
Study of thermal behavior of CrO3 using TG and DSC

S. A. A. Sajadi • M. Khaleghian

Received: 4 May 2013 / Accepted: 15 December 2013 / Published online: 9 January 2014
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Abstract Using two techniques of thermogravimetry and

differential scanning calorimetry under O2 and N2 gas

atmosphere from 25 to 600 �C, the thermal behavior of

chromium(VI) oxide CrO3 was investigated. The identity

of products at different decomposition steps was confirmed

by XRD technique. Both techniques produced similar

results supporting the same steps for the compound. The

received products were investigated by SEM electron

microscope. The form and the size of crystals were

investigated. Three distinct energy changes were observed,

namely, two endothermic and one exothermic in DSC. The

amount of DH for each peak is also reported.
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Introduction

Due to their chemical and physical characteristics, chro-

mium compounds are used in a wide variety of industries

all over the world [1–6]. One of the most important char-

acteristics of the chromium concerns its reactions to acids

and bases as well as to air, a process known as oxidation.

Some are the end product of a desired process but most of

them are undesired byproducts known as disturb com-

pounds [7–9].

Chromite is one of the most significant compounds used

in steel industries [8–11]. The morphology of these com-

pounds was also studied [12]. Earlier works showed that

two or three step reduction pathway of unsupported CrO3 is

or may be accompanied by simultaneous decomposition of

intermediate CrOx phases (Cr3O8 and Cr5O12), which are

eventually transformed into crystalline Cr2O3 at about

500 �C [13–17] of magnitude higher than the parabolic

oxidation constant. Other experiments demonstrated that

the presence of nitrogen in the substrate is always a pre-

cursor to breakdown of the oxide layer and does not result

from diffusion through the Cr2O3 layer [18].

The oxidation mechanism of chromium is of particular

interest because it possesses a good high temperature oxi-

dation resistance due to the protective character of the

formed oxide scale. As a consequence, this element is

widely used as an alloying element for commercial alloys,

forming a rather protective oxide layer that prevents the

underlying material from undergoing further degradation.

Many studies on the formation of an oxide layer on pure

chromium and chromium oxide-forming alloys have

already been published, e.g. Refs. [19–27].

It is demonstrated that the oxidation behavior of chro-

mium was significantly different according to the temper-

atures, i.e. 800, 900, and 1,000 �C. Under isothermal

condition, the formation of a chromia scale on pure powder

metallurgical chromium follows parabolic kinetics, indic-

ative of a diffusion-controlled growth mechanism [26, 27].

In a previous work was studied the thermodynamic

assessment of the Ni–O, Cr–O and Cr–Ni–O systems using

the ionic liquid and compound energy models [26, 27].

In earlier investigation was CrO3 subjected to thorough

thermal analysis by means of TG and DTA [28].

The present research intended to investigate the thermal

properties of chromium(VI) oxide under different temper-

ature conditions. It is reported that pure chromium(III)

oxide is the final product of thermal decomposition process

for a number of different chromium compounds [29].
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Experimental

Materials and equipments

Chromium (VI) oxide was purchased from Merck co.,

Darmstadt, Germany, artikel no. 64271.

Electrical furnace: Thermoline model 200, England.

XRD: X-Ray diffractometer STOE (Germany), Model:

D-64295.

SEM: Scanning electron microscope, REM-JEOL (JXA-

840), (Japan).

TG & DSC: Thermogravimeter/Differential Scanning

Calorimeter, coupled with a TA processor, TGA/DSC1.

Mettler-Switzerland.

Atomic Absorption Spectrometer, Spectra AA—

Varian 220.

Spectrophotometer, Shimadzu, UV.

TG and DSC analysis

A sample of CrO3 was placed in a standard aluminum

crucible and weighed accurately (21.777 mg) using a

microbalance. A special equipment was used to seal the

sample. The sealed crucible was placed in the TG/DSC

equipment and its temperature was raised from 25 to

600 �C, with a heating rate of 10 �C min-1, under O2 and

N2 gas atmospheres [30–35]. TG and DSC curves of this

sample are represented in Figs. 1 and 2.

X-ray powder diffraction

The product from TG/DSC experiment was prepared for

X-ray and it was exposed to CuKa1 radiation for 2 h.

Figure 3 shows the XRD diagram of the compound

Cr2O3.
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Fig. 1 TG diagram of CrO3 in

N2 (upper) and O2 (lower)

atmospheres
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Electron microscopy (SEM)

The first series of the morphologic investigation of the

product at 600 �C in O2 and N2 atmosphere was accom-

plished with a SEM electron microscope (REM-JEOL-

JSM-840). The preparation of the sample was also

accomplished by coating of the surface with gold

(3–4 min). The reasonable enlargements were 1,000 times.

The SEM photographs are shown in Figs. 4 and 5.

Results and discussion

Thermal investigations of CrO3

TG results

Both TG curves of thermal decomposition of CrO3 in N2

and O2 atmosphere are shown in Fig. 1. The curve in the

upper part shows the mass loss (vertical axis) of CrO3 in N2

while horizontal axis shows temperature increase. The

curve in the lower part shows the mass loss (vertical axis)

of CrO3 in O2 while horizontal axis shows temperature

increase.

So one can better differentiate between the steps of the

thermal decomposition. The results indicate that thermal

decomposition consists of three separate steps in the tem-

perature range of 25–600 �C, these results are summarized

in Table 1. Because of identical received results from

experiments in N2 and O2 atmospheres, it is considered just

the result of the first case.

The first step takes place between 132 and 386 �C. The

calculations of mass loss show a chemical formula of

Cr2O5. This phenomenon is the decomposition of the

starting compound.

Spectroscopic quantitative analysis in this study also

corroborates this finding. The computed stoichiometry of

decomposition products are in good agreement with

experimental results (quantitative and percent decrease in

mass).
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First step of decomposition (132–386 �C)

A heating rate of 10 �C min-1 was chosen to determine

more information on what is taking place in this tempera-

ture range. The experiment was accomplished in the O2

atmosphere with a constant gas flow of 30 mL min-1.

As can be inferred from the results of the Fig. 1, the first

phase of (decomposition) pyrolysis reaction of CrO3 occurs

in the range of 132–386 �C. Concerning the case of CrO3,

the separation of O2 was also observed. Comparison of TG

curves of O2 and N2 atmospheres for this step indicates the

presence of the process i.e. loss of O2.

By subtracting the experimentally determined quantity

of materials (by spectrometric quantitative analysis) from

the entire amount of mass loss (8.37 %), one can approx-

imately compute the separated O2-quantity and obtain the

following formula: Cr2O5. X-ray investigation supplied an

amorph XRD diagram to Cr2O5.

Second step of decomposition (386–450 �C)

The experiment results show that the product lost about

4.18 % of its mass within the range 386–450 �C. The

experiment was accomplished in the N2 atmosphere with a

constant gas flow of 30 mL min-1.

The X-ray analysis supplied an amorph XRD diagram.

The evaluation of the results as well as spectrometric

analysis confirms the brutto formula: Cr2O4.5.

Third step of decomposition (450–575 �C)

The third mass loss equals to about 13.6 % of the starting

material and occurs in the temperature range of

450–575 �C. The X-ray analysis of the product confirms

presence of Cr2O3. This was checked by spectrometric

analysis and the calculated brutto formula of Cr2O3 was

obtained.
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We want to point out again that the pyrolysis of CrO3

within the range 25–600 �C in the N2 and O2-atmosphere

led to Cr2O3, i.e. the reaction CrO3 ? Cr2O3 ran off

completely with approximately 600 �C. From the above

TG curve it is evident that the pyrolysis reaction of CrO3 in

the range 25–600 �C consists of three steps. The final

decomposition product is Cr2O3.

If we compare the XRD diagrams of Cr2O3 and CrO3,

we obtain the change of start material to the product

completely. There is no line of CrO3 considerable (Fig. 3).

Therefore, the study of thermal behavior of CrO3, by TG

suggests three different steps as discussed above. At first the

compound loses oxygen in separate steps and changes from

Cr(VI) to Cr(III). These changes occur at different tem-

peratures and separate steps of thermal decomposition.

These steps could be studied by using another technique

(DSC) to determine the energy of each step. An earlier work

showed that chromium trioxide decomposes in two steps.

The first at about 220–375 �C, was accompanied by a 16 %

mass loss, whereas the second, at 385–415 �C, brought the

total mass loss up to 22.5 %. The corresponding DTG

curve, revealed an endothermic process in the immediate

vicinity of the first decomposition step at 200 �C, followed

by a strong composite exothermic effect of three compo-

nents, at 250, 330, and 390 �C. There was a second endo-

thermic effect in a temperature range (465–500 �C) [28].

In contrast to above mentioned work we obtained three

steps. The reason for this differences could be the flow gas, in

above mentioned work was used air as flow gas. The other

reason could be the heating rate (in last wok 5� min-1).

We received for the first and second intermediate pro-

ducts the formula Cr2O5 and Cr2O4.5, but the XRD dia-

grams showed amorphous products, which we could not

use for identification. The amorphous products indicate a

disorganization of the former CrO3 crystal lattice produced

by a partially reduction of Cr(VI) to Cr(V) and/or Cr(IV).

DSC results

Both exothermic and endothermic reactions are shown in

Fig. 2. This heat flow can be either exothermic or endo-

thermic. The energy is shown on vertical axis in mW and

temperature is recorded on horizontal axis in �C. The TA

processor was used to compute the enthalpy of an exothermic

or endothermic reaction by entering the beginning and the

termination point of each deflection. A straight or a sigmoid

baseline can be selected which shows the change in Cp of a

sample due to change in temperature. The surface area under

each peak is computed automatically by the TA processor.

The consequent results were Hexe or Hend in J g-1.

If we compare the TG and DSC results as Figs. 1 and 2

with each other we see that they confirmed each other.

Fig. 4 SEM electron microscopic photograph of Cr2O3, produces in

O2 atmosphere, enlargement is 10009

Fig. 5 SEM electron microscopic photograph of Cr2O3, produces in

N2 atmosphere, enlargement is 10009

Table 1 results from the thermal investigations of CrO3 in temper-

ature range 25–600 �C in O2 and N2 atmosphere

Phase

no.

Start

temperature/�C

Turning point

temperature/�C

End

temperature/�C

Mass

loss/mg

Mass

loss/

%

1 132.8 345 386.2 6.475 8.37

2 386.4 431.8 450.3 3.233 4.18

3 450.8 489.7 575.3 10.519 13.60

Table 2 DSC results, identification, and calculation of three peaks

No. DH =

Integral/mJ

Onset

temperature/�C

Peak

temperature/�C

Endset

temperature/�C

1 -9,952.54 197.93 205.24 216.02

2 13.25e ? 03 305.39 349.38 380.35

3 -10.91e ? 03 475.13 491.82 506.55
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DSC results of thermal decomposition of CrO3 are shown

in Fig. 2 and Table 2. The first reaction shown in Fig. 2 is

an endotherm and it starts at 198 and ends at 216 �C. The

area under the peak was computed by TA processor. This

reaction is represented more exactly in the Table 2. The

maximum point of this reaction occurs at 205 �C. The

DH was 129.11 J g-1,or 12.91 kJ mol-1.

A second reaction occurs between 304.9 and 380.3 �C.

This reaction is an exotherm. This part of the curve is con-

sidered more exactly in the Table 2. The area under the curve

is computed. The maximum of this reaction is at 349.4 �C.

The DH for this peak is 178.45 J g-1 or 17.845 kJ mol-1.

The third peak (endothermic) starts at 475.1 and ends at

506.6 �C as shown in Fig. 2 which is considered more

exactly in the Table 2. The maximum of this reaction is at

491.8 �C. The value of DH was computed to be 141.53 J g-1

or 14.153 kJ mol-1. These results confirm that the pyrolysis

of CrO3 between 180 and 550 �C occurs in three separate

steps (one exotherms and two endotherms).

If we use the entropy amount of the compound CrO3

(73.22 J K-1 mol-1), Cr2O3 (81.17 J K-1 mol-1) [3], we

received for the DS of the following reaction: the value of

242.23 J K-1 mol-1. Now we can use this value to cal-

culate DG for the compound CrO3 (611.30 kJ mol-1),

Cr2O3 (1,254.82 kJ mol-1), and for the above reac-

tion 32.87 kJ mol-1 [36]. The received experimental value

for DG in this work is also 29.30 kJ mol-1.

The XRD results obtained in this work is in a

good agreement with standard diagram (ASTM 37-517)

(Fig. 3) [37].

SEM photograph of produced Cr2O3 at 600 �C in O2

atmosphere is shown in Fig. 4, crystals are foliated, tooth

shaped with a diameter of 1–10 lm, they are arranged good

next to each other and form large crystals. In Fig. 5 is

shown the produced Cr2O3 in N2 atmosphere at 600 �C.

The crystals are tooth and leaf-shaped with a diameter of

1–10 lm, they are arranged good next to each other and

form large crystals.

In previous work has been showed that the volatility

diagram can be used to understand the possible etching

reactions on the Cr–O system and reveal some effective

methods for removal of Cr2O3-based passivating film [38].

The most important of these are (1) higher temperatures

(100–400 �C), (2) oxidation of Cr2O3 to CrO3 using ozone

or atomic oxygen, followed by exposure of CrO3 to gas-

eous H2 or HCl. Regarding to this point please consider the

conclusion of this work.

Conclusions

Thermal behavior of CrO3 was examined using TG, DSC

techniques, and following pathway was observed for the

thermal decomposition of CrO3. After XRD experiments

confirms the process of decomposition as well as identity

of the final product Cr2O3 at 550 �C

CrO3 ! Cr2O3:
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