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Thermodynamics principles
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Merits and challenges

• Feasible operating temperature of the solar 

reactor;

• Energy consumption for pumping;

• Fast preheating to avoid volatile by-products 

formation in forward reactions with 

complicated chemistry;

• Avoiding reoxidation and by-products 

formation in the reverse reactions. 

Energy consumption in vacuum pumping
per 1 kg metal product
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1 – reaction temperature [o C], 2 ,3,4– pumping energy; 5,6,7 –total energy; 8 – solar heat net; 9-energy         

consumption in electrolytic industrial process

2 ,5– 55.5 mol CO +0mol Ar / 7.65 mol O2+0mol Ar per hour;

3 ,6– 55.5 mol CO +55.5mol Ar / 7.65 mol O2+7.65mol Ar per hour;

4 ,7– 55.5 mol CO +100mol Ar / 7.65 mol O2+15.3mol Ar per hour;
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Schematic layout of 
the experimental setup
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Reactor under test condition at 
about 1500°C  

With molybdenum susceptor
(Test type M)

With graphite susceptor

(Test type G)

Reactants pellets

(Stoichiometric Al2O3+3C)

Beech charcoal Alumina/nano

SEM image of a single pellet
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Temperature measurement

K=0.91 – quartz window attenuation factor; ε ≈0.98 – effective emissivity

]1)1(ln[
/

2

2 +−
=

measTCreal

ek

C
T

λ
ελ

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

t meas [
o
C]

t  
re

a
l 

[o
C

]

treal [C], ε=1

treal [C], ε=0.9

treal [C], ε=0.8

treal [C], ε=0.7

Typical test parameters
(molybdenum susceptor with 2.7 g pellets as an example)
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CO flow rate and partial pressure for different test 

temperatures (alumina carboreduction)
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Test type M, 1500°C, 2.7 g mixture
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Logarithmic plot for the initial reaction rate
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Tests results
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XRD quantitative analysis of products 

deposits from different sites in the reactor

Zn2Mo3O8ZnOZnC crystal.Al4O4CAl4C3
Al2O3Al

Sample 

mass 

[g]

Sample 

place

Reac-

tants

[weight   %]

---07.633.7058.70.413a  *

Al2O3

+3C

1515
°C 

---090.36.802.90.073b

---025.255.619.200.14 

---9802000.0158 

51.938.69.6-----6.631+3

ZnO

1490

°C

12.152.435.5-----0.35

-15.584.5-----1.156a+6b

-2.297.8-----1.777

 *a – outer layer; b –inner layer

Powders and drops at different deposit sites

Place 3a, 58.7%Al, 69w% of all deposit 
(test type G at 1515°C)

Place 4a, 100%Al, 18 w% of all deposit 
(test type G at 1390°C)

Place 6a+7,  97.8%Zn, 30w% of all deposit 
(test type M at 1490°C)
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Deposits morphology 

(SEM images with EDS data)

100µm

100µm 10µm

0.991.61Ca

0.410.53S

75.6782.95Al

22.9314.91O

Atomic%Weight%Element

Sample 3a 

with reduced aluminum

86.3096.26Zn

13.703.74O

Atomic%Weight%Element

94.0898.48Zn

5.921.52O

Atomic%Weight%Element

Sample 7 

with reduced zinc

Summary and conclusions

• First results of alumina carboreduction and zinc oxide thermal
splitting in vacuum at temperatures up to 1800°C and total
pressure less than 1 mbar are presented .

• At temperature higher than 1500°C and CO partial pressure of
<0.1 mbar, the forward reactions is fully completed and the
products of reaction in gas phase leave the crucibles. Solid by-
product were not found there.

• Round form of aluminum particles indicates that the main
mechanism of Al deposition is vapor condensation. Most
aluminum vapor that condensates on the surface of the ceramic
tube with high temperature still subject to reverse reaction with
by-product formation. The achieved aluminum yield is about 60
weight% according to the XRD quantitative analysis and about
83 weight% according to the EDS analysis .
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• Specific shape of almost fully reduced zinc discovered on the

coldest lower part of the ceramic tube leads to the conclusion that

the main mechanism of zinc vapor deposition is desublimation that

happens in places with temperature suitable to avoid reoxidation.

• Solar reactor design has to guarantee drastic temperature drop

at the interface between the reaction chamber and the quencher to

ultimately avoid the reverse reaction.

• Investigation will be continued to make a compromise between

maximal acceptable temperature and pressure as well as minimum

use of carrier gas to decrease the electrical energy consumption in

the pumping.

Summary and conclusions (contd.)


