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ABSTRACT 

Thermoanalytical methods have been used to study calcium chromate (CaCrOa) 
samples. Thermal decomposition temperatures determined by TG in vacuum and by DTA 
in air could not be successfully used for screening purposes. Other thermorCrnvilllet,r~ 
studies in air indicate that TG can be an effective quality control tool in screening out 
samples which have an assay value below 97.05, CaCrOq. 3Iow complete analyses using 
TG in an argon atmosphere ~ Eve good results for CaC03 and H-,0 content as well as for 
total CaCrO_+. Reliable measurement of Ca(OH), was not achieved. Efflylent gas analysis- 
mass spectrornetry was used to identify gsseous products as a function of temperature, in 
order to verify interpretation of TG curves. 

Thcrmogravimetry, differential scanning calorimetry. nuclear magnetic resonance, and 
mass spectrometry have been used in an effort tu esplain the unusual weight loss 
observed between 400 and 600°C for many CaCrOl snmplcs. Cn(OH)2 decomposition is 
not the primary cause of this weight loss, as originally suspected, but instead the loss 
appears to bc due to volatilization of Hz0 trapped in the CaCrOJ crystal. 

INTRODUCTION 

Calcium chromate has long been used as the active cathode material in 
thermally activated voltaic cells (.thermal cells) of the type Ca/LiCI-KCI. 
CaCr04/Fe [l] _ Recent investigations at Sandia Laboratories and at General 
Electric Neutron Devices Depart.ment (GEND) indicate that, anhydrous cal- 
cium chromate should meet. certain standards in order to perform satis- 
factorily in thermal cells. The most import.ant requirement is a minimum 
assay value of 9’7.0% CaCrO,. Included among other requirements are that 
the samples contain less than 1.0% Ca(OH), and less than 1.0% CaC03. 

Methods of analyzing calcium chr0mat.e are time consuming, and in some 
instances, the results are of uncertain accuracy. _-1pprosimately 14 h are 
needed to complete the analytical procedures currently being used. These 
procedures include: high temperature drying of the sample, iodometric titra- 



tion of Cr(VI), EDTA t.itration of calcium, tit.ration of OH-, determination 
of CO:- by measurin g the volume of CO? liberated by acidification, emission 
spectroscopy, and particle-size analysis using a sedimentation method [ 21. 

In the present work, thermoanalytical techniques have been studied as 
potential methods for rapidly determining the suitabili’iy of calcium chro- 
mate samples for use in thermal cells and thermal batteries_ Thermal analysis 
obviously cannot. be used to make all of the above determinations, but it 
might. prove useful in evaluating the parameters most. critical to use in 
thermal cells. 

ESPERIJIESTXL 

Calcium chromate samples of various purities and from numerous sup- 
pliers were used in this investigation_ Some of the samples were intentionally 
synthesized to be of low purity while others had impurities added to them. 
Suppliers included: General Electric Neutron Devices Department, Apache 
Chemical Co., Barium and Chemicals, Inc., BDH Chemicals, Lt.d., Mineral 
Pigments Corp., Var-Lac-Oid Chemical Co., Spes Industries, Inc., and Gal- 
lard-Schlesinger Chemical klfg. Corp. One sample was made at Sandia Labo- 
ratories by a method described earlier [ 31. In order to avoid possible embar- 
rassment to any manufacturer, each of the CaCrO, samples was arbitrarily 
given a code designation_ Letters designate the manufacturer and each sample 
from that. supplier is given a different number. 

Thermogravimetry curves were obt.ained using a Cahn electrobalance 
system previously described [ 4]_ Samples weighed approsimately 20 mg and 
a constant heating rate of 10°C min-’ was used. Three “‘fferent atmospheres 
were employed : st.atic air. argon with a flow rate of 90 ml min-‘, and 
vacuum ( 10m3 torr). 

Differential t.hermal analysis curves were obtained wit.h a Stone differential 
therm-al analysis system employin, G a technique described earlier [ 51. The 
DT_-1 heating rat.e was also 10” C min-‘. 

Differential scanning calorimetric determinations were made using a Per- 
kin---Elmer 1Iodel DSC-2 with a flowing argon atmosphere, platinum sample 
pans, and a 10°C min-’ heat.ing rate. 

The effluent gas analysis-mass spectrometry (EG,1\-MS) apparatus has 
been described in detail elsewhere [ 61. Samples were heated at 5” C min-’ in 
an initial vacuum of -5 X IO-’ tori-. The range of atomic mass units, O-50, 
was scanned repeatedly_ Peaks were automatically int.egrated, and computer 
plots of relative intensity versus temperature were obtained. 

Nuclear :;lagnet;r. resonance (NMR) data were obtained using standard 
techniques and equipment previously described [ ‘i]_ 

Chemical measurements of CaCr04 purity were made by dissolving the 
sample in dilute HCi and determining the Cr(V1) using a standard iodometric 
titration procedure [ 81. Total water was determined by heating the samples 
tc 1000°C, absorbing the volatilized water OH Mg(ClO,),, and weighing_ It 
was assumed that the only carbon in the samples was in the form of carbon- 
ate_ The carbonate content. was determined simultaneously with the water 
by heating and absorbing the liberated CO, with NaOH on asbestos. 
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RESULTS AND DISCUSSION 

Differen tiai thermal analysis 

A survey of the literature concerning the thermal decon~position of cal- 
cium chromate [9] indicates that there may be a relationship between purity 
and thermal stability of CaCr04 samples. In general, it. has been observed 
that the greater the purity, the higher t.he thermal decomposit.ion tempera- 
ture_ Different.ial thermal analysis was used in an at.tempt to relate purity to 
thermal decomposition temperature. Typical DT_-\ thermal decomposition 
peaks are shown in Fig. 1. Although the shapes of these two peaks arc dif- 
ferent, no correlation was found involving the peak shape. 

Figure 2 shows the correlation between DT_4 decomposition temperatuw 
and purity measured chemically. Two samples of high purity showed cluitx> 
low decomposition temperatures, and in addition. the accuracy in deter- 
mining the decomposition temperature is rather poor (t 15” C ). Consequently. 
DT-4 decomposition temperature does not appe<ar to be a good parameter to 
use in screening CaCrO, samples. 

TIlerl?zogravii?zetr~ (vacuum) 

Thermogravimetry curves run in a vacuum were also used t.o measure t.hc 
thermal decomposition temperat.ure for the various calcium chromate 
samples. The vacuum was employed to lower the decomposition temperat.ure 
and bring it within the range of the TG furnace (-950°C mas.). :\ plot. of 
percent CaCrO, versus the thermal decomposition temperature for 10 
samples is shown in Fig. 3. The temperature reported was the temperature at 
which one-half of the weight loss had occurred in the t.hermal decomposition 
step. It. is apparent from these data that no useful con-elation can lw made 
between CaCr04 purit.y and TG t,hermaI decomposition temperat.urc. 

T~zer~no~a~!i~7~etr~~ (air) 

~1 variety of types of TG curves were determined in an air atmosphere for 
the CaCrO, samples. Some typical examples of results are shown in Figs. 3 
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Fig. 1. DTX curves for CnCrOJ samples E-3 and D-l. 
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Fig. 4. TG curves for CaCr04 samples H-l and E-1;. 

and 5. These particular curves show the results for two very impure samples 
(Fig. 4), some samples of high purity (D-l and C-l, Fig. 5): and some inter- 
mediate purity samples (G-l and B-l, Fig. 5). 

It appears that there is an empirical relationship between the percent 
CaCr04 in the samples and the weight loss observed by TG. The TG weight 
percent at 730°C was chosen as the critical parameter. In Table 1, this 
parameter is compared with the chemically determined CaCrO, purity_ The 
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Fig. 5. TG curves for CaCrOG samples D-l, C-l, B-l and G-l. 
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TABLE 1 

Comparison of CaCr04 assay and TG weight at. i30°C 

Sample % CaCr04 TG wt. 5 at 730°C 

-4-l 100.0 98.95 
D-l 99s 99.52 

C-l 99.4 98.35 
E-3 9S.6 9’7.56 
E-5 96.5 97so 

E-4 98.3 9i.S8 
E-11 98.1 9i.2.5 
E-S 98.0 9i.75 

E-6 9s.o 9i.53 
E-l-l 98.0 9i.40 
G-3 9s.o 97.20 

E-7 97.9 9’7.7.5 

E-9 97-9 9i.70 
E-l 6 (W) 9’7.9 9'7.36 

E-15 (Wj 97.9 97.29 

E-10 97.7 97.35 
E-13 97.7 g-i.15 

E-l’) 9’7.6 95.4s 

E-5 + 2.56 r; Ca(OH)I 
G-l 
E-3 
E-l 
E-5 + ‘7.8 c; Ca(OH), I 
B-l 
1-l 
E-5 + 14.S Ca( OH)1 
H-l 
E-l 7 

93.9 96.S8 
95.8 96.10 
9.5.2 95.84 
95.0 95.iO 

90-i 96.08 

90.1 96.05 

Si.4 96.03 

s3.7 94.20 

82.4 91 .SO 
6”.‘i 87.95 

agreement between those samples which met the purity specification (min. 
97.0% CaCrOJ) and those which maintained a TG weight percent of 97.0 or 
higher is very good. The correlation was poor for only one sample, E-12. 
There is no apparent esplanation for this anomaly_ For all other samples, TG 
weight percent at 730°C could be used to rapidly determine whether a 
sample would meet the minimum purity requirement. 

Samples E-15(W) and E-16(W) have the (W) designation to indicate that 
they were t.aken directly from the filter and analyzed while still very wet. 
The TG curve for E-15(W) is shown in Fig. 6. The sample was maintained at 
room temperature (25°C) for -70 min before reaching an equilibrium 
weight. Upon heating, additional water was lost with the large step -160- 
180°C due to the conversion of CaCrO, - H,O to anhydrous CaCr04 [lo] _ 
The TG curve above 180°C is similar to those observed for most type 
E-CaCrOJ samples which are normally dried 16 h at 140°C as part of their 
preparation. This drying is sufficient to convert the material to anhydrous 
CaCr04. In order to normalize the TG data for all samples, the TG weight 
percents listed in Table 1 are based on the TG weight at 180°C as 100%. 



These data indicate that it would be possible to remove calcium chromate 
samples directly from the filter or centrifuge and analyze them immediately 
via TG to determine if they will meet the purity specification. 

Thermogravirnetry (argon) 

A more complete quantitative analysis of the CaCrO, was achieved 
through TG studies in argon. The argon atmosphere was necessary because 
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Fig. 7. TG curves for CaC03 and Ca(OH)2 in argon. 
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Fig. S. TG curves for H-l and E-17 CaCrOJ samples in argon. 

one of the major impurities in CaCrO, is Ca(OH),. Ifhen heated in air, 
Ca(OH), loses Hz0 to form CaO, but some of the CaO reacts with the CO2 in 
the air to form CaCO, [ll]. Consequently, the observed weight loss for the 
Ca(OH), decomposition will be too small, and a weight loss attributable to 
decomposition of the CaC03 formed will be observed at higher temperatures_ 
The use of a CO,-free argon atmosphere prohibits this interfering reaction. 

Some representative TG curves in argon are shown in Figs. 7-9. Figure 7 
shows the curves for two major impurities (CaCO, and Ca(OH),) frequently 

0. w 

7 
9 

2 
n 

0.9s 

= 
3 - 
z 

O.Oi 

AT:.iOSPHERE. iRGON I90 nlirr;~nl 

HEATING RATE- !O ‘C:nln 

Fig. 9. TG curve for E-13 CaCr04 in argon. 
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found in CaCrO,. In Fig. 8, for E-17 CaCrO,, loss of HZ0 (absorbed and/or 
hydrated) is observed up to -350°C with a large H,O loss -425°C due to 
Ca(OH)2 decomposition_ This is followed by a loss of CO* from CaC03 in the 
600-700°C range. For H-l CaCrOq, the major event is a large CO2 loss 
indicating high CaCO, cont.ent. 

Figure 9 shows a TG curve in argon for CaCr04 sample E-13. This is 
representative of behavior of the purer samples and the weight loss steps 
are not as clearly defined. 

_%-ialyses of total HZO, Ca(OH),, and CaCO, content were made from TG 
curves in argon for 12 samples_ CaO content at 600°C was calculated based 
on the Ca(OH), determination_ CaCrO, content at 600°C was then cal- 
culated by assuming that the only significant impurities present at room 
temperature were H20, Ca(OH),, and CaCO,, and that, consequently, only 
CaO and CaC03 were present at 600°C. These data are compared with corre- 
sponding data based on chemical analyses in Table 2. It will be observed that 
the agreement is quite good. No values are reported for chemical analyses 
of Ca(OH), since no reliable chemical method of determining OH- in the 
small quantities present was found. 

The equations used for these calculations are as follows: 

% CaO 
mol. wt. CaO 100 

(600‘0 = s WOcfrom Cam) x -nl;l \\,t 
. . 

H o ’ 
2 100 - % H:!O(,,,,i, 

% CaCO,, 6ooL c) y ___.. ___!oo ___- 
mol. wt. CO, ’ 100 - % H,O(,,tai> 

EGA-mass spectrometry studies were used to confirm identification of 
the weight loss reactions observed in TG. The temperature for any given 
thermal event will be lower using EGA than with TG, because the EGA data 
were obtained in vacuum and the TG results were obtained in flowing argon. 
Agreement between the two methods was excellent recognizing that a l-to-l 
correlation in temperatures will not exist. 

Figures lo--l3 show the EGA results for four samples. For CaCrO, H-l 
(Fig. lo), a relatively small peak (400-500” C) is observed corresponding to 
the evolution of principally H20. The major EGA peak at 550-6OO”C is due 
to loss of co*. At higher temperatures (above 650” C), decomposition of the 
CaCr04 occurs as evidenced by the very broad 0: peaks in the EGA curve. A 
trace of SO’ is also noted which is probably indicative of a small sulfate con- 

- tamination in the sample. These results correlate well with the TG data for 
sample H-l shown previously in Fig. 8. The TG results (Table 2) indicated 
0.9% total H,O and 7.8% CO*. 

Figure 11 shows the EGA data for CaCr04 B-l. Again, the data correlate 
well with the TG results. These data indicate that the amount of HZ0 was 
higher and the CO;! lower for sample B-l than for CaCrO, H-l. These indica- 
tions are confirmed by comparing the data for samples H-l and B-l in Table 
2. Figure 12 shows the EGA results for CaCr04 I-l. An interesting feature 
here is that both Na’ and Cl’ were detected, indicating the presence of NaCl 



Fig. 10. EG4 curves for H-l CaCr04. 

in the sample. This may have been a side product. of the production process 
which was not t-horoughly removed. For esample, t.he CaCrO, may have 
been precipitated accordin, c to the reaction: CaCl, + Na,Cr04 -+ CaCrOj + 
2 NaCl. 

Figure 13 is interesting in that it indicates a large H,O loss for CaCrO, 
sample E-12 at high temperature (375 -575°C). The TG curves for this 
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Fig. 11. EGA curves for B-l CaCr04. 
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Fig. 12. EGA curves for I-l CaCrOG. 

sample in both air and argon are shown in Fig. 14, and a corresponding large 
weight loss may be observed in the vicinity 450-55O’C. Although good 
chemical analyses for Ca(OH), were not established, indications were that 
this sample did not contain sufficient Ca(OI-& to account for this weight 
loss. DSC curves were run for sample E-12 and compared with DSC curves 
for a sample known to contain large amounts of Ca(OH), impurity and for 
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Fig. 13. EGA curves for E-l 2 CaCr04. 
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Fig. 14. TG curves for E-l ‘7 CaCrOj in air and argon. 
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Ca(OH), itself. These data, which are seen in Fig. 15, indicate that the water 
released from sample E-12 is not due to Ca(OH), impurity. 

The belief that this Hz0 released around 500°C is not from Ca(OH), was 
further supported by NMR studies. The NMR investigations showed that the 
H,O which remained in the CaCrO, sample after heating to 400°C was 
present as water and not as hydroxide. In addition, a sample believed to be 
very low in Ca(OHiz content (E-5) was doped with 7.8% Ca(OH)2. A TC 
curve for that sample (see Fig. 16) was distinctly different from that 
observed for E-12 (Fig. 14), also indicating that the weight loss for E-12 was 
due to H,O from a source other than Ca(OH),. 

It was also observed that a great deal of movement occurred in the E-12 
CaCrO, sample at -500°C during the water loss. On occasion, a significant 
amount of sample actually jumped out of the TG sample pan. Thus, the 
water appears to be very tightly bound in the CaCr04 crystals themselves, 
leading one to suspect the esist.ence of a hydrated form of calcium chromate. 
Four hydrates of calcium chromate are known 1121: a hemihydrate, a mono- 
hydrate, and two different dihydrates. However, all four of these compounds 
lose their water of hydration at temperatures below 200°C. Mylius and von 
Wrochem report that, when calcium chromate hydrates are heated, pseudo- 
morphism can occur, forming materials such as CaCrOJ -l/4 HzO, and that 
the espulsion of water from the pseudomorphous material “begins only at 
considerably higher temperatures” [12]. The same authors also observe that, 
xvhen these materials are “heated to incandescence, they break up in a very 
striking way, forming a mealy powder.” They state that the water in the 
pseudomorphous substance is more tightly bound than in the normal 
hydrates. Thus, it appears that the type E samples in general and, in particu- 
lar, sample E-12 contain bound water which is not removed until tempera- 
tures in the vicinity of 550°C are reached. This conclusion is in agreement 
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with our TG, EGA, and NMR data as well as with the visual observations 
of the sample during heating. 

CONCLUSIONS 

Two techniques, DT,4 in air and TG in vacuum, have been used t.o dct.er- 
mine the thermal decomposit.ion t.emperature of t.hc CaCrO, samples. 
Attempts to establish a quality control screening method by relating the 
thermal decomposition temperature to CaCr04 purity have been ~~S~CC~SS- 
full. However, it has been shown that. TG in air offers promise as a rapid 
quality control tool for screenin g CaCr04 samples for use in t.hermal hatter- 
ies. Samples may be screened in this manner even when taken wet from the 
filt.er before any drying. The significant parameter appe,ars t.o be t.he TG 
sample weight at 730°C. This weight should not drop below 97.0’? (of the 
weight at 180°C) for acceptable samples. 

III addition, when TG data are obtained in an argon atmosphere, values for 
total H,O, CaCO,, CatOH),, and CaCrO, may be dct.erminecl. Comparison 
with chemical analyses indicate that t.he TG results are quite accurate for 
H20, CaC03, and CaCrOJ. _Xo accurate chemical analysis data are availahlca 
for comparison in the :zase of low concentrat.ions of Ca(OH), impurities. 

The final conclusion is that. many type E samples contain small amounts 
of tightly bound H,O which are released from the calcium cl1romat.c crystals 
in the vicinity of 500-550°C. 
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