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Thermal decomposition and kinetic analysis of sodium propoxides
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Abstract

Sodium n-propoxide and sodium iso-propoxides were synthesized and characterized. Thermal decomposition of these compounds was
studied using thermogravimetric technique (TGA) coupled with mass spectrometry (MS) under non-isothermal and isothermal condi-
tions. Various analytical techniques namely atomic emission spectroscopy (AES), infrared spectroscopy (IR), powder X-ray diffraction
(XRD), elemental and volumetric analyses were employed to characterize these compounds and their decomposition residues. Kinetic
parameters, namely, the activation energy and pre-exponential factor were deduced from the dynamic TGA and MS data. The activation
energies derived from isothermal runs for the thermal decomposition of sodium #n-propoxide and sodium iso-propoxide were
151.45+2.16 and 128.07 + 3.44 kJ mol ™", respectively. Decomposition of sodium n-propoxide and sodium iso-propoxide results in
the formation of gaseous products of saturated and unsaturated hydrocarbons leaving behind residue consisting of sodium carbonate,

sodium hydroxide and free carbon.
© 2007 Published by Elsevier B.V.

PACS: 81.70.P; 82.30.L; 61.10; 82.80

1. Introduction

Liquid sodium is used as coolant and stainless steels as
structural materials in fast reactors systems [1-3]. The
physical contact between these two materials at reactor
operating temperatures leads to formation of a thin adher-
ent layer of sodium over the surface of the steel compo-
nents in the coolant circuit due to wetting. Though
wetting favours heat exchanging efficiency in the core and
intermediate heat exchanger (IHX) regions, it adversely
affects the components and maintenance personnel due to
high chemical reactivity of sodium with moisture in addi-
tion to radiation dose in the case of primary components.
During reactor maintenance, some of the stainless steel
components are required to be taken out of the reactor
for maintenance or replacement. Exposure of sodium wet-
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ted components to air could lead to fire and possible explo-
sion as the reaction between sodium and moisture present
in air is highly exothermic in nature. In addition to being
a fire hazard, the reaction also adversely affects the
mechanical properties of the steel components due to the
formation of sodium hydroxide resulting in caustic stress
corrosion. To overcome these problems, generally, water
vapour nitrogen process (WVN) is followed for cleaning
sodium from large components such as pumps, [HXs,
sub-assemblies, etc. and alcohol process for cleaning small
and delicate components like bellow sealed valves, impurity
monitoring devices, sampling equipments, gripper tools,
etc. [4,5]. Various alcohols namely, methanol [6], ethanol
[7,8], Jaysol SS [9], propanol [10,11], butyl cellosolve (but-
oxy ethanol) [12,13] and ethyl carbitol (diethylene glycol
mono ethyl ether or 2,2’ethoxy ethoxy ethanol) [14,15]
are used as sodium cleaning agents world wide. Run-away
reactions leading to accident reported in the literature
when ethyl carbitol was used for sodium cleaning purpose
have been postulated to be due to the thermal instability of
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the reaction products of sodium and ethyl carbitol [14,15].
The lack of such data, in the literature, on the decomposi-
tion of sodium alkoxides, namely, sodium methoxide,
sodium ethoxide, sodium rn-propoxide and sodium iso-
propoxide, the common reaction products encountered
during the sodium cleaning operation employing the widely
used ethanol and propanol solvents, enthused the authors
to initiate a study on thermal decomposition and kinetic
analysis of these alkoxides. The thermal stability data of
these alkoxides is highly desirable to arrive at a safe tem-
perature window for the sodium cleaning operation. The
present work focuses and reports for the first time, the
thermal decomposition studies of sodium nr-propoxide
and sodium iso-propoxide and the kinetic parameters,
namely, activation energy and pre-exponential factor
derived from the decomposition data.

2. Experimental
2.1. Chemicals

Nuclear grade sodium (purity 99.5%) from Alkali
Metals, India, was further purified by vacuum distillation.
AR grade n-propanol (purity >99.5%) from S.D. Fine
Chemicals, India, and high pressure liquid chromatogra-
phy (HPLC) grade iso-propanol (purity 99.7%) from
Ranbaxy Laboratories, India, were further purified by dis-
tillation [16]. These chemicals were used for the preparation
of sodium n-propoxide and sodium iso-propoxide.

2.2. Preparation of compound

The formation and subsequent separation of pure
sodium alkoxides can be represented by the following
reactions:

Na + ROHyeess — [RONalp oy + 1/2Ho;
where R = n and iso-propyl, (1)

Vacuum distillation
(2)

[RONalg oy RONa.

The detailed methods of preparation and characteriza-
tion of these alkoxides were reported elsewhere [17].

2.3. TGA-MS measurements
Thermogravimetric analyzer model SETSYS 16/18 of

Setaram, France, was used in the present work for simulta-
neous TGA-MS studies. The detailed descriptions of the

Table 1

system and the experimental procedure are reported else-
where [18].

2.4. Characterisation of residue

2.4.1. X-ray diffraction analysis

X-ray diffractometer of STOE, Germany, was employed
to characterize these sodium alkoxides, their decomposi-
tion residues and the insoluble black particles. XRD
pattern was recorded at room temperature using CuKo
(2:1.5406 A) radiation. The samples were loaded in Linde-
mann glass capillaries and sealed with paraffin wax in
argon atmosphere glove box to protect them from mois-
ture. The XRD patterns were recorded in the angular range
of 5-65° with a step size of 0.05° and scan rate of 10 s per
step.

2.4.2. Infrared analysis

Fourier transform infrared spectrometer model MB100
of BOMEM, USA, was employed for recording IR spectra
of these compounds, their decomposition residues and
insoluble content of black particles. Sodium n-propoxide
was mixed with spectroscopic grade KBr powder and pelle-
tised by uniaxial pressing. The pellet was sandwiched
between two ZnSe windows fitted in a leak tight sample
holder to protect the sample from moisture. All these oper-
ations were carried out inside an argon atmosphere glove
box. The IR spectrum of the sample thus prepared was
recorded in the range of 4000400 cm ™' at 4 cm™! resolu-
tion. Similar procedure was followed for recording IR spec-
tra of sodium iso-propoxide, decomposition residue of
these compounds and the insoluble portions of decomposi-
tion residues. To compare the spectral features of the resi-
due, IR spectrum of GR grade sodium carbonate was also
recorded.

2.4.3. Estimation of sodium carbonate and sodium hydroxide

Standard lime water test was performed to confirm the
presence of carbonate radical in the decomposition residue
of sodium n-propoxide and sodium iso-propoxide. Sodium
carbonate and sodium hydroxide contents were estimated
by volumetric titration method. For this purpose, about
100 mg each of residue was dissolved in distilled water, fil-
tered and the filtrate was titrated against the standard
hydrochloric acid using methyl orange or phenolphthalein
as indicator to find the total alkalinity and sodium hydrox-
ide alkalinity, respectively. The estimated quantities of
sodium carbonate and sodium hydroxide are given in Table
1. The values are the mean of six measurements and the

Sodium content estimated from the sodium carbonate and sodium hydroxide (volumetric analysis) of the residues along with the insoluble content

Decomposition residue Soluble content (wt%)

Insoluble content (wt%)

Sodium content (wt%)

Na,CO; NaOH Total Calculated Observed From Na,CO; From NaOH Total
Sodium n-propoxide 4545 35.42 80.87 19.13 18.84 19.72 20.37 40.09
Sodium iso-propoxide 43.07 32.62 75.69 24.31 19.78 18.69 18.77 37.46
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