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ABSTRACT

The compound lead (1V) oxide B-PbO, was prepared in our laboratory. The
Thermal behavior of this compound was studied using both techniques
of Thermogravimetery and Differential Scanning Calorimetery under O,
gas atmosphere from 25 to 600°C. The identityof products at different
stages were confirmed by XRD technique. Results obtained using both
techniques support same decomposition stages for this compound. Three
distinct energy changes takes place, two endothermic and one exothermic
in DSC results. The amount of AH for each peak isreported.
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INTRODUCTION

Lead compounds areused in different industries
world-widedueto their chemica and physical charac-
teristicg¥. Oneof themost important characteristics
of thelead isitsreactionswith acidsand basesaswel
aswith air, which arewd|-known asoxidation. In con-
sequence of these kind of reactions compoundslike
“lead (IT) oxide, lead (IV) oxide, sulfate, lead carbon-
ate, lead nitrate aswell asakalinelead acetate” have
been produced. Somearetheend product of adesired
process but most of them are undesired byproducts
and are known as disturb compounds®9.

Lead (IV) oxideisoneof themost important com-
poundsused inlead-acid batteries, which are produced
daily al over theworld®>7,

Two morphology o and 3 areknown for lead(1V)
and lead(ll) oxide®*™. The goal of this work wasto
investigate thethermal propertiesof B-lead (IV) oxide
indifferent temperature conditions. Purelead (I1) oxide
has been reported to be the final product of thermal
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decomposition processof number of different lead com-
pounds®*2, The Morphology of these compounds
wereal so reported**19,

EXPERIMENTAL

Materialsand equipment

B-Lead (1V) oxidewas prepared inthislabortory
asdescribed in thispaper.
TGA: Thermogravimeter, Mettler TG50, coupled with
aTA processor.
DSC: Differential Scanning Calorimeter, Mettler
DSC25, coupled withaTA processor.
XRD: X-Ray diffractometer D 5000, Siemens,
Krigdloflex.

Preparation of B-PbO,

50g Pb(CH,CO0), was pouredinto abeaker with
about 460ml of distilled water and all crystalswere
crushed until all Pb(CH,COO), decomposed hydro-
lytically to B-PhO.,. The precipitatewas separatedina
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centrifuge after 10 minutes, filtered and washed with
460ml of doubledistilled water four times. This prod-
uct waswashed with 50ml water twice and collected
on aglassfrit after complete mixing. It waswashed
dowly four timeswith 25ml acetoneto removeany re-
maining water. It was dried immediately in vaccum
desicator over blue gd*®. Thedried product hasacof-
fee-brown color.

X-ray diffraction of B-PbO,

Thelead (1V) oxide samplewas prepared for X-
ray using Bedacryl and exposed with CuK a1 radiation
for two hours. Figure 1 showsthe XRD diagram of the
compound B-PbO.,.

TGA analysisof B-PbO,

30.801mg of B-PbO, wereweighted in astandard
container from corundum. Thissamplewashegted (1°C/
min) from 25t0 600°C under O, gasamosphere (15ml/
min) (figure?2).

DSC analysisof B-PbO,

A sample of B-PbO, were placed in a standard
crucibles from aluminium and weighed accurately
(30.967 mg) using amicrobalance. The samplewas
seded with specia equipment. Theseded cruciblewas
placed in the DSC equipment and the sample was
heated from 25 to 600°C, with aheating rate of 5°C/
min, under O, gasamosphere. DSC curveof thissample
isshowninfigure3.

RESULTSAND DISCUSSION

Thermal investigationsof B-PbO,
TGA and DTG results

Both TGA and DTG curves of therma decompo-
stionof B-PbO, isshowninfigure2. Thecurveinthe
upper part showstheweight loss (vertical axis) versus
increaseintemperature (horizontd axis) andinthelower
section of thesamefigure, first derivativeof weight loss
isshowninvertical axisversustemperatureincreasein
horizontd axis.

So onecan differentiate better between the stages
of thethermal decomposition. Theresultsindicatether-
mal decomposition consists of four separate stagesin
thetemperaturerange of 25-600°C and summarized in
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Figurel: XRD diagram of B-PbO2
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Figure2: TGA diagram of -PbO2

TABLE 1. resultsfromthether mal investigationsof -PbO,
in range 25-600°C in O, atmospher e (15ml/min), 1°/mim

Start  Turning- End Weight Weight
Phase .
o temp. point  temp. decrease decrease
~[°C] [°C] [°C] [mq] [%]
1 25 100 200 0.527 1711
2 250 318 350 0.890 2.89
3 350 390 450 0.370 1.20
4 500 574 600 0.693 2.25
TABLE 1.

Thefirg stagetakes place between 25-200°C. The
Cdculationsof weight loss showsthat small quantities
of water ispresent at theend of thisregionand it corre-
spondstoachemica formulaof f-PbO,0.06H,0. The
DTG curveshowsthat thefirst stagein TGA curveac-
tually consistsof two different phenomena. First phe-
nomenon isthelossof absorbed water and the second
oneisdecomposition of the starting compound.

Spectroscopic quantitativeandysisinthisstudy dso
corroboratesthisfindingaswdll.

The computed stoichiometry of decomposition
productsarein good agreement with experimenta re-
sults (quantitative and percent decreasein weight).

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 3(2) April 2008

S.A.A.Sajadi

125

1. First stage of decomposition (25-200°C)

A low heating rate of 1°C/min was chosen to de-
terminethered vaue of adsorbed quantity of water as
well asfinding out moreinformation onwhat istaking
placeinthistemperaturerange. The experiment was
acomplishedinthe O, atmospherewith aconstant gas
flow of 15ml/min.

Asistobeinferred fromtheresultsof thefigures2
& 3, thefirst phaseof (decomposition) pyrolysisreac-
tionof B-PbO, occursin therange of 25-200°C. As in
the Case of 3-PbO, we observed herealsothe O, and
H,O separation Comparisonof TGA & DTG curvefor
this stage suggeststwo processesi .e. |oss of adsorbed
water followed by lossof O,

By subtraction of the experiment-tally determined
quantity of water (by spectrometric quantitative analy-
sis) from the entire amount of weight lossone can ap-
proximately compute the separated O,-quantity and
reach to thefollowing formulap-PbO,.0.06H,0. X-
ray investigation supplied anidentical XRD diagramto
B-PbO,. now we wanted to compute the separated
O,-quantity for the range 25-200°C by subtraction of
theexperimentally determined quantity of water from
the entire decrease in weight approach. The kind of
crystal of the product belonges therefore to the
nonstoechiometric compound on (with broad homogeaity
range). The XRD andysissuppliedasmilar XRD dia
gram asB-PbO,,. Theevaluation of theresultsaswell
as spectrophotometric anaysistheformulaPbO

1.823"

2. Second stage of decomposition ( 250-350°C)

From theexperimentally resultsisto be used, that
the product |ost withinthe range 250-350°C about 3%
of itsweight. Theexperiment wasacoomplished inthe
O, atmospherewith aconstant gasflow of 15ml/min.
The X-ray andysissuppliedasmilar XRD diagramas
Pb,,O,,. Theevauation of theresultsaswell as spec-
trometric anaysisthe brutto formula: PoO, ..

3. Third stage of decomposition(350-450°C)

Thethirdweight lossequalsto about 1.2% starting
material and occursin thetemperaturerange of 350-
450°C. The X-ray analysis of the product confirms pres-
ence of Pb,O,. This was checked by spectrometric
andysisandthecal culated brutto formulaof PbO_ ,is
reached .
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Figure4: Thefirst stageof DSC diagram of B-PbO2
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Figure5: Thesecond stageof DSC diagram of B-PbO2

4. Fourth stage of decomposition(500-6200°C)

Thefourth phase of thermal decomposition of 3-
PbO, iscompleted with loss of about 2.3% inweight
and PbO isidentified as the chemical entity of the
product.
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Figure6: Thethird stageof DSC diagram of B-PbO2

Wewant to point out again that the pyrolysisof -
PbO, withintherange 25-600°C in the O,-atmosphere
led to PPO, i.e. the reaction f-PbO,—PbO ran off
completely with gpproximately 600°C. From the above
TG diagramitisevident that the pyrolysisreaction of
B-PbO, intherange 25-600°C consists of four stages.
Thefina decomposition product isPbO.

Therefore, study of thermal Behavior of -PbO,,
by Thermogravimetry suggestsfour different stagesas
discussed above. At first the compound | osses water
followed by lossof oxygenin ssparaestagesand change
of Pb (IV) to Pb (I1). These changesoccur at different
temperatures and separate steps of thermal decompo-
sition. These steps could be studied by using another
technique (DSC) and energy of each step could be
determined.

DSC results

Both exothermic or endothermic reactions are
showninfigure3. Thisheat flow can beeither exother-
mic or endothermic. Theenergy isshown on vertical
axisinmW and temperatureisrecorded on horizontal
axisin °C. The TA processor was used to compute the
enthal py of an exothermic or endothermic reaction by
entering thebegining and the termination point of each
deflection. A straight or asigmoide baseline can be
selected which showsthechangein C § of asampledue
to changeintemperature. The surface areaunder each
peak iscomputed automatically by the TA processor.
AsresultswereceiveAH__or AH_,inJg.

If we comparethe TGA & DSC results asfigures 2
and 3 with each other we seethat they confirmed each
other. DSC resultsof therma decomposition of 3-PbQO,

areshowninfigures 3-6. Thefirst reaction shownin
figure3isanexothermandit startsat 110°C and ends
at 195°C. The area under the peak was computed by
TA processor. Thisreactionisrepresented morelargely
and moreexactly inthefigure4. Themaximum point of
thisreaction occursat 156°C. The AH was 29.54J/g,
or 7.07 kI¥mol. A second reaction occurs between 330
and 390°C. This reaction is an endotherm. This part of
thecurveisshown morelargely and moreexactly inthe
figure 5. The areaunder the curveiscomputed. The
maximum of thisreactionisat 373°C. The AH for this
peak is120.48J/g or 28.82kJmol. Thethird peak (en-
dothermic) startsat 400°C and ends at 450°C as shown
infigure3. whichisenlarged and showninfigure6. The
maximum of thisreactionisat 431°C. The value of AH
was computed to be 22.26J/g or 5.32kJ/mol. These
results confirmsthat the pyrolysis of BPbO, between
25-450°C occurs in three separate steps (one exotherms
and two endotherms).

CONCLUSION

Thermal behavior of 3-PbO, wasexamined using
TGA, DSC techniques and following pathway was
obsereved for thethermal decomposition of 3-PbO,
after XRD experiments confirms presence of Pb O,
and Pb,0O, ascompounds produced in the process of
decomposition aswell asidentity of thefinal product
PbO (mixed a. & ) at 600°C.
B-PbO,»Pb120,~Pb.0,~»PbO
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