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Material Challenges in Geothermal

* Temperature
e Conventional Geothermal
* T<300°C (572°F)
* Not very hot for a steam turbine
e Future — Ultra High Temperature
e T<600°C (1112°F)
* With the range of Elliott’s Hot Gas Expanders

* Varies by location
* Depends on the system design

e Varies by location
* Depends on the system design
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Possible Constituents in Geothermal Fluids
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Geofluid Compositon - Minor Constituents
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47 of 118 (40%) of the elements on the periodic table are listed
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Material Properties with Temperature and Environment

e Tensile tests
* Yield Strength
e Tensile Strength
e Elastic Modulus
e Poisson’s Ratio

e Fatigue Crack Growth

* Paris Law Constants
* Ky

* Fracture Toughness

* Reduction of Area " Kic
« Percent Elongation  Strain Based Fatigue
e Stress Based Fatigue * Cyclic Stress-Strain
o e Strain Life Curve
* Endurance limit

e Goodman Factor Values

e Stress Relaxation
e 100,000 hr Rupture
e Larson Miller curve

‘/‘ The world turns to Elliott.



Step 1. Corrosion Test Conditions;

Material: Next Page (Surface finish: 1um diamond paste)
Temperature : 350°C

Test condition : N,+10%H,0+10%CO,+200ppm H,S+100ppm HCI
Mixed salt : ((Na,K)Cl+(Na,K)SO,) ([K*]/[Na*]=0.2, [CI-]/[SO,2~]=1
Amount of salts : 3~4 mg/cm?

Exposure time : 48h

] s

+ Reaction tube: Quart glass

NL+HCI | [COp
] g active alkali
iﬂh\ carbon [scrubbler
_I mﬁst piece coated with mixed salt
I

Mixed salt
‘I\‘"“*'H,;O ((Na,K)CIl+(Na,K)SO,)

o~ Thermostated bath
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Corrosion Testing Setup

Max: 360°C
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Temperature / °C
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Appearance of Test Pieces after 48 Hour Expsoure

Before
corrosion
test

After
corrosion
test

After
descaling
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Environment Testing =
- Static Load -

Temperature : 350°C

Furnace |Stress Test condition :

1

N,+10%H,0+10%C0O,+200ppm
H,S+100ppm HCI

Amount of salts : 3~4 mg/cm?
Exposure time : 48h

] INL+HCI NL+H,LS | | condenser
N, - __J | Reaction tube active | yjkali
- E:arbom scrubbier
\
Test piece coated with mixed salt
Mixed salt: ((Na,K)Cl+(Na,K)SO,)
' ([K*]/[Na*]=0.2, [CI")/[SO,2~]=1)
~_ ~H,0
Thermostated bath
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3-5 320 MPa
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Before testing After testing

I

Static stress applied cond.

(reference sample)

No stress applied cond.
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Loading Protocol to obtain threshold, Py,
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FIG. 3 Schematic of a (10/5/2,4) Step Loading Profile to Deter-
mine Threshold for the Hardness of Steel = 33 HRC to 45 HRC

Kisce test method (based on ASTM F1624-12) ==y

SN(1)-Baseline: fast fracture test of specimen after plating to

measure Pyax = Prre. (This ensures that no cracks initiated or
softening occurred during the plating process)

For the hardness range of >54 HRC (see Fig. 1)
SN(2)-(20/5/1) @ Puyax = Peesi — Pina

SN(3)-(20/5/1) @ Pyax = 1.1 % Py = Py
SN(4)-(20/5/1) @ Pyax = 1.1 x Pa; — Pina

and if necessary;

SN(5)-(20/5/1) @Pypyax = 1.1 ¥ Py 5 — Pya

Measures F'th-EHE' Pth—SCC! or |D1|-|_||_|E when é.F'th =5% PFFS

or,

For the hardness range of =45 HRC to 54 HRC (see Fig. 2)
SN(2)-(10/58/1,2) @ Pyax = Prersi — Pine

SN(3)—(10/5/1,2) @ Pyax = 1.1 X Pyy; = Pyro
SN[4)_[1D.}5J;1,2) @ PMAX' =11x F'ih-E: — Pth-ﬂ

and if necessary;

SN(5)=(10/5/1,2) @ Pyax = 1.1 X Pya; — Pyra

measures Pth-EHE' Pth-SCC , Or Pﬂ-,_"_"; when aﬂ.Pth =5% FIFFS

I Ft.;r the hardness range of =33 HRC to 45 HRC (see Fig. 3) I
= ) MAxX — FFrs: — Fina

SN(3)-(10/5/2,4) @ Pyax =11 x Py y; = Po
SN{4}—(1D.|"I5)’2.4:| @ PMA){ =11x Hh—E! —* Pth—S

and if necessary;

SN(E)-("DFIE-’E,‘:‘) @ PMA?{ = 11 X P1h-3; — P‘th--i

measures Py, ene: Pinsco » ©F Prane When ARy, = 5 % Preg
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P Kisce test method (based on ASTM F1624-12) s

—

Test conditions Saaicisics 1
» Test equipment:

Shimadzu Servo Pulsar EHF-EUDS0KN-10L

type manufactured by Shimadzu Corporation
» Test temperature: 350°C+10°C

Test atmosphere:

*Same conditions as the corrosion test

» 1st: N,+10vol% CO,+10vol% steam +

"~ Test chamber cover

~ Thermocouple

. Heater

|" CT specimen

200ppmv H,S+100ppmv HCI v * Glass tube
« 2M:100% N, gas Chuck jig ~ Gas introduction
» Test gas flow rate: 500ml/min
5 : ; Gas flow Steam |
» Loading speed: 0.15 kN/min controller\ generator

| —L L Mixed gas
s i [

CD: N,

Gas supply source ——b
Schematic diagram of the K,gc test
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