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Thermal processes involved in the decomposition course of cobalt ac-
etate tetrahydrate (Co(CH,COO),4H O) in atmosphere of N, and H,
were monitored by non-isothermal gravimetry. Results showed that the
dehydration of the parent salt occurs in two steps. The dehydration step
was followed by one-step major decomposition of the acetate group,
forming intermediate basic acetate, which then produces CoO and Co,
in treatment atmospheres of N, and H,, respectively. The conclusions
were confirmed by monitoring solid residues and evolved gases em-
ploying IR spectrometry. A set of reactions linked to the decomposition
of cobalt acetate was proposed to account for the solid and gas prod-

ucts detected [ 2007 Trade Science Inc. - INDIA 7
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INTRODUCTION

The favored method for preparation of supported
catalysts is often referred as impregnation and dry-
ing, in which porous supports are impregnated with
a solution of the active metal, followed by evapora-
tion of the solvent and calcinations in air to gener-
ate the oxidic phases that are precursors of the ac-
tive (usually reduced) centers. Supported cobalt cata-
lysts comprise one of the most important classes of

heterogeneous catalysts, due to their widespread
applications, like NO reduction™, ammonia synthe-
sisPl, partial oxidation?), and Fischer—Tropsch syn-
thesistl. Cobalt acetate is an interesting alternative
to conventional cobalt precursor, enabling the prepa-
ration of cobalt-supported catalysts essentially
through a one-step impregnation and decomposition
mild route. Thermal decomposition of acetate is a
feasible route to synthesize metal or metal oxide

based catalyst®®l. Thermal decomposition of cobalt
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acetate has been the subject of several previous stud-
ies!™ . Atmospheres employed include vacuum, flow-
ing N, dry oxygen, air, water, and self-generated at-
mospheres. The intermediates and the end products
were characterized by X-ray diffraction and IR and
UV-VIS spectroscopy™. However, gases evolved
during the thermal decomposition of cobalt acetate
have received limited consideration. The present
study set out to characterize the decomposition
course of Co (CH,COO),4H,0 by thermogravimetry
(TG). The gaseous decomposition products were
analyzed by IR-spectroscopy. Additionally the inter-
mediates and the end products were characterized
by IR-spectroscopy.

EXPERIMENTAL

Starting materials

The starting materials used in this experiment
were AR grade Co(CH,COQO)_-4H,0O, abbreviated as
Co(Ac),4H,0, Ac = CH,COO:..

TG analysis

TG measurements were carried out using a
Setaram Setsys 16 TG-DTA/DSC instrument.
5.0£0.2 mg of sample was spread thinly over the
alumina crucible to minimize bed effects during de-
composition of the cobalt acetate samples. The heat-
ing rate was 10°C/min, and the gas employed was
N, or H, of high purity (*99.999%), at a flow of 40
ml/min.

IR analysis

IR spectra of residuals were obtained at a reso-
lution 8 cm’, between 4000 and 400 cm™, using a
model FTIR 410 JASCO (Japan). IR spectra of
Co(Ac),4H,O and its decomposition products at
several selected temperature (in different atmo-
spheres) were obtained from thin, lightly loaded KBz-
supported discs.

IR identification of gaseous decomposition prod-
ucts was done with the help of the TG-FTIR system
composed of the Setaram Setsys 16 TG-DTA/DSC
instrument and a Thermo Nicolet Nexus 670 Fou-
rier transform infrared spectrometer. The transfer line
used to connect TG and FTIR was a 1 m long stain-

less steel tube with an internal diameter of 2 mm, of
which the temperature was maintained at 200°C. The
TGA accessory of the IR spectrometer was used, in
which the 45ml gas cell with a 200 mm path length
was also heated at a constant temperature of 200°C.
The IR spectra wete collected at 8 cm™ resolution,
co-adding 8 scans per spectrum. This resulted in a
temporal resolution of 4.32 s. Lag time that the gas
products went from furnace to gas cell was about 7
sec.

RESULTS AND DISCUSSION

TG/DTG cutrves of Co(Ac),-4H,O

The results of thermogravimetric measurements
in H, and N, are presented in figures.1 and 2, respec-
tively. The values in percentage of mass retained at
selected temperatures during the thermogravimetric
analysis are also presented in figures.1 and 2. Under
the experimental conditions, Co(Ac),"4H,O decom-
position undergoes a maximum of four thermal pro-
cesses, named as I IV in the TG or DTG cutrves
depicted in figures 1 and 2. Stages LII, and III are
common to all treatments, but stage IV obtained
under H, atmosphere (figure 1) differs from that ob-
tained under N, atmosphere (figure 2).

No matter the treatment atmosphere employed
during the thermal decomposition of Co(Ac),4H,O,
a large mass loss for stage 1 is registered in all the TG
curves; it can be assigned with a high degree of cer-

Lo

Figure 1: TG-DTG curves for the decomposition
of Co(Ac),4H,0 at 10°C/min in H,
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Figure 2: TG-DTG curves for the decomposition
of Co(Ac),"4H,0 at 10°C/min in N,

tainty to the dehydration of crystallized water in the
initial precursor. The possible residue in H, is
Co(Ac),"0.49H,0 and that in N, is Co(Ac) /0.74H,0.
After the dehydration is completed as stage II, the
average mass percent recorded under H, and N, at-
mosphere are 69.66%+0.42% and 69.56%0.13%,
respectively, which are clearly below the value ex-
pected for the release of four water molecules
(71.07%), indicating an evolution of additional
amounts of materials to the gas phase. It is to as-
sume that hydrolysis of surface acetate groups oc-
curred during the dehydration of Co(Ac),-4H O, re-
sulting in simultaneous evolution of acetic acid to
the gas phase, and generating cobalt acetate hydrox-
ides, Co(OH) (Ac),,, in H, and Co(OH) (Ac)
in N,

The stage 111 in figures 1 and 2 correspond to the
decomposition of the dehydrated intermediate. In
H,, the mass retained is 53.54%£0.65%, which is
consistent with the theoretical value for the forma-
tion of Co(OH), .(Ac), - Meanwhile in N, the mass
retained is56.26% % 0.43%, which is compatible with
the value expected for the formation of Co(OH),
(A9, s

The residual compositions for above stages are

92 191

similar regardless of atmosphere used. However, the
mass retained in H, in step VI is 23.16%%0.39%,
which is conform to the theoretical value for the for-
mation of pure metal Co, while that in N is
29.60%%0.50%, which is conform to the theoretical

—==> Full Paper

value for the formation of pure oxide CoO. After
stage VI, no additional changes in the mass of the
residue are observed in treatments of either H, or

N..
’ The quantitative TGA results indicates that the
decomposition of Co(Ac),4H,O is critically con-
trolled by the reaction atmosphere. By comparing
the results obtained for the thermal decomposition
of the parent salt in H, with those obtained in N, it
is possible to propose the formation of either metal-
lic cobalt or CoO, respectively. The average mass
value retained after step II under two different types
of atmospheres (about 70%) is well below that ex-
pected for stoichiometric loss of four water molecules
((71.07%).The extra weight loss obtained during the
dehydration step suggested the possible formation
of a basic acetate as intermediated compound
[Co(OH)_(Ac), ], and in considering the value of
weight loss obtained systemically for the residue of
step I and II, we can assume the stoichiometry of
the hydrolysis reaction to allow roughly an estima-
tion of the x value for the formation of basic cobalt
acetate.

IR analyses of solid residues

Information regarding the pattern of the species
generated during the decomposition of Co(Ac),
4H,0O was obtained from FTIR measurements of
solid residues obtained at different temperatures. As
shown in figure 3, two important observations could
summarize the IR spectra taken at different tempera-
tures for both atmospheres:

1. The bands at 738, 810 and 881 cm™ in the IR
spectrum of Co(Ac),4H,O have been assigned to
water librations and a two-phonon water mode, re-
spectively. And the first two are identified as wag
and twist vibrations of the molecules of water of
crystallization™. These bands appear rather weak
or disappear completely for the dehydrated or de-
composed products.

2. The spectra for the dehydrated or decomposed
products at different temperatures in both atmo-
spheres are very similar. The region between 3000
and 3600 cm™', which is attributed to hydroxide group
vibrations, demonstrates that water molecules are
absent in the dehydrated or decomposed products

i a?na[ytiaa[ CHEMISTRY
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Figure 3: Absorbance vs. wave number curves at
various temperature of solid residues from
Co(Ac),"4H,0, (heating rate: 10°C/min; initial
mass: 5.0mg; N.) , in which A: parent salt; B: 93°C;
C: 123°C; D: 281°C

and that hydroxyl groups are still present in the spe-
cies. Absorption band at 2948 cm™ is due to the char-
acteristic C-H vibrations in acetate groups. The most
interesting characteristic of the IR spectra is the
maintenance of absorption bands of carboxyl groups.
Peaks observed at 1422 cm™ attributed to symmet-

ric C=0 vibrations and 1548 cm™ attributed to asym-
metric C=0 in the dehydrated or decomposed prod-
ucts. The IR spectra in the region of 500-700 cm’
are characterized with the acetate groups. The ab-
sorption band at 535 cm’, attributed to water vibra-
tions, is observed as a strong band in the IR spectra
of Co(Ac),4H,O only. The vibrations at 616 and
676 cm™ are easily assigned to the CO, rocking vi-
bration and symmetrical bending, respectively.

We conclude that Co(Ac),4H,O decomposes
through the formation and subsequent decomposi-
tion of cobalt acetate hydroxides as a reaction inter-
mediate.

Online evolved gas analysis by TG-FTIR

The volatile decomposition products of
Co(Ac),4H,O were identified using the TG-FTIR
system. The volatile products in H, were quite simi-
lar to that produced in N,. The TG-FTIR evolution
curve of the identified evolved gaseous species as
absorbance vs. temperature in N, can be seen in fig-
ures 4 and 5, respectively.

The bands at 3735 and 1517 cm™ observed be-
tween 50 and 130°C in stages I and II are attributed
to the absorbance of gas water and can be related to
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Figure 4: Absorbance vs. wavenumber curves of evolved gaseous species at various temperatures,
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Figure 5: Absorbance vs. wavenumber of identified gaseous species evolved from Co(Ac),-4H,0, mea-
sured in N, by online TG-FTIR system (heating rate: 10°C/min; initial mass: 5.0mg)

the dehydration of Co(Ac),4H,O. In this tempera-
ture range, strong double bands at 1780 and 1800
(CO) cm™ and single band at 3570 (OH) cm™ ob-
served can be related to acetic acid in gas, which
expected to form due to the surface hydrolysis of
the acetate groups. The absorbance due to gas acetic
acid increases along with the increment of tempera-

ture. Thus, the main processes for stages I and II are:
Stage I: Co (CH,COO),4H,0 - Co (CH,COO)," x,

H,0 + (4-x)H, 0O (x, = 0.5) (A)
Stage II: Co (CH,COO),x H O - Co(OH) ,
(CH,CO0), , +x,CH,COOH +

- x,)H O (x,= 0) (B)

In stage III, at 170°C the absorbance due to gas
water disappeared. All the absorbance can be related
to gas acetic acid till to 265°C. In support, the IR gas
phase spectra in this stage exhibits weakening of the
absorptions due to water and reinforcement of the
absorption bands characteristic of acetic vapor. Thus,
the formation of acetic acid at this stage may have
occurred via the intervention of ketene (CH,=C=0)"
as follows:

Stage III: Co(OH) ,(CH,COO), , - Co(OH)_,

(CH,CO0), , + (x, - x,) CH,=C=0 (x, = 1) (©)

CH,=C=0 + H,0 - CH,COOH (D)

However, the IR absorption of ketene is unde-

tectable in the experimental conditions.

In stage 1V, at 290°C, acetone (CH,COCH,) is
unambiguously identified during the thermal decom-
position. The bands around 2984 (CH, or CH,) and
1737 (CO) cm™ are attributed to acetone. However,
acetone production is not obviously detected below
290°C. At 370°C, the absorbance at 1780 cm™ (CO)
almost fully shifts to 1746 cm™ (CO). Meanwhile,
3570 (OH) cm™ band diminish significantly. There-
fore, acetic acid is not the main species any more in
the stage IV. Carbon oxides are also detected in this
stage. Relatively high amounts of carbon oxides are
produced during the major decomposition step of
the acetate group. The intensity of bands between
2300 and 2370 cm™ related to carbon dioxide be-
comes stronger with increasing the temperature. The
IR gas phase spectra in this stage exhibits weakening
of the absorptions due to acetic acid vapor and rein-
forcement of the absorption bands characteristic of
acetone and CO,. Furthermore, the bands at 3735
cm’! related to the absorbance of gas water are de-
tectable again in the stage. Acetone and carbon di-
oxide produced in stage IV may be due to the de-
composition of acetate groups in basic cobalt ac-
etate. Therefore,

e Analytical CHEMISTRY
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Stage IV: Co(OH) ,(CH,COO), . - 0.5x,CoO + REFERENCES
(1-0.5x,)CoCO, + 0.5x,H,O + (1-0.5x )CH,COCH, (E)
CoCO, - CoO + CO, (in N,) (F)
CoCO, +H, - Co + CO, + HO (in H,) (G)
CoO +H, - Co + H,O(in H,) (H)
The evolution of acetone during stage IV sug-
gests the involvement of CoCO, as a short-lived in-

[1] S.Athanasios, N.Dimitrios, B.Kyriakos, V.John,
K.Christos; J.Colloid Interf.Sci., 295, 165 (2006).

[2] W.Rarog-Pilecka, E.Miskiewicz, M.Matyszek,
Z.Kaszku, L.Kepinski, Z.Kowalczyk; J.Catal., 237,

. 207 (20006).

termediate. [3] L.Zhou, .Xu, H.Miao, EWang, X.li; Appl.Catal. A-
Gen, 292, 223 (2005).

[4] S.Storsaeter, O.Borg, E.A.Blekkan, A.Holmen;
J-Catal., 231, 405 (2005).

[5] G.A.M.Hussein; Powder Technol., 118, 285 (2001).

[6] G.A.M.Hussein, B.A.A.Balboul; Powder Technol.,,
103, 156 (1999).

[71 S.Takayuki Ban, Y.Ohya, Y.Takahashi; Mater.Chem.
Phys., 78, 645 (2003).

[8] J.Girardon, A.S.Lermontov, L.Gengembre, P.A.
Chernavskii, A.Griboval-Constant, A.Y.Khodakov;
J.Catal., 230, 339 (2005).

[9] S.M.Alshehti, M.A.S.Monshi, N.M.Abd El-Salam,
R.M.Mahfouz; Thermochim.Acta, 363, 61 (2000).

[10] E.ngier-Stocka, A.Grabowska; J.Therm.Anal., 54,
115 (1998).

[11] Z.Nickolov, G.Georgiev, D.Stoilova, I.Ivanov;
J-Mol.Struc., 354, 119 (1995).

[12] J.C.De Jesus, 1.Gonzalez, A.Quevedo, T.Puerta;
J-Mol.Catal. A-Chem., 228, 283 (2005).

Hnalytical CHEMISTRY o
A Jndian Journal



