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Source of geothermal energy

* High temperature
geothermal areas situated
on geological hotspots

* Relatively short distance to
retrieve energy from the
geothermal reservoir

Glatal Map of Volcanoes. Fram the Global Volcanism Pragram website.

I- Utilization of geothermal energy
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e High temperature
geothermal wells

e Electricity + hot water
(space heating)

* in Iceland geothermal
energy is 66% of primary
energy

* 85% of all houses in
Iceland are heated with
geothermal energy
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Geothermal Power Production
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Corrosion in Geothermal Systems

* Materials in direct contact with geothermal fluid can be
subjected to corrosion

* Corrosion aggressiveness of geothermal fluid depends
on chemical composition and physical characteristics of
the fluid and exploitation parameters

» e.g. H,S, CO,, HCI, CI

* pH level, temperature, flow rate

Copyright ©University of Iceland 2020 7
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Corrosion Challenges

* Geothermal Power Plants
* Gas lines & equipment in H,S abatement systems (H,S rich)
* Turbine components (droplet formation, oxygen ingress)
* Heat exchangers (condensation)

* High Temperature Geothermal wells
* In casings and wellhead components

Copyright ©University of Iceland 2020
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Marta Ros Karlsdottir, Jukka Heinonen, Halldor Palsson and Olafur Petur Palsson, High-Temperature Geothermal Utilization in the Context of European Energy

Policy—Implications and Limitations, Energies 2020, 13, 3187; doi:10.3390/en13123187

Helen ©. Haraldsdttir, Corrosion Testing of Coatings for Turbine Components in Geothermal Environment, M.Sc. Thesis, 2018, University of Iceland, Reykjavik.
S5.M. Karlsdottir, 5.M. Hjaltason, K.R. Ragnarsdottir. “Corrosion behaviour of materials in hydrogen sulphide abatement system at Hellisheidi geothermal power

plant”, Geothermics, [70], 222-229 (2017).
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Geo-Coat project

GE®-COAT

“Development of novel and effective corrosion resistant
coatings for high-temperature geothermal applications”

Copyright ©University of Iceland 2020
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Materials & Methods
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High-Velocity Oxygen Fuel
(HVOF) process
[Courtesy of TWI]

Laser Metal Deposition (LMD)
process
[Courtesy of TWI]
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Experimental Approach

* Down selection after laboratory tests @RT

Laboratory tests at RT
- wear (PoD) and erosion-corrosion tests

- electrochemical tests in 3.5wt% NaCl

Corrosion testing in simulated high
temperature geothermal environment

Long term in-situ testing of coatings

Verification by coating a component

Copyright ©University of Iceland 2020 14
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Materials & Methods
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High-Velocity Oxygen Fuel
(HVOF) process
[Courtesy of TWI]

Laser Metal Deposition (LMD)
process
[Courtesy of TWI]
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Corrosion Testing in Simulated High
Temperature Geothermal Environment

Copyright ©University of Iceland 2020 16
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Hellisheidi Powerplant

Heat exchangers Electrical power plant

Cooling towers

Separators

Figure 10 Cverwew af Hellishaidi power plant, 1) Turbines 1-4, 2 turbine 11, 3) heot exchonger, 4) turbines 5 and 6, 5} Figure 2: Dvervieyy of Nesiavellic pawer piast [1]
ol buliaieg for fluig distnbution, 6] boiler, 7 low pressure seporotars, 8] malsture seporators, 9) workshop, 100 cooling
towers (photo: Gretar lwarssan).

GeoCoat Deliverable Report D1.3: “Report on characterisation of geothermal fluid.  Sigrin Sif Sigurdardottir et al.
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A combined
overview of the
range of the
properties and
chemical
composition at the
different sampling
locations at
Hellisheidi power
plant

Table derived from GeoCoat Deliverable #1.4:
Report on characterisation of geothermal fluid.
Sigrin Sif Sigurdarddittiv et al., 2o1g.
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Corrosion testing in simulated geothermal environment

* Uol: Flow Through Reactor (FTR)
* Continuous flow of solution for replenishment of H,S and CO,
e Test time: 7 days (12 types of specimens)

R A A
- [°C] [ppm] [ppm]

185 0.5 1012 1202

« TWI: Autoclave
» Static conditions
» Test time: 60 days (12 types of specimens)

Co,
CEA IR

7100 4000
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High temperature corrosion testing in FTR

NasS + 2HCl = HES;E}‘T + 2NaCl

NaHCOs + HCl -> COxg T + NaCl + H20
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Corrosion testing in high temperature
simulated geothermal environment

Challenges in corrosion analysis of coatings in high
temperature corrosion testing

 What to look for?

* Weight loss method —CR ?

Copyright ©University of Iceland 2020 25
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Microstructural and Chemical
Composition Analyses

Copyright ©University of Iceland 2020
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S3 (A470) Tested in simulated geothermal HT conditions
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HEA2 coating w. gap tested in simulated geothermal HT conditions
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HEA2 coating w. gap tested in simulated geothermal HT conditions

S2 - Cross-section in gap
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CA2 coating tested in simulated geothermal HT conditions

S Eal O ilul Ra Eal ¢

ED% Ln!l:md ]mnEn 2 s

i Kal Fe Kal Clinl

L

Cee:IE Coz20R
Phg= 125X

Copyright ©University of Iceland 2020 38



& :R\-}I- 5 UMNIVERSITY OF ICELAND

CA2 coating tested in simulated geothermal HT conditions
Cross-section
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Summary

* Simulated geothermal environment established in laboratory
with FTR corrosion tests equipment

* Corrosion film comparable to what is found in in-situ conditions

* Promising results for HEA2 coating:

* Good performance in HT simulated geothermal environment with
H,S & CO,

* Formation of passive film — Cr, O rich
* No cracks or ingress of corrosive species

* But evidence of increased corrosion effects in SS substrate for sample
coated with gap

* Galvanic effects — HEA2 more noble than SS 316

Copyright ©University of Iceland 2020
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Summary

* For the cermet coating CA2:
 More porous due to deposition technique
* More brittle
* Evidence of ingress of corrosive species (S, O)
* But no rapid dissolution of coating

* First results from in-situ long-term test support
results found in laboratory HT corrosion test in
simulated geothermal environment

Copyright ©University of Iceland 2020 11
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