425°C : Los.: of water

(ii) 425°C - 525°C : Cupric chroLmate -+ cupric chrowite

(iii) 7000 C - 850 0C : Cupric chromite-4 cuprous chromite

(iv) 875°C - 10000 C : Cupric oxide - cuprous oxide.

The simujtaneous DTA results show a series of endotherms and

occasionally an exothbrm. The positions of the peaks of these heat changes

are shown in Table 3.

The endotherms at 4700C, 740-80°C and 950°C may be assigned to the

processes (ii), (iii) and (iv) respectively found in the TGA results.

3.3 Reaction with gaseous fuels and oxidants

The effect of passing either a gaseous ful or a gaseous oxidizer over

a heated sample of the catalyst was exarmIned gravimetrically and by recording

the -emperat-re change of the sample when the gas was introduced.

3.35. Temperature changes

The temperature of the sample was monitored by placing a chromel-alumel

thermocouple so that the junction was covered by a layer of catalyst. It is

apparent that the temperature ch.riges recorded 'ill depend on the precise

position of the thermocouple and the results are therefore qualitative.

The experimental observations for a sample of copper chromate may be

summarized as follows I
(i) Methane was not reactive either alone or with oxygen.

(ii) Sinultaneous introduction of a ftel (ammonia or isobutene) and

oxygen cai.sed the catalyst to glow red hnt and a rapid temperature rise was

recorded. The glow was sustained as long as the gas mixture was introduced.



(iii) Alternate successive introduction of fuel and oxygen gases pro-
duced transient glows and temperature riies. Repeated exposure to a single

gas resulted in no marked heat release or visible glows on the second and

subsequent exposures.

(iv) Exposure of the sample to ambient air between the introduction of

fuel and oxygen caused the temperature rise on introduction of the oxygen to

be reduced.

(v) The temperature rise was greatest on the first introduction of

fuel vapour to a fresh sample of catalyst.

(vi) Subsequent exposure to fiel and oxygen is ineffective at

260-270"C unless the catalyst is reactivsted by beating to about 5006C,

e.g. by simultaneous introduction of fuel and oxygen.

(vii) At higher temperatures, about 4000C, the temperatare rise is
greater for isobutene than for ammonia, which is greater than for ethylene.

On the other hand, the temperature rise on the subsequent introduction of

oxygen is eimilar for each of these fuel gases.

Harshaw copper chromite behaved in a similar way except that the

temperature rise is greatest for ethylene and least for ammonia.

* 3.3 . GravimetriLc results
4

I The temperature changes showed that copper chromate and copper chromite

I eacted rapidly above 350 0 C with gaseous fuels (ammonia, isobutene and ethylene)

and o.Vgen 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-

j quent reaction with oxygen gas.

(ii) Reaction of fuel molecules with catalyst oxygen in the surface

layer, followed by replacement of the catal]rst oxygen from the gaseous

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'.hts

were used to distinguish between surface (ii) and bulk reaction (iii).

I!
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The gravimetric experiments were all made at 400-42O0C and followed a

standard pattern. Samples of the catayat, av supplied, were ffrst heated to

determine the water content. They were then exposed to fuel and oxidizer

gases alternately.

The percentage weight losses and gains observed for copper chromate

and copper chromite in ammonia, isobutene, ethylene, netbne or oxygen are
shown in Figo2. Methane was found to be unreactive thus confirming the
observation that no terperature change occurred on exposure to the gas.

Although samle weights of chromate and chrumite of o.16-o.46 and 0.37-0.97

gram respectively were used, the reproducibility was good and the percentax

weight changes were independent of samle weight thus showing that a bulk

reaction was involved. Further, the percentage veight losses were independent

of the nature of the Piel (amnonia, isobutene or ethylene) showing that

reduction of the catalyst was involved rather than an adsorption process in

which adsorbed fuel molecules were subsequently oxidized.

A more extensive series of experiments in which du_ licate samples of

each catalyst were used and which inciuded perchloric acid as an oxidi zer

are shown in Fig.3. The reproducibility vas observed to deteriorate after

the sanples had been exposed to perchloric acid vapour, suggesting that

surface reaction as opposed to bulk reaction had occunted. This was confirred

•y visual observation and by the dependence of the percentage weight change on

sample weight shown in Fig.4. The surface layer of the chrcmte and cbrcite

sanples 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 cbrcmate ion. No such chrcmte fnrmation was observed on exposure

to oxygen.

The -Wzpric oxide samples were effectively de-activated by exposure to

perchloric acid vapour because the percentage weight changes after acid attack

were reduced by a factor of 5 or 6 from those previously recorded. The cupric

oxide samples were also observed to reduce the amount of perchloric acid

fumes, presumably by catalysing the decoposition of the acid vapour. No

parall ti effect vas observed with the chromate-chromite samples, which suggests

that cui •ric oxide is a more effective catalyst for the decomposition of

perchloric acid vapour.

e

____ ___ ____ ___ ___ ____ ___ ___ ____ __ !
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4.1 Thermal deccmosition of copper chrorate and copper chromite

In addition to use as a ballistic modifier for solid propellents, copper

cbrcmite has wide commercail application as a catalyst, for exanple, in

automobile exhaust systems 9 in which it is used to achieve couflete oxidation

of carbon monoxide and of hydrocarbcns to carbon dioxide. Consequently, the

nature of the chemical compounds in coaier chromite catalyst and the effect

th-reon of heat have been studied.

An early study showed that cupric chromite-cupric oxide mixtures were

converted to cuprous chromite on heating Pt about 900OC:

~~~~204 + r ~~ 0L + (1)

The cuprous chromite produced was stated to be stable at room temperature but

reaction (1) could be completely reversed by heating in oxygen for several

hours at 600-7n0°c. Pure cupric chromite decomposed at temperatures above

900°C to cuprous chromite and chromic oxide:

2CuCr2 0 (2)Cu2Cr204+ (--203 + 2-2

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

S diffraction.

Yore recently, the CuO-C 2 O3 -copper chromite system has been examined by
11,12Charcoss-et et al using DYA and analytical methods. DIA of a cupric oxide-

chromic oxide mixti--re showed an exotherm at 375*C followed by an endotherm at
about 500"C. Analysis at 425°C showed that chromate vas present and it- -.-as

concluded that the exoth-erm corresponded to crystallization of the chromic
oxide (initially in the amorphfus state) ard forfation of copper chromate.

The erdotherm was assigned to the decomposition of the chromate to chromite

and this was confirced by DT4 of a sample of copper chromate. X-ray analysis

of the .uO-Cr 2 S sample above 800C showed that the cupric chromite had been
10

converted to cuprous chromite confirming the earlier observations .

A kinetic study shoved that cupric chromite was not obtained from a

CO-Cr200 32 ixture below 550°C even on heating for 24 hours. However, the

addition of 10% cupric chromite reduced the limiting temperature to below

4100C. Thermogrsvimetric studies of copper chromate at con.stant temperature

!.U
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showed that deccposition occumred at measurable rates at 400-4505C. The

.eaction is initially fatit but then slows dokn before accelerating again,

showing that autocatalysis is involved after the initial reaction. Chemical

and X-ray analysis indicated that the initial reaction was to cupric and

chromic oxides

2c=oýr-+ 2Mo + r2O3 + 3/2 02 (3)

which was then followed by formation of cupric chromite

Addition of 40A cupric chrorAte accelerated the deccuposition of cupric

chromate and autocatalysis was not observed. The chrciite was considered

to promote the direct formation of chromite from chroate without the inter-

mediate production of cbromic oxide:

2CuCrO"-4"CaC2O 14 + C + 3/2Q2  (5)

X-ray and ESM analysis of CuO-Cr2 0 mixtures13 have recently been interpreted
3-

to confirm the various reactions (1)-(5).

The decnosition of basic cupric chromate has also been studied14' 1 5 by

TGA. The deconposition war found to occur in stages - the first at 450-510eC

corresponding to reaction 15), the second at above 850C corresponding to

reaction (1) and finally at about 1100"C the &onversion of cupric oxide to

cuprous oxide:

20Co -+ C, o % ' (6)

The present work has confirmed that the processes involved in the

thermal deccuposition of chromate and chromite sanples are those of reactions

(5), (1) and (6) which correspond to stages (ii), (iii) and (iv) observed in

the TGA experiments described above.

It is turther evident from the relative weight losses at the various

stages in the TGA that both the Propellent and Hopkins and Williams copper

chromates are similar and tVat both contain cupric chromate and cupric
hydroxide. On the other hand, the two zamzles of copper chromite show
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appreciably different behaviour in the TGA experiments. Harshaw chrcrite

clearly has a larle content of ctupric oxide and relatively little cupric

chromite, whereas RIC chromite appears to have no cupric oxide after the

cupric c,ýromite to cuprous chromite transition (reaction (1)) has occurred.

* The RIC c.hronLte thus contains one mole or less cupric oxide per mole of

_4 cupric chromite. These conclusions are in good agrement with the analytical

results for cp.per and chromium content.

-.2 Reactl__ ith gaseous fuels and oxidizers

The use c metal cxides as catalysts for the oxidation of hydrocarbons
16-19

has long been It own , However, the precise mechanism is still not

established oince catalyst studies are frequently more concerned with the

relative efficacies of different catalysts than with the mechanism by which
18. osdrdt novthe catalyst is effective8. The mechanism is usually considered to %nvoi

adsorption of reactants on the surface of the catalyst followed by reaction

and desorption from the surface. Support for this comes from the similarity

in the patterns of catalytic activity for a range of metal oxides both for

hy.drocarbon oxidation and for oxygen atom recombination. However, there is
some agreement that in metal1 oxide catalysed oxidations tle metal ions in

the lattice undergo redox cycles in which the hydrocarbon reacts with the

metal ions in their high valency state and the ions are then reo:idized by

molt cular oxygen.

The effect of gaseous fuels and oxidizers on copper chromate or chromite

has been reported infrequently. An early study of a cupric oxide-cupric

chromite catalyst stated that after use in a liquid phase hydrogenation below

3000C the cupric chromite was largely reduced to cuprous chromite by reaction

(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

reduced catalyst was confirmed by X-ray analysis. It was found that the

copper was rapidly reoxidized to cupric oxide bat that the cuprous chro!ite

required a more extended exposure (4-6 hours) to oxygen at 650°C to reoxidize
20

it to cupric chromite. A recent paper 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 elaborate on the effect of the

chrocite.

The present work shows that alternate exposure of catalyst to fuel and

oxygen results in reproducible weight losses and weight gains respectively.

The weight losses are independent of vhether the fuel is awtonia, isobutene or

E- I



ethylene. This suggests that the fuels react vith the oxygen contained in

the catalyst Vadch is sa iltaneously reduced. The fact that the percentage

veight .baages are independent of the weight of the sanple of catalyst suggest

that this reaction involves the oxygen contained in the bulk of the catalyst

and not Just that present in the surface layer. Gas chromatographic analysis

of the product gases when isobutene is passed over copper chrcomate showed

that carbon dioxide was a product. The heat release in the reaction )f fuel

with oxygen in the catalyst will depend on the nature of the fuel.

Onr the other hand the effect of oxygen will be to reoxidize the catalyst

from its reduced state. The heat release for this reaction should be indepen-

dent of the nature of the fiel previously introduced.

The weight changes observed experementally at 400-4100C may be compared

with the calculated veight losses corresponding to the formation of cuprous

chrcmite and copper as the components of the reduced catalyst. Both experimental

and calculated percentage weight losses are given in Table 4. It is evident

that the total weight loss on exposure to a gaseous fuel does indeed correspond

tc reduction of the catalyst to cuprous chromite and copper. The veight loss

on heating is somewhat larger than that expected for loss of water from the

cupric hydroxide. Two possible explanations are that (i) the presence of I or

2% of water adsorbed on the catalyst sample would increase the weight loss of

the first stage with only a small effect on the other stages and (ii) the

flattening of the TGA curve for the chromate between the loss of water and

the onset of the chromate deccposition is not extensive and it is likely that

some decomposition may already have occurred.

The possibility of adsorbed water could well explain the 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 respectively for the third, fourth and fifth

stages of 4,, 1 and i% - and there was about 4% of water present, then the

Dercentage weight losses would be in good agreement with the experimental

observations.

It is- further evident that in the subsequent exposure to oxygen and

fuel the redox cycle involved is that of copper - cupric oxide. Samples of

Analar Lupric oxide were subjected to a similar cycle of event. The total

weight loss on heating with fuel was 20.5 in good agreement to the calcula-

ted loss of 20.1 for reduction to copper. Subsequent weight changes on

exposure to fuel or oxygen were about 7-10% but the reproducibility was

, m nIun nuu , • -, '
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worse than for the copper chromate or '.hromite samples. As the cupric oxide

sample efter exposure to fuel and oxygen alternately was observed to have

conglomerated, it is possible that this is the reason for the decreased weight

changes. It alpo suggests that the role of the chromate/chromite may in part

be related te preventing such conglomeration.

The effect of perchloric acid vapoar is to give an increased weight

change over that from oxygen but the interpretation of the experimental weight

charns is colicated 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 perchlorie acid resulted in a reduced overall weight loss

as compared to the weight loss observed on the exposure of fresh samples of

catalyst to fuel vapour. This showed that the perchloric acid had reacted

with the catalyst samples irreversibly as well as by forming the chromate.

After this irreversible weight increase from first exposure to perchioric acid

vapour no subsequent irreversible weight gains were observed. The most

pronounced effect was found with cupric oxide with a weight increase of about

21% and the reduction of the weight changes on exposure to fuel and oxidizer

to about 1%. The weight increases for the other catalysts were less pronounced

but were largest wirh the Harshaw chromite. These observations 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 aqueous extracts with silver nitrate solution. Oxychloride was present in

appreciably greater quantity than chloride.i These observations are in general accord with the observations made by

Wise et a12 3 that copper chromice (Harshaw) changes colour on decovposing

amonium perchlorate showing chromate formation and that this colour change is

not observed in the presence of ammonia.

4.3 Couposite propellent Qatalysis

The role of -hromate or chrcmite catalysts in the combustion of composite

pr-opellens nal -Oi ?-. czider-o The r-esent work has showa that these

cata4•ts •ar effective, at temperatures close to thosE pre-miling on the
21

prcpellent surface , in promoting the reaction of ammc-nia or olefins wV th

perchloric acid or oxygen. Tbder the same experimental conditio-s, a paraffin

hydrocarbon, methane, was unaffected. It has also been sho-wn that pronounced

heat release is observed both when these catalysts are exposed to fuel vapour

and subsequently to perchloric acid or oxygen. Fuvrther, under the hetero-

geneous conditions prevailing on the surface of composite propellents, it isi

:• • ",, .•... . . . ,• . m •-.•-••'• G•T''• ' °• "'- '•-'•" " " " " " ' m m m nunnmnnuu ..,n • - I
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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 an the catalyst particles on the surface of the propellent

will a priori enhance the bunin rate as a consequence of the increased

heat transfer into the solid propellent.

Such surface reaction,vwhich results in the reaction of a part of the

fuel and the oxidizer, may also enhance the burning rate through a second
22

effect in which the gas phase burning velocity is increased 
*

The catalyst may also be effective in other ways such as by promnoting
4f

the reaction of perchioric acid vappour with solid fuel or by modifying the
pyrolysis mechanism of the solid fuel.

Copper chromate (pro~ellent grade) aznd copper chrumite (Harshaw) may

be comared by the amount of oxygen available for initial reaction with the

fuel. This is greater (17.0% for chromlate than for ci'romite (141.2%) but

this is offset to some extent by the wrater present in the chromate (8.9%).
*On the other hand the amount of oxygen involved in the subsequent redox cyclie

(CuC - Cu2O - Cu) is greater -with. chromite (12.2%) than -with chromate (.')

*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 eiiphesised that after the initial reduction the chemical species

present from both copper chromate and copper chromite are the same, and the

samples then differ only in the relative amount of copper oxide and chromite *

5 CONCLUSIONS

The therma2 deccmpositions ci' copper chromate and chrouite have ie

honby TGA-DTA studies to proceed by the successive stages: cip~ chramate 4

c ipric chwomite -1, cuprous chromite followed by (if cupric oxide iiF present)

cupric oxide - ciprous oxide as the terperatur-e is increased from ambient to

about 1100'C.

that on the snrface of a burning propellent to ftel (ammo~nia, isobutene or

ethylene) and oxygen has shown that after :initial reduction to cuprous cbromite--

and copper, a r-edox cycle occurs between c-upric oxide - cuprous oxide - ccpper
whic isassociated 'with exothermic reactions both in the reduction and ox. da- j

tio stgesofthe cycle. Met ane-siefetv and ddntpriiaei
a rdo: yce.When peclrcacid was used as oxidizer,, an irreversible

weiht hane ocuredalog wththe oiaonpart of the redox cycle.
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I It is concluded that the enhanced heat release from such reactions on

catalyst particles on the surface of the propellent is one route by which thc

burning rate is enhanced.
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MME-iL FOM4LAE AMI MCSOY 2 OF' THE CA~rALY3T SAW-LES

Catalytt Source nceinal forAuia

Copper chrcmate Propellent grade
CU .2Ci(OH0

f Cuas C 062; Cras Cr0328

Copper chromate Hopkins and Williams Ltd.
Cuero.2CM(oH) 2

Copper chraite Harabaw CMemical Co.
Hars3ha catalyst Ca 0202p
Ca as CWO82; Cr asCr2 33 I17

Copper cbromite Research Inorg. Chem. Co.

Cupric oxide Hopkins and Williams Ltd.

Table 2

COPPER AND CHE0NI!D COMMENS ARD K-YMCAL POEMULA OF MHE CATALYST SAMPLE

CC c oppe kinsoi

as Ca as Cr I I - .. ...

Propellent chrcmate 48.4 13.7 CuCrO4. 1.75 Cu(OH) 2
H.& w. cromtte 46.o 1I.4 cuCCrO4. 1.4 cu',OH) 2

Harshaw cbromte 63.5 12.1 CuCr.o. 7.0 010
C cr 33.6 29.9 CuCr 204. 0.9 C•3 J

Cupric oxide78

I______________ - ~ -
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PcýSITI0N OF ENDOMMIS~ AIMf EXDOI±M IN THE DnFFEE.,TrIPI

ý.ERMA AMMLYIS OF Mil CATALYST SAMMPLES

Sample r Endotherms Exothenms
I 1

Harshaw chromite f7i42*984
RIC cbromite 120* '-3116*, 798 I -

IC'~ric oxide- 971nI

*These endotherms vere small, althou..gh definite.

Endotherm and exotherm temperatures in *C. -

P*

¶
I

r,.•-
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PERCENTAGE WEIGHT CHANGE
21

I ! COPPER CHROMATE (H &W)

is - _
16

HCI
14

X X
12

10!Xi

Q. vOl

_ _ _ _ _ _ _ .... _ _ _ _

S4 .. -- '02

x - -lso-B
__ __ ___ 0.-"-'NH 3S2 -_ 0-N

3
i2

"0 0 0.2 0"3 0"4 0-5 0"6

SAMPLE WEIGHT, GRAM

FIG.4. PERCENTAGE WEIGHT CHANGES WITH VARIOUS REACTIVE
GASES FOR DIFFERENT WEIGHTS OF COPPER CHROMATE

(H & w)iI
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