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A study of the thermal decomposition in air of zinc chromates from several 
sources was conducted using thermograv-imetry, chemical analysis, emission spectro- 

scopy and X-ray diffraction analysis. Four zinc chromate samples were obtained from 

commercial suppliers and four others were prepared in this laboratory. The zinc 
chromates were identified as various materials depending on the method of grepara- 

tion. Compounds either identified or postulated included 4ZnCt-0,. K=O - 3Hz0 (I), 

2ZnO-CrO, -H,O(II), 4ZnO-G-0, - 3 H,O (,III), ZnCrO, (IV). 5ZnO - 5Cr03 - NazO - 

3H,O(V) and 5ZnO-4CrO,-Na20-5H,O(VI). Upon heating to 9OO”C, com- 
pound I undewent a four step decomposition to form ZnO, ZnCr20, and K,CrO,. 
Compounds Ii and III each decomposed in two steps to form ZnO and ZnCr20,_ 

The thermogram for compound IV showed only a single step with the final products 

also being ZnO and ZnCrzO,_ The decomposition of compounds V and Vi each 
involved two steps with the formation of ZnO, ZnCrzOa and Na,CrO,. Chemical 

analyses gave assay values for the zinc chromates ranging from 10.2 to 96.9% 

ZnCrO,. 

l?.TRODUCTION 

Because of the use of zinc chromates as depolarizers, or active cathode materials, 

in thermally activated volt& cells operatin g at temperatures in excess of 45O’C, the 

properties of zinc chromates are of value. In order to ef?icientIy design such thermai 

cells, to effectively and reproducibly prepare the depolarizer material, and to accurate- 

ly analyze cell discharge data, it is important to have a knowledge of the composition 
and the thermal stability of the zinc chromates. Thermogravimetry, X-ray diffraction 

analysis, chemical analysis and emission spectroscopy have been used to obtain the 

desired information. The goals of this program were: (1) to determine the com- 
position of a variety of zinc chromate sampIes and (2) to study the thermal decom- 

position of these samples. 

*Presented at the 4th North American Thermal Analysis Society Meeting, Worcester, Mass., 
June 13-15. 1973. 
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Zinc chromate was obtained from four different suppliers and also prepared in 
our Iaboratories by four different methods_ The suppliers and labeled purity of the 

commercial samples are shown in Table I. 

TABLE 1 

COMMERCIAL ZINC CHROMATES INVESTIGATED 

suppricr Labeled purity 

City ChemicaI Corporation 
Fisher Scientific Company 
Frank D_ Davis Company 
Research Organic,‘Inorganic 

Chemical Corporation (Roc!Ric) 

zinc chromate, purified powder 
zinc chromate, purified powder 
zinc chromate 
zinc chromate, 
ZnCrO,- 7H20. 99% 

Four zinc chromate samples were prepared in our laboratory by the following 
procedures. 

Sandia-I: solutions of 2.0 M ZnCI, and KzCrOa were prepared from reagent 
grade chemicak. Equal volumes of the two sofutions were mixed and stirred. The 
resulting precipitate was washed with coId distihed water until no chloride ion was 

detected and vacuum dried 16 h at 110°C. 

Sandia-2: solutions of appro_ximately O-7 M Zn(NO& and KazCrOl were 

prepared. They were mixed in *he ratio of 2.5 moles CrOjz- to 1 moIe Zn”. The 

precipitate formed was washed, fihered and dried as described for Sandia-I zinc 
chromate_ 

Sandia-3: this material was prepared according to the same procedure as for 

Sandia-1 except that Na2Cr04 was used in place of K2Cr0,. 

Sandia-4: the procedure used to prepare this material was described by Bri_ggs’. 

Dried reagent _-de Z&O, (4.5 g) was thoroughly mixed with 5.0 ml H20. To this 
mixture 5-O g dried reagent grade 00, was added. The sample was mixed and heated 
to remove CO2 _ It was sealed in a gIass tube and heated 4 h at 208 “C. After washing 

with cold H20, the sampie was dried at 110% overnight. 

Appara I us and procedures 

Thermogmms were obtained using a Cahn Vacuum Ektrobalance System 
which included a Model RG ekctrobalance and a Model 3430 furnace. Temperature 

was controlled using a Research, Inc. -Model 5500/624A Programmer/Controller and 

measured with a Chromel-Alumel thermocouple suspended inside the hangdown 
tube. Weight vs. temperature curves were obtained in static room air using heating 

rates of l-9,26 and 64°C min- I_ Relative humidity varied between lb and 20% and 

the barometric pressure was in the vicinity of 624 mm Hg. In a few cases weight loss 
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Fig. 1. TG cuI-ve5 for zinc chromates. 
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Fig. 2 Thermal decomposition of City. Davis and Sandia-I zinc chromates. 



under isothermal conditions vvas measured by equilibrating the clamshell type furnace 

at the desired temperature and then wrappin, 0 the furnace around the hangdown tube 

of the eiectrobalance. TG samples weighed approximately I5 mg and were contained 

in fiat bottomed platinum pans. 

Samples weighin, m several g were obtained for X-ray, spectrochemical and 
chemical analyses by heating to equilibrium in an electric furnace at constant 

temperature_ The furnace temperatures \vere selected on the basis of the thermogram 

results. In one particular case it was necessary to prepare samples for further analysis 
by heating them while recording the weight_ In this case the heating was continued 

until a specific point in the thermogram was reached, at which time the heating was 
stopped and the sample coilected- 

Chemical analyses consisted of determinin, 0 chromate content by dissolving the 

sample in diIute HCI (1.75 33, adding excess Kl and titrating the liberated I2 with 

O-1 N Na2S,03 using a starch indicator_ Results were reported as weight % ZnCrO,. 

X-ray anaIysis consisted of obtainin, w and anal_vzing powder diffraction patterns_ 

X-ray powder diffraction and emission spectrochemical analyses were done by 

conventional techniques. 

RESULTS AXD DISCUSSIOS 

Thermogravimem of the eight zinc chromate samples resulted in the five 
diKerent types of thermo_gram shown in Fig. 1. The curves for the City Chemical, 

Davis and Sandia-I samples were identical. Thermograms for Roc/Ric and Sand&3 

zinc chromates were also the same, while the results for the Fisher, the Sandia-3 and 
the Sandia-4 samples vvere each unique. The curves for all samples were independent 

of heating rate over the range of rates employed. 

City, Dam3 and Sandia-I zinc chromates 
The thermal decomposition scheme for the City, Davis and Sandia-1 materials 

is shown in Fig_ 2. X-ray diffraction patterns at plazaus (1), (2) and (3) were identical 

and corresponded to 4ZnCrO,- K20 - 3 HzO. The compounds 4ZnCr0, - K20 - Hz0 
and 4ZnCr0, - KzO can also correspond to the same diffraction pattern since waters 
of hydration can be lost from a compound without changing the d spacings of the 

crysta12_ The X-ray pattern for the material formed at plateau (4) showed all the 

major lines for ZnO and for ZnCr,O, plus a few of the very strongest lines for 
K#O,_ No extraneous lines were observed. Semi-quantitative spectrochemical 

evidence indicated the concentration of the various metallic elements in the samples 
and a--d with the X-ray results. The final data to support the decomposition scheme 

showu in Fig. 2 are the results of the chemical analyses. These results along with the 
weight loss values are shown in Table 2 and compared with the theoretical values 

based on the proposed reactions. The agreement is quite good_ 

Additional tests were needed to expIain the inflection point observed at 
-460°C This phenomenon can he understood in terms of the following reactions 
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4ZnCrOd- KzO 

(3) 
JZnCrO,+K=O - 3ZnCrO,fK2CrO;+ZnO 

2ZnCr,0,+2ZnO+301 (g: I 

1 
(4) 

z ZnCrzOJi~ZnOi~02 (g) 

TABLE 2 

ASSAY AND WEIGHT LOSS DATA FOR THE THERMAL DECOMPOSITXOX OF 
CITY, DAVIS AND SANDIA-I ZINC CHROMATES 

PZateau Material Tempera- 

ture (“C) 

Assay (?‘o ZrrCrO,) Weight Zoss (cct. o/o) 

T.eory Actual Theory Actual 

1 4ZnCrO*- K,O- 3 Hz0 <2X0 83.0 Sl_O(C) 0 G 
79-9 (D) 
80.7 (S) 

2 JZnCrO~-K20-Hz0 2 I O-340 56.6 83.7 (C) 3.3 3.6 (C) 
81.6 (D) 4.3 CD) 
53.5 (S) 4.3 (S) 

3 4ZnCr04- K20 3404i5 88.5 85.3 (C) 6.2 6.5 (c) 
S’2 (D) 7-r (D) 
55.6 (S) 6.8 (S) 

4 ~ZnO+~ZnCr20~iKICrOl ~475 24.3 24.1 (C) 14.4 14.1 (C) 
21.3 (D) 14.7 (D) 
23.9 (S) 14.7 (S) 

TABLE 3 

TOTAL PERCENT WEIGHT LOSS FOR DAVIS ZINC CHROZIATE HEATED 
UNDER ISOTHERMAL CONDITIONS 

Tefnperalure (O C) % Weight loss 

430 14.31 
471 14.21 
491 14.10 
527 13-90 

Duriq the decomposition af 4ZnCrOj - KzO represented by the curve beIow 
46O“C reactions (1) and (2) are prevalent. At temperatures above 46O”C, reaction (3) 

begins to become important. This reaction removes some of the chromate radicaI 
from the decomposition process sixxz K2Cr04 is stable at these temperatures. 
Consequently, the rate of u-ei&t loss is slowed. The results of two experiments support 
this hypothesis_ First, X-ray diffraction analyses on material decomposed to the 
inflection point showed that ZnCr,O,. ZnO and possibly ZnCrO, and/or 4ZnCr0,. 
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K,O were present and, significantly, K&kO, was not present. Secondly, isothermal 

decompositions were conducted at temperatures slightly below and slightly above the 

460°C inflection point. If the proposed scheme is vaIid, one would expect a larger 

weight Ioss at the lower temperatures than at the higher. The results shown in Table 3 

support this expectation. 

RocjRic and Sandia-2 zinc chromates 

The steps in the tbermaf decomposition of the Roc/Ric and Sand&2 zinc 

chromates are shown in Fig. 3. X-ray diffraction patterns positively identified the 

materials I&ted at the three plateaus, and no unaccounted for lines were noted on the 

patterns. Emission spectroscopy data supported the X-ray anaIysis. Table 4 shows the 

results of chemical analyses and weight loss measurements from the TG. Comparison 

with theoretical values shows good agreement and supports the proposed decom- 

position process. 

TABLE 4 

ASSAY AND WEIGHT LOSS DATA FOR THE THERMAL DECOMPOSITION OF 
ROC;RIC AXD SANDIA-2 ZINC CHROMATE 

Plafeau Maferiai Tempera- 

rure (“C) 

Assa_v (% ZnCrOJ Weight loss (ut. %) 

Theory Actual Theory Actual 

1 ?ZnO-CrOs-3H20 ~320 37.8 41.3 (R) 0 0 
41.1 (S) 

2 3ZnO+znCro, 320-510 42.6 45.5 (R) 11.3 il.0 (R) 
433.8 (S) 13-I (S) 

3 fih0 +f2hCrtO+ >510 0 22 (R) 16.3 15.5 (R) 
1 .o (S) 17.4 (S) 

Fkher zinc chromate 

The Fisher zinc chromate decomposition scheme is shown in Fig. 4. X-ray 

analysis showed this sampfe is a mixture of 2ZnO -GO3 -HzO, 4ZnO-G-0, .3H,O 
and ZnO. At plateau (2) only the patterns for 2ZnO-CrOS-H,O and ZnO were 
positively identified_ At pIateau (3) all the lines corresponded to patterns for ZnO and 
ZnCrO, and at plateau (4) only ZnO and ZnCr,O, lines appeared. Again, spectro- 
chemical evidence supported the interpretation of X-ray patterns. 

The percentages of the individual constituents in the undecomposed mixture 

were determined from chemical analysis and weight loss (TG) data. Based on the 

calculated composition of 45% 2ZnO-0-0, - H,O, 30% 4Zn0 -00, -3H,O and 

25% ZnO, the agreement between actuaI and theoretical % ZnCrO, and % weight 
loss is excellent, as seen in Table 5_ 



191 

.zno - cd3 - 3H20 

ii) 

-\ 

Fig. 3. Thermal decomposition of RocfRic and Sandia-2 zinc chromates. 
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fig. 4. Thumb decomposition of Fisher zinc chromate. 
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TABLE 5 

ASSAY AND WEIGHT LOSS DATA FOR THE THERMAL DECOMPOSITION OF 
FISHER ZIKC CHROMATE 

Piareau Atfareriai Tenipera- Assay (“70 ZnCr04) Wcighr loss (%) 
true cc) 

Theory Actual Theor_v Actual 

45?.“0 ZZnO- Cr03- Hz0 <x0 40.6 40.2 0 0 
1 30% 4ZnO-CrOz-3HZ0 

25% zno 

ZZnO-CrOLI-Hz0 
I Z&i-O* 

ZllO 

1 ZnCrO, 
Z.llO 

ZnCr,O, 
ZllO 

300-370 42.0 40.7 3.5 3.8 

370-510 43.3 420 6.7 6.7 
I- 

12-I Il.9 >5IO 0 0-S 

Sandra-3 zinc chromate 
Working out a decomposition process for Sandia-3 zinc chromate was more 

difficult because the rather complex X-ray powder diffraction pattern obtained with 

the starting material couid not be interpreted_ The tentative decomposition path is 

shown in Fig 5. X-ray analysis did, however, identify the compounds shown at 

plateaus (3) and (4). There were other unidentified diffraction lines for (3) which are 

probably caused by dehydrated compIex compounds of the type XZnO- YCrO, - 

ZNa20. Spectrochemical evidence supported the X-ray rest&s for plateaus (3) and 

MI- 
The startins materials and percentages calculated (35 wt. % 5ZnO - 5G-0, - 

NazO- 3H20 and 65 \+t_ % 5ZnO-4CrO,-NazO-5H20) are in agreement with the 

weight loss and chemical analysis results as seen in Table 6. They ako agree with the 

semi-quantitative spectroscopy data which indicated Zn and Cr as major constituents 

(> 100/o) and Na present at the l-10% IeveI_ The proposed materials contain 33.3% 
Zn, 23. I % Cr and 4.7% Na. The method of preparation for Sandia-3 zinc chromate 
wa identicaI to that for Sandia-1 except that Na,CrO, was used for the former and 

K+CrO, for the latter_ Thus, by analogy it is reasonable to expect compounds con- 

tainins NazO in the crystal lattice. Finally, it should be mentioned that diffraction 
patterns for comparison with compounds of the type XznO- YCrOs -ZNa?O are not 

available in the literature. 

Sandia4 zinc chromate 
The Sandiad zinc chromate decomposition was a very straightfonvard process 

as shown in Fig 6_ X-ray diffraction patterns showed only ZnCrO, in this zinc 

chromate sample with ZnCr,O, and ZnO as the decomposition products. The 
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5ZnO-SCrC3-‘Na20-3H_,O * ’ 

1-m 
SZnO-ACrO-,-tiaZO-5HZ0 

!I) 

I 
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Fig. 5_ Therma: decomposition of Sandiz-3 zinc chromate_ 

TABLE 6 

ASSAY AND WEIGHT LOSS D.4TA FOR THE THERMAL DECOMPOSITION OF 
SANDIA-3 ZINC CHROMATE 

PZateau Material Tempera- Asxa_v (% ZnCrOJ l+>ighhr loss <%) 

lure <‘C) 
Theory AcruaZ Theory AcruaZ 

I 
35% 

I SZnO-5Cr05-h’a-O-3H20 ~260 80.2 80.7 0 0 

65% 
5ZnO-4Cr03-NazO-5Hz0 

( 

SZnO-SCrO,-Na=O-3H20 2-285 - - 6-I 5-s 

2 

ZKrOI 
ZnO 
Nat0 

ZIICIO, 
3 I ZIlO 285-470 87.0 57.3 8.0 s-2 

N2,O 

ZnCrzOd >470 22. I 21.5 16.1 16.2 
4 ZllO 

Nu’s=Cl-O; 
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chemical assay and N-eight loss data a_gree well with theoreticai values for ZnCrO, as 

shown in Table 7_ The low assay value of 96.3% is believed to be due to the presence 

of a smaI.I percentage of 2ZnO-CrO, - HzO. Evidence for the presence of this basic 

zinc chromate is the smaII event observed in the TG curve (Fig. 6) at -355Yl This is 

about the temperature where the loss of Hz0 from 2ZnO-CrO, -Hz0 was previously 

observed for the Fisher zinc chromate (Fi_g. 4)- 

2bJ 
* 

30 4M &a f&l 7ffi 

T&wJEi7ATwE fCi 

Fig. 6. Tbxmd decomposition of Sandia-4 zinc chromate. 

TABLE 7 

ASSAY AND WEIGHT LOSS DATA FOR THE THERMAL DECOMPOSITION OF 
SAh’DIA-4 ZINC CHROMATE 

Pialealr Material Tempera- Assay (% ZnCrOJ Weight loss (%) 
rrue (‘c-j 

Theory Acid Theory Actual 

I ZIlCX-0, <540 100 96.9 0 0 
2 +zrlcr~o,+jzno >540 0 0.3 13.2 13-I 

CONCLUSIONS 

Decomposition schemes have been postuiated for severaI zinc chromate samples. 

Excellent agreement was obtained between the proposed processes and the TG, 

X-ray, spectroscopy and chemical analysis data_ It has been shown that “zinc 
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chromate” may be any of a number of different compounds or mixtures ofcompounds, 

with varying chromate content. The compositions of the zinc chromates studied are 

summarized in TabIe 8. TG is an excelIent method for rapidly distinguishing between 

these different materials. 

TZBLE 8 

SUMMARY OF ZINC CHROMATE COMPOS!TIONS AXD ASSAY VALUES 

,r,t?lpL Composifion 

City Davis Sandia-l 

ROG Ric Sandia-2 

Fisher 

Sandia-3 

Sandiaa 

4ZnCrO~-K,O-3HZ0 

4ZnO-CrOJ-3Hz0 

4SOi ZZnO-CrOB- Hz0 
30?‘, -lZnO-G-O,-3HZ0 
25% zno 

35% 5ZnO-5CrO,-Na,O-3Hz0 
65% 5ZnO-4CrOJ-NalO-5Hz0 

ZnCrOI 

-80.5 

--41.2 

40.2 

SO-7 

96.9 
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