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The formation of copper chromite by solid-state reaction between basic copper carbonate and 
chromium carbonate has been investigated. It has been established that the extent of reaction is 
98% even when the reactants are heated for I5 min at 800°C. The burning rate of 
polystyrene/ammonium perchlorate propellants containing mixtures of basic copper carbonate and 
chromium carbonate as additives was measured after prior heating at 800°C for different times. The 
catalytic action depends on the formation of fine grains of copper chromite. Although this is 
favored by high temperature, higher temperatures and longer duration of prior heating are 
unfavorable factors since these promote greater sintering. Experimental results show that 
optimization is obtained when copper chromite is prepared by heating a mixture of the carbonates 
in the weight ratio I : 2.37 at 800°C for 2 hr. 

INTRODUCTION 

It has been reported (1-8) that copper 
chromite enhances the decomposition and 
deflagration rate of ammonium perchlorate 
(AP). The effect of copper chromite on the 
deflagration rate of propellants has also 
been reported in some earlier communica- 
tions (9-12). However, the chemistry of 
copper chromite catalyst is not clear. Based 
on chemical analysis it has been recently 
reported (IS) that none of the commercial 
catalysts is copper chromite. For example, 
the empirical formula 9 CuO . Cr,09 or 8 
CuO. CuCr,O, has been suggested for 
Harshaw CuO202 catalyst. Strahle rt (11. 
(14) have reported that Harshaw catalyst 
CuO202 is a mixture of approximately 82% 
of CuO and 17% of Cr,03. It has been 
reported that copper chromite is formed 
during the calcination of mixtures of ni- 
trates (15) of copper and chromium at 
900°C for 24 hr and mixture of basic copper 
carbonate and Cr,03 (16) at 700°C for 2 hr. 
Very recently, calcined mixtures of basic 
copper carbonate and chromium carbonate 
have been found to be more effective burn- 
ing rate catalysts (17). 

Hence, it was thought interesting to 
undertake studies on (i) the solid-state 
reaction between a mixture of basic copper 
carbonate (BCC) and chromium carbonate 
(CC), (ii) the chemistry of copper chromite, 
and (iii) the catalytic action of copper chro- 
mite as a burning rate catalyst. In the 
context of (it, the time required for the 
formation of copper chromite at 800°C has 
been studied. The products were analyzed 
by chemical analysis and X-ray diffraction. 
TG studies on BCC, CC, and BCC/CC 
mixture in the weight ratio I : 2.37 was 
undertaken in order to understand the 
mechanism of the reaction. 

The burning rate of polystyrene (PS)-AP 
propellants was measured in the presence 
of these catalysts. The effect of the time of 
heating of the mixture of carbonates on the 
catalytic activity has also been investi- 
gated. 

EXPERIMENTAL 

Materials. Ammonium perchlorate (Cen- 
tral Electra-chemical Research Institute, 
Karaikudi, Madras, India) was used with- 
out any purification. Basic copper carbon- 
ate, chromium carbonate, CuO, and Crz03 
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were obtained commercially and were used 
in the form of fine powders as received. 
Styrene (Synthetics and chemicals Ltd., 
Bareilly, India) monomer was purified by 
fractional distillation and polymerized as 
reported earlier (18). 

PREPARATION OF COPPER CHROMITE 

Mixtures of BCC and CC were prepared 
in the weight ratios of 1 : 2.37, 1: 1, and 
3 : 1. The mixtures were homogenized in an 
agate mortar using acetone and allowed to 
dry. The dried mass was heated for differ- 
ent time intervals, e.g., 0.25, 1,2,5, 10, and 
24 hr, in a furnace which was maintained at 
800°C and controlled to -+lO”C. This tem- 
perature was chosen since the surface tem- 
perature of burning propellants is of the 
order of 800°C. Samples were taken out of 
the furnace two or three times during heat- 
ing. These were crushed and homogenized 
with acetone and again calcined at the same 
temperature in order to ensure complete 
solid-state reaction. 

Chemical analysis. Reaction products 
were treated with boiling cont. HCl in 
order to assess the percentage of copper 
chromite formed after calcination. The per- 
centage of residues, i.e., copper chromite, 
formed at various times are reported in 
Table 1. Copper chromite was confirmed by 
chemical analysis for copper and chro- 
mium. Copper was estimated as CuSCN 
gravimetrically and chromium volumetri- 
cally (19). The results are given in Table 1, 
which correspond to the calculated values 
(theor. Cu = 27.4%, Cr = 44.9%) within 
the experimental error. 

X-Ray diffraction studies. X-Ray diffrac- 
tion patterns of the reaction products ob- 
tained by calcining BCC/CC in the weight 
ratio 1 : 2.37 for 0.25, 2, and 24 hr at 800°C 
were obtained with the help of an X-ray 
diffractometer at BARC, Bombay, India 
using CuK, radiation. The products were 
found to be copper chromite since the d 
values in each case correspond to those 
reported for copper chromite in the powder 
X-ray diffraction file. 

TABLE 1 

Analysis of Products Obtained on Heating BCC/CC Mixtures at 800°C for Different Time Intervals and Their 
Catalytic Activity 

BCC/CC 
(wt ratio) 

Time of 
calcination 

(hr) 

Copper 
chromite 
formed 

(So) 

Chemical analysis 
of copper chromite 

Copper (%) Chromium (%) 

Catalytic 
activity 
(CA)” 

1: 2.37 0.25 
I 
2 
5 

10 
24 

1 : 1 0.25 
2 
5 

10 
24 

3:l 0.25 
2 
5 

10 
24 

98.6 
- 

99.1 
99.1 
99.1 
99.9 
49.0 
49.1 
50.4 
51.8 
52.4 
27.7 
27.4 
28.5 
29.1 
30.7 

26.9 
- 

26.8 
- 
- 

27.6 
- 
- 
- 

26.8 
- 

- 
- 

27.2 

45.3 
- 

44.4 

- 
44.4 

- 
- 
- 

45.9 

- 
- 
- 

45.2 

1.08 
1.77 
2.56 
1.53 
1.38 
1.37 
1.40 
1.52 
1.34 
1.33 
1.16 
1.29 
I .63 
1.49 
1.45 
1.19 

n C, = Burning rate of propellant + catalyst/Burning rate of pure propellant. 
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FIG. 1. TG plots for BCC, CC, and BCC + CC (I : 2.37 by wt) at a heating rate of 4°C min-‘. 

TG STUDIES ON BCC, CC, AND BCC/CC 
(1 : 2.37 BY WT) 

TG of (i) BCC, (ii) CC, and (iii) mixture 
of BCC/CC (weight ratio = 1 : 2.37) was 
carried out using a dynamic thermogravi- 
metric analyzer (P & D Division, F.C.I. 
Ltd., Sindri, India) at a heating rate of 4°C 
min-‘. The percentage weight loss is plot- 
ted against temperature in Fig. 1. The iso- 
thermal TG for BCC, CC, and (BCC + CC) 
at 275 r 1°C was also undertaken and plots 
are given in Fig. 2. 

PREPARATION OF PROPELLANTS AND 
MEASUREMENTS OF BURNING RATES 

Catulysts. The products obtained by 
calcining BCC/CC in the weight ratio of 
1 : 2.37, 1 : 1, and 3 : 1 for 0.25, 1, 2, 5, 10, 

and 24 hr at 800°C were used as catalysts. It 
may be noted that products obtained from 
1: 2.37 contain CuCr,O, whereas 1: 1 and 
3 : 1 contain mixtures of CuCr,O, and CuO. 
Depending upon the time of calcination of 
the mixtures of carbonates, traces of Cr,O, 
can be present due to incomplete solid-state 
reaction. 

Preparation of propellants. The propel- 
lant samples were prepared by adding 1% 
(by wt) of the above catalysts to the PS/AP 
(l/3 ratio by wt) system as reported earlier 
(20). These were cured in a thermostat 
maintained at 50°C for about lo-20 days. It 
may be noted that a processing difficulty 
was encountered in preparing the propel- 
lants with these catalysts. The matrix sticks 
to the glass moulds during curing of the 
propellants. However, propellant samples 
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FIG. 2. Isothermal TG for BCC, CC, and BCC + CC (I : 2.37 by wt) at 275°C. 

were removed by breaking the glass 
moulds. 

Measurement of burning rate. The burn- 
ing rates of cured samples were measured 
in the manner reported (17) earlier. The 
propellant strands were inhibited by apply- 
ing PVC tape to check the side burning. 
The strands were held vertically and ignited 
electrically with the help of a nichrome wire 
at the top. The time required for a certain 
length of burning of the strand was re- 
corded by a stop watch. The burning rate 
has been calculated by taking l/t where 1 is 
length of propellant strand (cm) and t the 
time (set) of burning. The burning rate data 
are plotted in Fig. 3. 

DISCUSSION 

Table 1 clearly shows that 98.6-99.9, 
49.0-52.4, and 27.7-30.7% of copper chro- 
mite are formed when the BCC/CC ratios 

were taken to be 1: 2.37, 1: 1, and 3 : 1 (by 
wt), respectively, and calcined at 800°C for 
different time intervals. However, the per- 
centage of copper chromite formed de- 
pends on the time of calcination. Copper 
chromite (98%) has been found to be 
formed within 15 min when BCC/CC mix- 
ture in the weight ratio of 1 : 2.37 was 
heated at 800°C. 

The reaction between BCC and CC can 
take place in either of the following two 
ways: 

(i) CuCOs . Cu(OH), . H,O 
e 2 CuO + CO, + 2H,O (A) 

Cr2CQJ3 * Cr,O, + 3C0, 0% 

CuO + Cr,O, -+ Cu Cr,O, (Cl 

(ii) CUCO:~ . Cu(OH), . H,O + 2 Crz(CO:J3 
-+ 2 CuCr,O, + 7 CO, + 2H,O 

The second mechanism does not seem 
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FIG. 3. Dependence of burning rate on the time of heating of the mixture of BCC/CC in the weight 
ratios 0, 1 : 2.37; 0, 1 : I, and 8, 3: I. Ambient temperature = 22°C. Catalyst added in the propellant 
(PS/AP = l/3) = I % (by wt). Burning rate of the propellant = 0. I19 5 0.005 cm/set. 

plausible since the reaction would be ex- 
pected to proceed by the migration of ions. 
The carbonate ion is planar and it cannot 
easily take part in transport processes due 
to its bulky nature. The basic copper car- 
bonate has a complex structure and hence 
the first mechanism involving three basic 
steps seems to be more acceptable. This is 
understandable since heterogeneous equi- 
libria for BCC and CC would be repre- 
sented by (A) and (B) and it is obvious that 
if CuO and Cr,O, are constantly removed 
by the formation of copper chromite, the 
equilibria in both (A) and (B) would be 
shifted toward the right. 

In order to find out whether decomposi- 
tion of metal carbonates is enhanced in the 
presence of other metal carbonates or for- 
mation of copper chromite alone is en- 
hanced, TG studies were undertaken. The 
experimental TG plots reported in Fig. 1 
showed loss in weight for BCC, CC, and 
(BCC + CC) of the order of 30, 44, and 

41%, respectively, up to 800°C which is in 
good agreement with the calculated values, 
i.e., carbonates are converted to their re- 
spective oxides. In order to check the en- 
hancement in the decomposition of BCC + 
CC mixture, isothermal TG (Fig. 2) was 
studied at 275°C. It seems that neither the 
extent of decomposition nor the rate of 
decomposition is enhanced for individual 
carbonates in a mixed system. The copper 
chromite formation alone is enhanced since 
the reaction is found to be completed even 
in I5 min. This is understandable since the 
decomposition of BCC and CC would yield 
fresh particles of oxides which would con- 
tain a large number of defects and disloca- 
tions. Hence these would be more reactive 
and consequently copper chromite forma- 
tion would be enhanced. 

The catalytic activity (C,) of copper 
chromite and the mixture of copper chro- 
mite, copper oxide, and Cr,O,, (in traces) 
has been measured where C, is given by: 
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C 
A 

= Burning rate of propellant + catalyst 
Burning rate of pure propellant . 

The values of CA are given in the last 
column of Table 1. It has been found that 
the burning rate is enhanced in each case. 
Experimental results show that catalytic 
activity depends on the time of calcination. 
Figure 3 shows that it is true for all the 
catalysts prepared by calcining the mixture 
of carbonates (BCC/CC) in the weight ratio 
of 1 : 2.37, 1: 1, and 3: 1 at 800°C. Initially, 
the burning rate increases with the time of 
calcination after which it attains a maxi- 
mum value and then decreases with in- 
crease in the time of calcination. This is due 
to the fact that because of the longer dura- 
tion of heating, a greater extent of sintering 
takes place and the efficiency of the catalyst 
is gradually reduced. In the case of all the 
mixtures studied, the burning rate attains a 
maximum value when it is heated for 2 hr. 

The extent of copper chromite formation 
would depend on temperature and duration 
of reaction. For efficient combustion cata- 
lysts, the particle size has to be controlled. 
Sintering and formation of aggregates of 
particles which are favored by higher tem- 
perature and duration of heating have to be 
avoided. In order to have an efficient cop- 
per chromite catalyst, it is necessary to 
optimize the temperature and duration of 
heating. From Fig. 3, it follows that opti- 
mum conditions are obtained when pure 
copper chromite (BCC/CC = 1 : 2.37) is 
prepared at 800°C and preheted for 2 hr. 

ACKNOWLEDGMENTS 

Thanks are due to CSIR, and Department of Science 
and Technology Government of India, New Delhi, for 
financial support and to the Head of the Chemistry 
Division, BARC, Trombay for X-ray diffraction pat- 
terns. Thanks are also due to Dr. Ram Raj Singh for 
helpful discussions. 

I. 

2. 

3. 
4. 

5. 

6. 
7. 

8. 

9. 

IO. 

II. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

REFERENCES 

Keenan, A. G., and Siegmund, R. F., &art. Rev. 
23, 430 (1969). 
Jacobs, P. W. M., and Whitehead, H. M., Chem. 
Rev. 69, 551 (1969). 
Singh, G., J. Sri. Ind. Res. 37, 79 (1978). 
Inami, S. H., Rosser, W. A., and Wise, H., 
Combustion Flame 12, 41 (1968). 
Inami, S. H., and Wise, H., Combusfion Flume 
13, 555 (1969). 
Pearson, G. S., Combustion Flame 14, 73 (1970). 
Inami, S. H., Rajapakse, Y., Shaw, R., and Wise, 
H., Combustion Flame 17, 189 (1971). 
Boggs, T. L., Zurn, D. E., and Codes, H. F., 
American Institute of Aeronautics & Astronautics, 
13th Aerospace Sciences Meeting, Pasadena, 
Calif., Jan. 20-22 (1975). 
Summerfield, M., Sutherland, G. S., Webb, M. J., 
Taback, H. J., and Hall, K. P., “Solid Propellant 
Rocket Research,” p. 141. Academic Press, New 
York, 1969. 
Stammler, M., and Schmidt, W. G., The Combus- 
tion Institute Western States Section Meeting, 
Paper WSCI-6626 (1966). 
Horton, M. D., and Rice, D. W., Combustion 
Flame 8, 2 I (1964). 
Lengelle, G., Brulard, J., and Moutet, H., 16th 
International Symposium on Combustion, The 
Combustion Institute, Pittsburgh, Pennsylvania 
1257 (1976). 
Boggs, T. L., and Zum, D. E., Chemical Propul- 
sion Information Agency, 10th JANAF Combus- 
tion Meeting, CPIA Pub]., 243, Vol. I, 121 (1973). 
Strahle, W. C., and Handley, J. C., Second An- 
nual Summary Report-Research sponsored by The 
Office of Naval Research ONR Contract No. 
N0014-67-A-0159-0016 (1974). 
Muller, F., and Kleppa, 0. J., J. Inorg. Nucl. 
Chem. 35, 2673 (1973). 
Rastogi, R. P., Dubey, B. L., Lakshmi, Das I., 
and Shukla, C. S., Indian J. Chem. 16A, 748 
(1978). 
Rastogi, R. P., Singh, G., and Singh, R. R., 
Combustion Flume 33, 305 (1978). 
Rastogi, R. P., Kishore, K., and Singh, G., Amer. 
Inst. Aeronaut. Astronaut. J. 12, 9 (1974). 
Vogel, A. I., “A Text Book of Quantitative Inor- 
ganic Analysis,” pp. 311, 491-497. Longmans, 
London, 1968. 
Rastogi, R. P., Singh, G., and Singh, R. R., 
Combustion Flame 30, 117 (1977). 


