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Among systems proposed as suitable for thermochemical heat storage (TCS), redox oxides merit significant attention for high temperature applications in Concentrating
Solar Power (CSP) plants. The specific enthalpy of the reaction Is a key parameter to establish the storage capacity of the system. Consequently, there is considerable

practical interest In accurately determining this
measuring thermodynamic properties at high tem
eight Institutions, research centers and companies ¢
thermochemical processes at high temperature. The |
n SolarPACES Task I,

METHODOLOGY

= Cobalt oxide Co,0, has been the metal oxic
900 °C and 800 °C in ambient air, respective

neratures, or the presence of impurities

parameter. Discrepancies In the referenced enthalpies may arise from inadequate protocols and/or sets-ups for
In the samples. This work presents a round robin test (RRT) conducted by
uring 2015-2016 In order to develop a standard procedure for the measurement of enthalpies In the re
nitiative was organized within the Working Group on Thermal Storage (Activity on “Materials for Thermal Storage”)

evant

e selected: (i) It has a fast redox reaction (Co,0, to CoO), of which reduction and oxidations temperatures are approx.

y; (1) This reactant Is a stable solid t

nat remains unaltered for

ong storing periods; (ii) It has a relatively high reaction

enthalpy compared to other metal oxides; and (iv) reaction enthalpy has been reported in the literature, which allows comparing obtained results.
= A commercial sample of Co,0O,(Cobalt (ll, [ll) oxide, powder, <10 um, Sigma Aldrich), which was previously confirmed to be active, was subjected to a thermal
treatment and then was divided into aliquots and delivered by the RRT coordinator (IMDEA Energy) to the participants.
= Thermal treatment consisted in to keep the sample overnight in an oven at 110 °C to remove water and 1200
any other possible adsorbed impurity. The selection of a commercially sample facilitates the acquisition Rll l}z Rla Rlﬂ RlS
. . . . . . . 1000
of duplicate measurements in the future and ensures a minimum available quantity, which often cannot
be achieved in samples prepared in small batches at laboratory-scale. Besides any uncertainty associated & soo
with the sample origin is thus removed, as all laboratories analyze exactly the same batch. e LAV/I A A VAR AV B\
. . . . & 600
= Test procedure: The sample was placed in the measurement system in a pure dry air flow of 100 cm3/min. 2
It Is Initially maintained at ambient temperature for 15 min, and then heated up to 1000 °C at a rate of 2 400
10 °C/min. The sample is then kept at 1000 °C during 5 min, cooled down to 650 °C at a rate of -10 °C/min, -
and maintained at this temperature for a further 5 min. The cycle between 650 °C and 1000 °C is repeatec
4 times, thus completing a total number of cycles of five. Each participant should make two independent anal 0
. . . . . . . | 0 60 120 180 240 300 360 420 480 540 600
= No Instructions or indications were given on how to calibrate the measurement apparatus. Time (min)
INSTRUMENTS RESULTS
Description of apparatus and techniques used in the round 105 1000 1000
robin test. 00 - 900
Partn Main characteristics . >
er 95 ' : 1 : 900 - ' ' g "
1 Instrument: Netzsch STA 409 £ 5 S 600
Crucible: Alumina SRR | B 8 B S 850 1 B 2 500 —
Dry gas: 100 mL/min pure synthetic air £ a ;3 400 - —
Calibration / Baseline: TGA and DSC curves obtained “TEL || [ | |1 SO |1 |1 [ ] & 300 -
from the experiments were corrected by subtraction 0 | AN 11 | | 1 | RN | | | | | | 200 A
of corresponding blank curves. Notably blank curves 100 -
were measured prior to the tests with Co;0, by 75 : . . 700 . : . 0
carrying out the same experimental run with an s o2 " o " o2 " o " o o
[ EESE Comparison between RRT data and those from literature
2 Instrument: TGA/DSC 1 — Mettler Toledo
Crucible: 70pl Alumina crucibles. Reduction Oxidation
Calibration / Baseline: Silver (99.99%) was used as
exlt_imi_' reference to check the onset and heat flow Reference T(°C) Mass change (%) AH (J/g Co,0,) T(°C) Mass change (%) AH (J/ig Co,0,)
calipration
3 Instrument: Netzsch STA 449 F3 Jupiter This work (cycle 2) 928+6 98.0+1.0 470+129 83148 96.7+1.8 456+121
Crucible: 85ul Pt/Rh | This work (cycle 5) 93247 08.00.5 5654151  826+11 0543 5534152
Calibration / Baseline: Subtraction of black curves
e o e e e Block (9) 914.6 96.3 576 879.7 93.3 562
4 Instrument: Netzsch STA 449 F3 Jupiter Carrillo (8) 601 496

Crucible: 85ul Pt/Rh

Dry gas: 20 mL/min oxygen (99.999%) and 80
mL/min nitrogen (99.999%) at atmospheric pressure
Calibration / Baseline: The phase transition of salt
standards were employed for temperature and
sensitivity (heat flow) calibration. Blank
measurement was performed for baseline
correction.

Instrument: TGA/DSC/1100 Mettler—Toledo.
Crucible: 70ul Alumina crucibles.

Dry gas: 100 mL/min pure synthetic air

Calibration / Baseline: Calibration is performed
regularly. The instrument has two arms, one of them
supporting an empty crucible.

CONCLUSIONS
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Measured reaction enthalpies presents a standard deviations as high as 27%, however the mean value has a

difference smaller t
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(i) 1t I1s observed that two analyses (contributors 3 and 5) provide higher and lower values than the others, so that
may be different internal protocols could affect their corresponding analyses.

re for measuring the reaction enthalpy should be modified in order to avoid any enthalpy source other than redox reactions and ensure high oxidation rates
ne lower temperature limit to higher values, changing the heating/cooling rates as well as isothermal periods). In addition to this, It Is suggested to check the
ethod followed by the different laboratories.
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