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SECTION 1: WHAT IS SOLPART ?
Its Objectives:

Develop, at a pilot scale, a high temperature (= 1000 °C) 24
h/day solar process suitable for particle treatment in energy
Intensive non-metallic minerals’ industries.

Its Project Concept:

* Supplying totally or partially the thermal energy
requirement for CaCO;, calcination by solar heat, which is
60% of the total required energy in a cement plant and
100% in a lime plant [also applicable for MgCa(CO3)].

* Examining other thermal applications for other minerals.
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* Limestone (idem CRM)  850-950 °C as f(Pco2)
Target 1500 to 2000 kJ/kg limestone, f(degree of heat recovery)

* Dolomite 650-750 °C as f(Pco2)
Target 1000-1100 kJ/kg dolomite, f(degree of conversion)

* Kaolinite --> Metakaolinite 550-900 °C
Target 500 to 700 kJ/kg kaolinite, depending on degree of heat
recovery

* Phosphate ore --> high grade phosphate feedstock
Target Max. 300 kJ/kg (Slightly exothermic by combustion of C-
contaminants at T > 700 °C; Mostly endothermic through
calcining calcite dehydraltion of Al-compounds)

* Clays with organic contaminants 700-800 °C (Exothermic through
combustion of organic contaminants at T > 700 °C)
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Its Expected Results and Impact

» Demonstrate a pilot scale solar reactor (about 30 kW)
suitable for calcium carbonate decomposition and cement raw
meal calcination (calcination reaction: CaCO,; = CaO + CO,).

» Simulate at prototype scale a 24 h/day industrial process
(TRL 4-5) thereby requiring a high temperature (about
900 °C) particle transport and storage system.

* Reduce the CO, emission by 40% in the lime and cement
iIndustry and by 100% if CO, capture and sequestration Is
applied. Inject 60% solar energy in cement processing.

* Develop a solar technology able to treat particles to about
900 °C and apply it to various minerals.
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Its Project Partners

Participant N L Organization
Participant organisation name | Short name Country
No * type
1 Ce.ntre. !\Iaﬂonal de la Recherche CNRS Resgarc.h FR
Scientifique organization
2 CEMEX CEMEX Industry CH
3 Deutsches Zentrum fir Luft- und DLR Resgarc.h DE
Raumfahrt EV organization
4 Abengoa Research ABENGOA Industry SP
: : High
5 University Manchester UMAN . UK
education
5 European Powder & Process EPPT SME BE
Technology
7 COMESSA COM SME FR
8 EURONOVIA EURONOVIA SME FR
9 New Lime Development NLD SME BE
10 Universitée qul Ayyad UCA ngh MA
(& OCP as third party) education
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SECTION 2: The major bottleneck: Particle FLOWABILITY

1. Cement raw material, limestone, dolomite
(Sauter mean particle size)

CRM, 3.60 um

CRMg 5.90 ym

CRM, 5.95 um

_Imestone (classified) 50 — 60 um
_imestone (commercial filler) 0—150 um
Dolomite (classified) 50 — 60 um
Dolomite (Soil amendement) 0—-130 um
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2. Cohesiveness of the powders
Various criteria

(1) Geldart classification: C/A
(2)Hausner ratio = p,pneq! Phuik
(3)Yield limit: consolidation v.s. shear
(4) Angle of Repose (AoR)
(5)Wu-Baeyens balance of forces

(6) Uni-axial compression/shear test
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Hausner ratio (1ISO 787 — 11)

Hausner = 1.25 = cohesive

RCM, 1492/1191 = 1.25
RCMg 1521/1106 = 1.38
Limestone 1560/1487 = 1.05

Bulk density

RCM, 1191 (850°C, 3 kPa) — 1078 (20°C, 1 atm)
RCM; 1106 (850°C, 3 kPa) — 1052 (20°C, 1 atm)
CaCOs 1560 (850°C, 3 kPa) — 1492 (20°C, 1 atm)
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Angle of Repose (Raymus, 1985)

AOR < 30: good flowable

AoR 30 - 45: some cohesiveness

AOR 45 - 55: true cohesiveness

AoR > 55:  high cohesiveness, limited flowability
Performed by pouring preheated CRM and limestone on

plate in oven and measuring angles (CRM even >> 90° if
cavity forms)

~20 °C
~570 °C 58° 67° 66° 29°
-850 °C 70° 72° 71° 31° (800 °C)
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Wu — Baeyens balance of forces
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Yield limit (Jenike criteria)

Consolidation — incipient flow

The flow factor ratio ff, = 0,/0. characterizes the flowability
of bulk solids, where greater values of the ratio represent
a greater flowability of the powder. The numerical
classification is the following [Schulze, 2008]:

ff.<1 non-flowing
1<ff,<2 verycohesive
2<ff,.<4  cohesive

4 <ff,.<10 easy-flowing
10 > ff, free-flowing
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Flowability assessment

Limestone/dolomite: no problem, perfectly flowable

Cement raw meal: cohesive to very cohesive according
to all criteria

AoR > 72°, silo should have angle = 75°
Low consolidation stress

Shear and/or Vibration is needed (air flow) to reduce
Fyqw (EXplains hopper construction in CRM storage
silos.)
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SECTION 3 : Reactor Development and Testlnq
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Rotary Kiln (DLR)
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Further Challenges and Barriers

» Improve the use of CfBFB and Rotary kiln le to process
continuously particles with various sizes and reaction
temperature, including dust abatement.

» Further improve the integration in existing plants (cement,
lime, phosphate).

» Further develop the rectors and handling facilities to deal
with very fine and cohesive particles (solution tested on cold
model)

» Scale-up to MW production facility (first exercises
completed for Carmeuse (lime-Turkey), Cemex (CRM-Spain)
and phosphate (OCP-Morocco)
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Thank you for your kind attention

Jan Baeyens, on behalf of all SOLPART partners
Co-inventor and co-patent holder of the Cf{BFB

“This project has received funding from the European Union’s
Horizon 2020 research and innovation program under grant
agreement No 654663, SOLPART project."
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