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Study of C0304-Al203 Composite Powder Synthesis Method on Specification
and Thermal Energy Storage Capacity
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In this research, Co304-5 wt.% Al,O3; composite was prepared by two different methods including milling
of oxide mixtures (first method) and mixing of pre- milled cobalt oxide and iron oxide (second method).
Then, particle morphology, average particle size, Al,Os distribution, and thermal energy storage capacity
were investigated by Field Emission Scanning Electron Microscopy (FE-SEM) , Energy Dispersive X-ray
Spectroscopy (EDS), and Thermal Gravimetric Analysis (TGA) methods. The results showed that
samples prepared by first method during short milling time (less than one hour), generally showed better
energy storage capacity (equivalent to 2 wt. % of O, storage) than the samples prepared by second
method in the short milling time(equivalent to 1-1.5 wt. % of O, storage). It was while that samples
prepared in long milling time (16 h) by second method had higher energy storage capacity (equivalent to
2-6 wt. % of O, storage) than samples prepared by first method (equivalent to 2 wt. % of O, storage) in
similar ball milling time. Among the samples prepared by second method, the samples prepared by 16-h
milled cobalt oxide showed better redox behavior than the other samples. It was also found that reducing
the particle size of the composite powder (reducing the diffusion distance of oxygen atoms) is not
necessarily accompanied by improved thermal energy storage capacity.
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Table 2. Methods used for synthesizing of Co304-5wt.% Al,O;
composite powder
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Fig.2 Mean particle size of C0304-5 wt. % Al,O3 composite powder,
prepared by various methods after first and third redox
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Fig. 3 SEM images of Co30,-5 wt. % Al,O3; powder prepared by milling
of oxides during a) 0 h, b) 1 h, ¢) 16 h after third redox cycle
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Fig 4. SEM images of Co304-5 wt. % Al,Oz; powder prepared from as-
received cobalt oxide with Aluminum oxide ball milled for a) 0 h, b)
0.5, ¢) 7 h after third redox cycle
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Fig 6. SEM images of Co304-5 wt. % Al,0; powder prepared from 16 h
— ball milled cobalt oxide with Aluminum oxide ball milled for a) 0 h,
b) 0.5, ¢) 7 h after third redox cycle
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Fig 5. SEM images of Co304-5 wt. % Al,O3 powder prepared from 1 h-
ball milled cobalt oxide with Aluminum oxide ball milled for a) 0 h, b)
0.5, ¢) 7 h after third redox cycle
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Fig. 8 EDS-map images a) (Co304 + Al,O3) 1 h BM and b) (Cos04 +
Al,03) 16 h BM samples
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Fig. 7 EDS-map images of a) Co;04 16h.BM+ Al,O3; 0.5h.BM and b)
Co304 16h.BM+ Al,03 7h.BM samples

|

5 C0304 16h.BM+ Al,O3 0.5h.BM (@ slaaiges EDS-map ,glas 7 Jsio

—_ 7
9
: G Co50, 16h.BM+ A|203 7h.BM (b
z s
2 -
§ a a4 odd 5,5kl balxe sladiges opmzd Cud,b a5 S o0 saliv
% 3 @4y b aS Jo s il o alia(cels 16 5 1.0) Glojon &)50
% 2 @ ladiges ool 0,03 cad b a5 ed) o jlanl 2 JSo o Ll ol,d o5ll
5 1 el 5B LSES aal ansls M eal oS olail e gl s
= el 58 U ? AL «ol)S o)l 50—y *
-
- 0 Ae 50 g 500 slbdiges 4 Cnns oud (g, 5L celn 16 aiges o ob;
O D PSS PP SR e ead B T
N R N SN 2005 e 30 ks o 55 de diged ds 3 o5l 4o oly; Y]
b‘-"\:\Q\ \\“v‘ \‘5‘3‘\,\9'»0'5 LS L Qvo'd’ o R0 Gl (99 Ol 9 ) 9 Slyo eyl jo b))
TP IFH T IS Ss . 7 . .
S @\d(@@x \\.\\»@X@ & ﬁ@(& & il crge o 6,BLT loy a5 ol egdle el eS| Cod b
e B R P R L P R SN L o . .
PSS E S EE S E SO Slaaisai ;3 Jolse cnl wnly a5 S e 9S50 5 i
O S e S S S O o
S § & SRS Sl 0013 a1y LSy 0,033 b )b tals o TE
el o 4'?9?"")6" 3 0 > ""‘3)“"0“‘“ u)#“JS)

Fig. 9 Oxygen storage capacity after third cycle for various samples
gy 4 0dd dgd (sladigel ;0 pgw [ I dmy (ST 0psd oyl 9SS
isee ol

1143



Obled 5 oY 2

waid b 5 lazuie p CO304-AI203 i) sels 135y Gbo) il agllas

[9] Alexander, P., Andrew, J., Peter, G., "Solar Electricity via an Air
Brayton Cycle with an Integrated two-step Thermochemical Cycle
for Heat Storage Based on Co304/CoO Redox Reactions II: Kinetic
Analyses", Solar Energy, Vol.122, pp. 409-418, 2015.

[10] Block, T., Knoblauch, N., Schmucker, M., "The Cobalt-oxide/iron-
oxide Binary System for Use as High Temperature Thermochemical
Energy Storage Material", Thermochemical Acta, VVol. 577, pp. 25-32,
2014.

[11] Hutchings, K., Wilson, M., Larsen, P., Raymnd, C., "Kinetic and
Thermodynamic Considerations for Oxygen Absorption/Desorption
Using Cobalt Oxide", Solid State lonics, Vol. 177, pp. 45-41, 2006.

[12] Neises, M., "Solar heated rotary kiln for thermochemical energy
storage"”, Solar Energy, Vol. 86, pp.3040-3048, 2014.

[13] Nekokar, N., Pourabdoli, M., Ghaderi Hamidi, A., "Effects of Fe203
Addition and Mechanical Activation on Thermochemical Heat
Storage Properties of the Co304/CoO System", Journal of Particle
Science and Technology, Vol. 4, pp.13-22, 2018.

[14] Nekokar, N., Pourabdoli, M., Ghaderi Hamidi, A., "Effect of
Mechanical Activation on Thermal Energy Storage of Co304/CoO
System", Advanced powder Technology, Vol. 2, No. 29, pp. 333-
340, 2017.

[15] Hasanvand, A., Pourabdoli, M., Ghaderi Hamidi, A,
"Thermochemical Heat Storage Properties of Mechanical Activated
Co304-5 wt. % AI203 and Co304-5 wt. % Y203 Ccomposite
Powders, Iranian Journal of Materials Science and Engineering, Vol.
16, pp. X-X, 2020 (In press).

[16] Hasanvand, A., Pourabdoli, M., Theoretical Thermodynamics and
Practical Studies of Oxygen Desorption from Co304-5 wt. % Al203
and Co304-5 wt. % Y203 Composites”, Jouranl of Particle Science
and Technology, Vol. 4, pp. x-x, 2018 (In press).

[17] Nekokar, N., Pourabdoli, M., "Isothermal Redox Kinetics of Co304-
Fe203 Nano-Composite as a Thermochemical Heat Storage
Material", International Journal of Engineering, Vol. 32, pp. 1200-
1209, 2019,

G5 -4

P 5 ilueslel il bobre cilise sla g, Sl gt cnl 5
wilize clo by 45 AbOs o C0s0s (6,5l wwoles (gjle bylie)
Lylie s 5 ilizs gliile; o ALOs g C0s0p ailSlaz (o Sl
95 AlOs (539 0ey3 5 (5ol LS oSt o9l 05 (Wl s5le
ST G 5Pl e PSSl g agl Gl sy S Gl
b ol Gz Gl 5l s @l 9 285 518 e 9,50 LS

sl 56 olyie @ o o3 ojlail (2l 53 5 pariesll a1 (09531 -1
o Al LS ST & e ool (5551 oS byl Gial5H] e

YW

0533 Cudyl g oole Ol,3 o3l cwgmme G (3luoslel g, -2
LT LS ST a5 Lladiges 18 (51> 651 0,055 b ) (3enS]
Oty cind bole a8l 5B L s 5 0ad (5,8l celo 16
RCERY NI TN PYVER U

S 4 S g S 51 S5 lasgio o3ll ladises lS 5o -3
-2l Al

3B Ll a8 lo b (AlZOs) w5l 5B (o) SLsl i (e -4

0l dngd digel 4S5 (6,eb 4 Canl Joglhe O3 ojlul ralS gl i)
el 7 pgiwdlocaSt 5 ool g BLul cele 1 cdlSons]

Libd}}.eﬁ ﬁLMJ A Sl pow JSH...: )| Ay &5)"“’5 ;’:l)é o)'L.xS‘ (R 6)15L3"“T

aassls

33y S 0,53 Eud b b garan Logy) ools i85 )3 o5lail -5
58 313 oslail il 1 c Sy sy dlez 3l else ple g s o0le

aed Fge 3l )0 5 el 3B L8025 g a9l

&lw -5

[1] Mahlia, T. M. |, Saktisahdan, T. J., Jannifar, A., Hasan, M. H.,
Matseelar, H.S.C., "A Review of Available Methods and
Development on Energy Storage; Technology Update", Renew
Sustain Energy Rev,; VVol.33, pp. 532-454, 2014.

[2] Pardo, P., Deydier, A., Anxionnaz-Minvielle, Z., Rougé, S., Cabassud,
M., Cognet, P., "A Review on High Temperature Thermochemical
Heat Energy Storage", Renew Sustain Energy Rev; Vol. 32, pp.591—
610, 2014.

[3] Yan, T., Wang, R. Z., Li, T. X., Wang, L. W., Fred, I. T., "A Review
of Promising Candidate Reactions for Chemical Heat Storage",
Renew Sustain Energy Rev, Vol. 43, pp.13-31, 2015.

[4] Abedini, H., "A Critical Review of Thermochemical Energy Storage,"
The open Renewable Energy, Vol. 4, pp. 42-46, 2011.

[5] Aydin, D., Casey, S. P., Riffat, S., "The Latest Advancements on
Thermochemical Heat Storage Systems", Renew Sustain Energy Rev,
Vol. 41, pp.356-367, 2015.

[6] Agrafiotis, C., "Exploitation of Thermochemical Cycles Based on
Solid Oxide Redox Systems for Thermochemical Storage of Solar
Heat ", Solar Energy, Vol. 114, pp. 440-458, 2015.

[7] Carrillo, A., "Thermochemical Energy Storage at High Temperature
via Redox Cycles of Mn and Co Oxides", Solar Energy & Solar Cells,
Vol. 123, pp. 47-57, 2014.

[8] U.S.Department of Energy, "Thermochemical heat storage for
concentrated solar power", General atomic project 2011; GA-C27137.

1144

0359405 (5 )9US 9 pgle &y juis



