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Project Team: Members

Morgan State University

» Yucheng Lan (PI).
» Numbers of grad: 1;

Numbers of undergrad:

2.

University of Wyoming
» Dr. Hertanto Adidharm

(co-Pl) and Dr. Maohong
Fan (co-Pl)

» Numbers of student: 1
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Project Team: Related Previous Work on Thermosensing
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Ag-base thermosenors at nanoscale. CdS-based thermal history sensing.

Thermal sensors.

% Adv. Mater. 21 (2009) 4839; Part. Part. Syst. Charact. 32 (2015) 65. Aé
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Project Team: Facilities at Morgan

Setaram TAG 24-24 simultaneous

digital thermoanalyzer.

Hitachi S-5500 cold
field-emission scanning
electron microscope.

Physical Property
Measurement System
(PPMS).

Scintag PAD-V high precision
automated X-ray
diffractometer, Rigaku
MiniFlex desktop X-ray
diffractometer.

Atomic force microscopes
(AFM).

LECO HR-1B-2 hydrothermal
system.



Project Team: Facilities at UW

FEI G2-F20 TEM.

FEI FEG450 SEM with EDS.
DXR2Xi Raman Imaging Microscope.
SmartLab X-ray diffractometer.
MFP-3D Origin AFM.
Thermogravimetric Analyzers (TGA).



Background: Thermoelectrics
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Luigi Galvani (1737 - 1798) Alessandro Volta (1745 -
and experiment frog legs. 1827) and a voltaic pile.
Italian physicist. Pioneer of Italian physicist and chemist.
bioelectricity. Pioneer of electricity and

power.

en.wikipedia.org



Background: Seebeck Effect

AV =S5(T,—T.)

Thomas Johann Seebeck
(1770 - 1831). German
physicist. Discover of
thermoelectric effects.

S: Seebeck coefficient; V:
electromotive force (Seebeck
voltage); Tx: temperature of hot

end; T.: temperature of cold end.

en.wikipedia.org; Seebeck, Abh. K. Akad. Wiss., Berlin, 289, 1821; 265, 1823. ‘é
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Background: Alloy-based Thermocouples
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E chromel — constan- -50 — 740 B 70%Pt / 30%Rh — 94%Pt / 6%Rh 50 - 1820
tan R 87%Pt / 13%Rh — Pt 0 - 1600
J Fe — constantan -40 - 750 S 90%Pt / 10%Rh — Pt 630 - 1600
K chromel — alumel -200 - 1350 C 95%W/5%Re — 74%W /26%Re 2329
M 82%Ni / 18%Mo — 1400 D 97%W/3%Re — 75%W /25%Re 2490
99.2%Ni / 0.8%Co G W — 74%W/26%Re 2,300
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*: by weight. T: Temperature range (°C).

*: by weight. T: Temperature range (°C).

instrumentationtools.com; en.wikipedia.org
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Background: High-Temperature Alloy-based Thermocouple
Assemblies

» Cost. Noble metals, such as Pt and Rh, are used.

» Slow responsive.
> Bulky.



Background: Seebeck Coefficient and Semiconducting
Thermoelectric Materials
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S is Seebeck efficient.

kg is the Boltzmann
constant.

m”* is the effective mass the
carrier.

T is temperature.
e is the unit charge.
h is the Planck’s constant.

n is the carrier concentration.
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Snyder and Toberer, Nat. Mater. 7 (2008) 105; M. Cutler, et al., Phys. Rev. 133 (1964) A1143.
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Background: Advanced Semiconducting Thermoelectric

Materials
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Nanostructered thermoelectric
materials.

> TOpZ BigTe3

thermoelectric
nanocompos-
ites with its
microstructur-
res.

Bottom: Mi-
crostructures
of Sig5Ge5
thermoelectric
nanocompos-
ites.

Adv. Func. Mater. 20 (2010) 357; Phy. Rev. Lett. 12 (2009) 196803; Nano. Lett. 9 (2009) 1419.



Project: Goals and Potential Significance of Results

A new kind of semiconducting thermocouples working in harsh
environments:

» High stability at high temperature.

» Resistance to oxidization, erosion, and shock.

» Simple structure and easy maintenance.

» Low Cost.



Project: Semiconducting Thermoelectric Ceramic
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Working at high temperatures, with high chemical stability and high erosion

resistance.
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Project: Relevancy to Fossil Energy

Superheater

Superheated
= Steam

Coal Bunker

> Flue Gases

= =
='FD Fan

8

L5y .
Pulverising PA Fan Air Preheater
Mill

Bowen Steam Plant. A coal-fired power station in

Georgia. Pulverized coal-fired boiler in thermal-power-plants.

» Coal combustion at 1,300 — 1,700 °C.

» Coal-fired thermal power plant: emit CO,, SO2, NO,, solid waste under
high temperature / high pressure.

» Overall coal plant efficiency: 32 — 42 %. Efficiency: 35 — 38 % at 570 °C
and 170 bar, 42 % at 600 °C and 220 bar, 48 % at 600 °C and 300 bar.

Thermal sensors work under harsh environment to control temperature
accurately. The proposed thermocouples will be good substitutes. E

en.wikipedia.org; coalhandlingplants.com



Project: Milestones and Schedule

» Ceramic synthesis and structural characterization.
» Seebeck coefficient measurements of semiconducting ceramics.
» Fabrication of thermocouples and emf measurements.

» Stability characterization of thermocouples

Budget: $ 500K.



Project: Project Risks and Risk Management Plan

COVID-19 and pandemic

scottcountyiowa.gov



Comments and Questions 7



