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Outline
Brief Introduction and RUS at NCPA

= Fundamental concepts
= RUS capabilities at the Univ. of Mississippi & NCPA

Hardware and Data Acquisition
*= Furnace and temperature control

= Direct contact & buffer rod transducers

= Experimental procedures

Data Analysis and Fitting

= Peak fitting: Lorentzian fits vs rapid “peak picking”
= Buffer rod peaks

= Batch moduli fitting on a computer pool

Current Projects
= Novel thermoelectric materials
= Charge order transition
= Glass transition in bulk metallic glasses ;¢ ¢ladden




Goals and Procedures

transducers
als of RUS
sasure elastic f
\\\\ nsor and acoustic i E
enuatlon in a single ‘ :

uu
rystal sample

temperature

sample

in-phase

quadrature

Procedure

* Measure resonance spectrum of a polished
parallelepiped sample

* Obtain a list of the center frequencies for
lowest ~ 25 peaks

* Use spectrum, geometry, density to
compute elastic constants
(nonlinear fitting scheme) JR. Gladden



RUS at the NCPA

Thin films and small samples

_ transducers

=% High Temperature
(up to 1000 °C)




Supporting Facilities
| Pq_wer XRD S Lapping Machine

ackrefloction XRD

~ i IR Gladden (][]



Temperature Control

furnace (<1050 °C)

ow flow 95/5% Ar/H (~1LPM)
| emperature stability: ~0.5 °C
emperature monitored

e
J_meter: < 5 ppm

Ceram iIc alumina
Infrastructure

J.R. Gladden



Direct Contact and Buffer Rods

transducer output signal
N
[ < ] thermo-
silvered couple
sample epoxy NS
1 2 <:--- buffer
N — d
transducer 5 Q §r0
N %
transducer input signal
d
@ @

= Below 650 °C —» custom designed direct
contact transducer system

= Above 650 °C -» 25 cm fused quartz buffer
rods are required. IR Gladden




Direct Contact Transducers

«—— high temp
il coax

'y niobate .
0 ezoelectrlc (Au electrodes)

steel tube
empe rature coax it
tem peratu re: ~650 °C g
t generation L ground
GaPO, or Langatate . /;;ered
piezo w/ Pt electrodes T i

Conductive adhesive (1 part): lithium niobate piezo
Aremco Products Pyro-Duct

Expected upper range 950 °C J.R. Gladden



Buffer Rod System

. transducer output signal
oW attenuation and | {\ N
1ermally stable materials:

H . = sample
alumina or fused quartz 4

o ik . C __FF hefma:
tton type lithium niobate T TR couple
bonded to end C .

ith conductive epoxy. i !

dlems _
- o
Sample loading = 10 grams  wansducer | input sgna

3 mode dependent frequency upshifts ~0.1%

High rod mode density in scan range — difficult
to differentiate sample peaks from rod peaks

SNR ratio down by ~ 100

J.R. Gladden



Sample Data

_— Direr':t Contact | . |
0141 __ Buffer Rod (x30) SiGe @ 500 C -
0.12}
| Af=0.05%
S
E
 0.08}
,43 e -—
-
E 0.06 |-
0.04 |
0.02f ‘
0.00:3 734 735 736 737 738

Frequency (kHz)
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Procedures

| T = room to 1000 C
Direct contact measurement: 22 - 600 °C.

cquire data periodically as it cools,
Including room temperature.

* Check for thermal cycling effects
ransfer sample to buffer rod system.
Acquire data periodically below 600 °C.

* Check for loading effects

= Aides in sample / buffer rod peak
differentiation

BR system requires continuous
requency scans

* Time per temperature: ~ 25 min.

J.R. Gladden



Peak fitting schemes

>Cilab script for slicing a section of a data

and fitting up to four peaks with a
orentzian function.

I
PIck starting frequencies from plots.
Dump center frequencies and Q's to file.

/\

J

broad spectrum

F‘Jﬁ?T

frequency

X

f=1.010255

Q=9622

Lorentzian fit

NJF

f=1.013981

Q=17764

frequenagy. Gladden
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Quick Temperature Trends

ython program for plotting magnitude for

ultiple scans

* Matplotlib module provides convenient pan and
zoom features

Center frequencies recorded by clicking

Zintl phase thermoelectric

Magnitude data. 1.000
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Parallel moduli fitting

ow symmetry (i.e. trigonal) moduli fits require
30 min per temperature X 30 temperatures.

ython control script for running fitting program on
ultiple computers through SSH connections.

Detects number of cores on each CPU

HH
Scalable - 1 desktop to a cluster

|mension
adjustments
Consistent

ode weighting

Results




Thermoelectrics
»»»»»»»» Seebeck Effect

hermal gradients 3 electric potential

W Peltier Effect
Electric potential 3 thermal gradients

power generation cooling mode
active cooling

at SOUFCG

i1}

heat sink

\"’
I L =4
T




Thermoelectric Applications

“““ Generation
Waste heat recovery, power scavenging

Radioisotope Thermal Generators (RTGS)
deep space probes (~14 year lifetime)

No carbon emissions
Scalable - car engines to manufacturing plants
eating / Cooling GPHS-RTG

Aluminum Outer Active Cooling Svstem

LO C a I i Ze d C O O I i n g Cooling Tubes Shell Assembly (ACS) Manilold
cal e ¥ . Pressure
HLS-:ll Sm:']:-t 1as Management l HE; e Relief Device
58

i e 3
CPU chillers and T . L —
car seat heaters N S —— ==
No moving parts
or refrigerants L ‘ ‘



Thermoelectric Materials

gure of merit (ZT)

lectrlcal conductivity, S : thermopower (u V/K) ZT . £ O 'S T
MH‘ :average temperature, x : thermal conductivity _

K
b p-Type zT
14 - = Measure of
LLSME3 — efficiency
L = ZT ~ 1-2 is good
0.8 | .
W = ZT > 3-4 is

Ei required for TE to

5% be competitive
ol o v i o e v o1 = Maximize S and
0 200 400 600 800 1000 minimize
mm Temperature (°C) K ; =%

elec TK lattice

Ly J.R. Gladden

rtesy of Toberer & Snyder, Cal. Tech.




TE Device Efficiency

arge thermal gradients (TH_ TC) (y— 1)
better efficiency - T +y T
umes ZT is same for
nd N leg in TE. wherey \/1 ry.. Y
H Oical waste heat 40
” olication: [ =z
300K, T, = 800K, _.J| =1
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14 5% efficiency £« r
uum d to understand g i i
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ZT
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‘ Silicon Germanium

SiGe: Young's Modulus n-SiGe attenuation
‘ : I N 00014 T T T T ] T
= m5iGe Arrhenius Relaxation
= Rﬂg"; . . Initial Heating
A—ah B R i —— A
g npEia | 0.0012 Second Heating
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Irreversible transition
“H‘ Ct of doping levels near 180 C (453 K)
on silicon Arrhenius relaxation model

”‘”‘ with activation energy of

0.27 eV
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Zintl phase TEs

| compounds

)th ionic and covalent bonds

)mplex crystal structure

). ,MnSb__ : tetragonal with 208 atom unit cell

_oS°T
Kr

Z8

arrow band gap semiconductor—e= T 3
. e s ¢
500d TE candidates . COYRL ) T SN
A — y t{
| . Ay ‘4
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Zintl TE: YMS411
Young's Modulus

Young's Modulus (GPa)

3

Young's modulus fit

65.44

e o Temperature ramp up
® = Temperature ramp down
—— Quadratic Fit

100

+ -9.38E-03T + -5.59E-06 T2
260 360 460 560 600
Temp (C)

Frequency fit errors ~0.15% over 25 modes

700

Shear Modulus (GPa)

Elastically isotropic
Quadratic temperature trends

No hysteresis

26.5

26.0 |
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25.0F

245

24.0

23.5F

23.0F

22.5

“ Polycrystalline Zintl TEs

Zintl TE: YMS411
Shear Modulus

e e Temperature ramp up
® = Temperature ramp down
—— Quadratic Fit

Shear modulus fit
26.35 + -4.12E-03 T + -2.09E-06 T2

100

200

300 400 500
Temp (C)

600
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hase transitions in Zintl TEs

Frequency Shifts for YMS410: Run2 YMS410: Run 3
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ree high temperature transitions
correlation with other material properties

signals with buffer rods - need DC system

compute moduli
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Charge order transition in

transition metal oxides
(with Oak Ridge National Lab)

—e Mode 1
1.04} | =—a Mode 2
&—a Mode 3
+— Mode 4

Discovery of a new
(precursor?) transition
at 44 °C
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o—e Mode 2
=—=8 Mode 27
&—4 Mode 28

glass
transition: 430 C s
160 2(I}U 360 460 5[IJI} E(I)U

Temperature (C)

700

Bulk metallic glasses
(with UT - Knoxville)

Irreversible
transition from
glassy to ordered
state

Very tough, wear
resistant,
sustainable
materials

Interesting
fundamental
physics and
practical
applications

J.R. Gladden



Future Directions

Complete new direct contact transducer
assembly for full oven temperature range
(1000 °C)

Complete Zintl phase TE measurements

Begin characterization of lanthanum
telluride TE

Develop non-contact, laser Doppler
vibrometer based transduction system

Add helium cryogenic capabilities to 4 K

Expand work on bulk metallic glasses and
other order/disorder transitions

-
J.R. Gladden ]ﬂ[



Acknowledgments

David Mandrus:

Correlated Electron Materials Group, ORNL
Veerle Keppens:

Materials Engineering, UT — Knoxville
Vilupanur Ravi:

Thermoelectric Group, JPL

Guanyan Li: graduate student, U of M
Rasheed Adebisi: graduate student, U of M

Department of Energy —

EPSCoR Program
(Award #:DE-FG02-04ER46121)

NASA Jet Propulsion Lab
(Award #: NM0710850)

J.R. Gladden

University of Mississippl



	National Center for  Physical Acoustics
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

