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2-6. XX ZA}(Electron Beam Irradiation)
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2-7. AR AL o] &7 AT TF

(Research trends of Electron Beam Irradiation)
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ZAH| 7} ofy  dubdel  AxE

1 T -

d

S o]g3k AW Y. g7
) Fo)] o]gldk TEM AHjv} SEM AH] 5& o]&3stA4 Hd
7FE71E AR FE AR AFESE Y oyx] EEHEFoA

zfol7b v wiigel AAest adE Zlidistrlols olE® Aol

uLoLr/} 30), 31)

2 9lg]~ 7 (Stainless Steel) *V %Yol W 7AH A=

eted WA 2AVE AT H e T2 WA PE o
HEY S A7le AP Eo] Hdol HAY. HEo HIE
FHe /T ATE AAAE o8 AT F 4E BE
o7} A &gE Fofolu}, 3D

A vE woke AF BdE = st olA7bA AR

[il

AR AR AAlste] wiAlgze] WE B S5dwsts A
A7 BHud b gl QAR s AT RA

A2 Wl wE dAdX%(Thermal conductivity)d]
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3. gy
3-1. Al A=z

2 AFoM= Y5 FEE metal base ¢ 48 BiTes (Alfa
Aesar, +% 99.98%)E5 AH&siitt. AAFY EEs AFS
% graphite die o &93}al, carbon punch & ©|-&3}o] dslH&
Uh2 5 SPS AW el ¥t

WA 27 L A

Graphite
mold

a8 3-1. 1 Graphite mold(carbon die) and punch
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3-2. FAl=4 ## H Hall 83 54

(Microstructure analysis and Hall measurement)

BizTes bulk Al A A} A7k Wslel] wa wjA+=

WHats wEEky] 9eke], dEdolAe WEE AuiE 39

xH #FE2 AA wE FAPEAARE (FE-SEM:  Field-
Emission Scanning Electron Microscope <= A3}
APE RN o™, SU70(Hitachi)@ SUPRA 55VP(Carl Zeiss)=

Argste] mAlTE oA S wEeA.
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&
rN
D)
r >
BN
>~
=

o

|5 =4 ol AA Te 7} FEE A=A
o F5 Elst7] flste] AlHe wiAlFx v Al ATre] AAdH
9o EDS(Energy Dispersive Spectrometer)E ©]-83}4] line
profiling & &3} a1, o] & F3l| Te ¢ 3o wE Bi/Te 9
A WItE gededitt. Te o o] W& A| o] 2wkt

TE9 olvx HslE 32ldr] 9sted, Hall measurement
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system (Ecopia, HMS-3000) & A}g&3sle] Hall &3 =AS

-~

sholch. e Hall &3 S4& flste], ¥a AEE 747
2.0omm#*2.5mm Z4deo|9}t FAE= < 100um o FAE =
A27be gele] dletom  dnpsgict. Hudk dhete] FEE
A =E Al 7FEsidANl, dutdo® Hall &% F42
2D FxE 2wt AR e Ang g s 44t
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3-3. AAA ZA} (Electron Beam Irradiation)

AA 2AbE A A7) (EB-tech, ELV 1)E Ab&-31]
AAERF o, A MAEE 10MeV o AL 1ImA o AF
7604 AAESTE Gl o] 1 3 Fd2AF AFS 7Hetste 50KGy,
100KGy, 150KGy 9] Aoz Aol = glon Hu dzFS

A Age BN Zdol HEA @t 200KGy ©lae]

T =

a8 3-3.1 XM 7}S EHH|(ELV1 )Q| AE
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A7z AgEAT. dAAdel 24 Aol dE9fel 1KGy =
IKI/Kg ¢ ©9ish U uxe 2tk el Az
zAkel T3 Zlol= off & 3-3.1 ¢ yeEhAH
Specimen type Electron Penetration
energy depth
Thin-Film 80 ~ 300KeV 0.4mm
Thick-Film 300 ~ 800KeV 2mm
Wire & Cable 0.4 ~ 3MeV 10mm
Bulk 3 ~ 10MeV 40mm
# 3-3.1 HxpMe| 7k Hgat AEH HEfo o2 HXH Fab Ho|
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Accelerator
" Accelerator Il (0.6-25MeV)
& Accelerator Il (5-10MeV)
 Accelerator IV (1.0-2.5MeV)

@ Aluminum " Stainless Steel
YA

—

Stapping Power

[ IRON |
Beam Energy  © @

;W | 0-4Cm H
}«  thickness |

i aw £ i 1] i

a3 3-3.2 Hg 0|89

Condition of Irradiation
Thickness : M Result
Density 2 a/em™3  Absorbed Dose " Beam Current c
Accelerator
" Accelerator Il (0.8-2 5MeV) 162 e
& Accelerator Il (5-10MeV) /_\
 Accelerator IV (1.0-2.5MeV)
241
& Aluminum " Stainless Steel a1
SRz & YRz i
2 A
I Fiter AIg iy L
4 ; . i -
Slopping Power 0 4C h . k e
o .0.40m thickness
Beam Energy a
Il - - A oy - . -
" A1 LLAL] Teie 04 20 na 46.02 4] LAl
Condition of Iradiation
Thickness ! mm Result
Density g afem’d + Absorbed Dose ({3 4

YHa THHO| Fhp Zlojof CHSH Al o] At

Al A

Fe

A 4mm
= 7 g/cm®

N
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10MeV, 1mA
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3-4. G714 € AV|AEE &H

(Seebeck& Electrical conductivity measurement)

ddEde AVAHd BEA4= dEhe Axd W7

r I
2

AEE9} Seebeck Al 54 WH 2 Al td HA4 B
gasiAl AHalA A Lo dHAEAe dske A4 e
delgE 7] flaf d83td FuEz= tixdo= RZ 2001
series (¥, Ozawa Science)®} ZEM series (€1, ULVAC)7}F
fEdoz A4 o B AF A= o] F RZ 2001 series 9]
RZ 2001i (¥4, Ozawa Science) € &4 54 FA & o] &3}
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&

AAAEL Seebeck AlFet 7] ARE FHAHd A==

dej= AEath. 34 A Ar] AEEE S5 9%
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7

=
(Thermal conductivity measurement)

3-5. € A=%=

3t

}1\_]__

o= A

ol
B\ —

el

hpol

=

-
T

A E%(Thermal conductivity)

o] A(3-D

Kol
=

e

Al
el

kK=Cpo* p*D

21(3-1)

olm k& 7}

+ gk

2=
=

Folth &, 4 (3-2) #ol

_de
1= dx

21(3-2)

o714 q © EFF(heat flux),

T
T

dT/dx
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T8 (temperature gradient)©]t}. q 9 k o @9+ 22 W/m2 3}
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rE
ol
S
>
&2
rr
ol
o
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4. 23 % B9

4-1. XRD ¥4 (X-Ray Diffraction analysis)
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a9 4-1.12 2F 45 289 SPS &2F $ A AH9
XRDE A3t Ayelr). 43 HA9 XRD #HEH-2 BigTesd
JCPDS (PDF card No.00-015-0863)¢} peak] x| ¢} dX|st= A
< g3tk sFAIRE, intensitye] A-§- SPS & % (00)=9]

intensity 7} Z7}stgom, o]& E3] A2AA BisTes7F CF= A%

BisTe; 98 H29 XRDS A2 $9 W9 XRDE H w3ty
S o, A F2AF A#S 50, 100, 150KGE H3}el 2ALgH
Al A3} o} FE AEE FHA &S AlH X-A 3 HIPE peak?

HHZEE (Full-width-Half-Maximum)S v|ud] 2 Ay o}F#

AYE ot 2 AMET AAd A A S 3 FHe] AldEeA
of wbgtFol mAstA At vl A4-D2 A= 42
2 whghEo] A& AR YA 277t 74 BelFErh 10
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~ BCosBy
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4-2. v A|Z2ZEA(Characteristics of Microstructure)
4-2-1. 9 vAF+Z

(Surface microstructure)

t

A ARl WE BiTes FAAES] wAlTx W3tE

i

B2y fste] AR ZAME AAE A AAEA @G
Al WS FE-SEM o2 3} (19 4-2-1.1 7} 4-2-
1.2). A= 2=AME AA8H7] o] 9] bulk FHE, 7]E =il A
Hag wpep 1219 wad g mAzde 2 AL &
Jrt. AN, AApA AL o]Fol= WY v FE 1Y 4-
2-1.2 o ZEAIE F& A dAH Aol LAsE S & F
Atk o] Aske Aol EAS FyshdA AAdE AoiH,
°]i= SEM oy} TEM 5S¢ FH|E o] &3l AAAE 2 S
W] ®wuE A} vs2d Aol 903 SEM oub TEM <

olgatel AANE xASAS A% BEUE A Ao

AAde A 7HE71E Sste]l 7S A7 =W o= <lE

10MeV 2= 52 Ast# W2 beam size & 7HAA €t} =&
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As-sintered Surface

a2 4-2-1.1 MR EAFS MA|3 00| SEM 0|0|X|

a3 4-2-1. 2 ®X}

M

EA}

HAISHX| 242 AHS| #H SEM 0|O|X]
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4-2-2. SBE WA TE

(Cross section microstructure)

Mg 9lete] 71Eo] mar®l SiCN bk °7 3 Zn0?Vulete

A4S 2AAZS o mATze] WEE pEe FE-SEM o

it

oA 5 17 4-2-2.1 2 2 o YehfA. 7= Aol S
AR FAbel o8 ulEke] meso-scale 9] ZAglo] & o)A
MAAE = AL 3kelst 4= ¢

N = U= 2% .

2 Ao e HARPAMo]l  EALE BisTes; o AR

—

JAXME A9 TS meso-scale ZAsto] AlA Y Hol Ex)s=X
shelstr] fla) sdwe AuEgtow, olE ¥ 4-2-2.3 9
et ek, A 2ARS AAlsHA] @2 AlH(a)¢t @ dAkd
ZAY3E Al A (b, ¢, d)olA+= meso-scale ¢ ZAglro] AL o,
Aol S7bgkell Wl meso-scale o A¥E9 A7]¢F A

D=7 S7Fskelth. 53] 50KGy o AlHelA = 1~2um 9] =7]E
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10um 7HA AR} olgjet AES ZAF Ao Trbel we
A717F AAEA 160KGy A= ASH Bde] Alolatold
EAEA HWA, 1 3 Afeld] #Es LA
200KGy ol/dolA Al Fdo] A olfFk o]e} T
ol -2 Ayzter.

71£9] BisTe; & H|ZE3 T2 AT ENA Hi1%E meso-

Agto] WAstE= Aoz Hol HAA FAbo] oA BiyTes 9
AE Aglo] FoAHA A EE= FF(vacancy)oll 2138 meso-
scale ¢ Astol A = FO=, Bi-Te & Aol 45|

duiAew AgHo] gk Te(D)-Te(1)E wF H= Ex Aol
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o AgE= Al A& ol s stHM &
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Y
o
i)
o
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t

2138 meso-scale o] Agto = AAslA wHr}

as-depo (a) § E-beam

10 1Qpem

a2l 4-2-2.1 (a) A ZAE
(b) SiCN ufot of MXIM ZAL 2

= I_ |
MME ZEHo| o|O|X| |3
o = —

as-depo(Top)

100nm

e-beam (Top)

100nm

1% 4-2-2. 2 (a) Si00] 7|E loj SAFSH ZnOgo| Hfa

(b)ZnOHtatol] MM ZAF 3}S M AAE|= meso-scaleo] g o]n|x|%®
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a3 4-2-2.3 MXM ZALE K|
ol {l =2 SEM 0|O|X|. (a) MX}M

e AHI} HAM ZA MBS HE AT
ZALE MAISHX| 22 AEo| ojojx|2
B0 HE FXE JHACL (b), (0, (d) 242 ZA MFS 50, 100, 150KGy

o2 £32 I meso-scale?| ZAEE0| MES LIEILHCE
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4-3. AR Al o3 dd 54 3
(Changes in Thermoelectric properties)
4-3-1. € A% #3}

(Changes of thermal conductivity)

ERg wEs) s B2 0 2del 44 2 Al

(A
B

=938, B dAFoaE Aapd ZAE £3589 meso-scaled] 2

AAA ZAb B = 23S Aed o Ayso] AFE

meso-scale®] A3 =] 9&] BisTe; &2 o AAHH =2

Ni

LE7h #AE A5 & dv 229 UEES of=7vdx

lo

d

& ol g3ste] SAste], F 4-3-1.1°1 YehAATH

i

Dose As-sintered 50KGy 100KGy 150KGy

Density 752 g/cm® | 7.42 g/cm® | 7.38 g/cm® | 7.3 g/cm®

B 4-3-11 MAM FAb M 30l B2 UEo| P

AR 2AE B5] e AlHe] WEel 7.52 g/emiol A HAA}A
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Annealing Mobility | Bi/Te | Density Thermal
temperature | (cm?/Vs) | ratio | (g/cm®) conductivity
- 152 2/3 7.74 1.23 W/mK
423K 169 2/3 7.8 1.98 W/mK
523K 136 2/2.92 7.27 1.15 W/mK
593K 132 2/2.80 6.71 1.0 W/mK

E 4-3-12 ©X2| A7t ME setgE o ugo| we!d 17
Correspond to the calculated theoretical density of 7.86 g/cm3

oleJo = A3 T o83t dAEEE HAAZ Toprak!
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[

§ 1.65x10° }|—®— as-sintered
= —e— 50KGy
51.50x10” p|—°— 100 KGy
= —a— 150 KGy
;% 1.35x10° }

= .

— 1.20x10° }

=

2 1.05x107 }

=

300 350 400 450 500

250

O3 4-3-1.1 X ZAto] M #H3jo| mE SHo| Heikg Wl
O
£ 4
=
27F
=z
Sef
E
S Sk
2 —l— as-sintered
g4t —@—50 KGy
S —O—100 KGy
= 3F . ‘ . . —O—lSIOKGy

300 350 400 450 500 550
Temperature (K)
O3 4-3-1.2 M ZA M Hegtof] M2 g HER HE)
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4-3-2. A7) A=x W3}

(Changes of electrical conductivity)
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— Abstract -

Jangwon Han

Reversible energy conversion of thermal energy and
electrical energy phenomena in solids are called
thermoelectric effect or thermoelectric phenomena. There are
three effects associated with thermoelectric effect; Seebeck
effect, Peltier effect and Thomson effect. These three effects
were independently discovered, but later it was found that they
all have the same effect like thermal-to—electric energy
conversion. Thermoelectric material like BisTes shows good
thermoelectric performance near room temperature. However,
since the zT wvalue, which presents the thermoelectric
performance, 1s too low for commercialization, the value must
be improved.

The factors affecting the zT value are electrical conductivity,
electron mobility, and thermal conductivity. By controlling
these factors the zT value can be improved. Electron beam
irradiation i1s one of the promising methods that can contribute
to the improvement of material properties by applying

annealing effect and meso-scale defects in the sample.
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However, there was no research report in thermoelectric
materials.

In this study, we have investigated the effect of electron
beam irradiation on the microstructures and thermoelectric
properties of BisTes. The main objective was to reduce the
thermal conductivity by electron beam irradiation with the
formation of meso scale defects. Bulk specimen was prepared
by Spark Plasma Sintering (SPS), which was used to decrease
the sintering time and to prevent the formation of second phase
by additional grain growth in the BisTes powder.

Experiment samples were distinguished to as-—sintered
sample and irradiation samples. The irradiation dose was
changed to 50KGy, 100KGy, 150KGy for the experiment. We
could observe the difference at thermal conductivity with
thermal diffusivity and density of as-sintered samples and
irradiation samples. Electron beam irradiation samples showed
decrease 1n thermal conductivity values. In addition, the
electrical properties and Seebeck coefficient has increased
simultaneously. The largest increase value was performed at
100KGy and 150KGy samples. Considering the power factors,
the best value was 10KGy sample. 150KGy was the highest
irradiation dose but the seebeck value was similar as 100KGy.
Concerning the electrical conductivity of 150KGy samples the
value was lower than the as-sintered samples. This could

result from other defects. Also, the electron beam irradiation
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affected Te and it has volatilized. So, the stoichiometry of the
Bi/Te ratio was changed in the material.

We have confirmed that the electron beam irradiation can
reduce the thermal conductivity of thermoelectric materials and
adjust the thermoelectric performance. Through this method
we suggest the possibility of controlling the thermoelectric

properties.

Key words: Thermoelectric, SPS, BisTes, meso—-scale defect,

Electron Beam Irradiation

Student Number: 2011-20675
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