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fin nzmmaglsn (Lead Telluride: PbTe) matlAauzosgamaiiinanmsszmemesusoiaideuu PhTe
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Abstract

This objective of this research was to study the simulation of laser ablation on thermoelectric
material (Lead Telluride: PbTe). The temperature change caused by laser beam ablation on
PbTe target was simulated using both COMSOL Multiphysics 5.5 and ANSYS 2021 R1 finite
element analysis software packages. The laser power varied between 10 to 40 W, while the
speeds ranged from 1000 to 4000 rpm. The results showed that at any given laser speed,
the local maximum temperature on PbTe increased with an increase in the laser power.
The maximum temperature decreased with an increase in the laser speed at a constant laser
power. The moving point heat source of laser at 20 W gave the maximum temperature, which
was slightly higher than the melting point of PbTe, potentially resulting in the generation of
PbTe nanoparticles. The results obtained from both software differed by about 10 %.
Both software can be used to simulate completely and even more effective in the future.

Keywords: Lead Telluride; Thermoelectric Material; Laser Ablation; Simulation; Finite Element Methods
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Tnefimsfnslremsiasuulasmassonawesiiy 70 100 130 160 uaz 190 W ua:msi/asuutay
aaseawesi 100 200 300 400 ua: 500 mm/s Wuhimaesmwes uazANUS TR
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39
https://ph01.tci-thaijo.org/index.php/rmutijo/index



NmsnuIemuInmansadelnn uazmslddsslomiuinnssumalulad U9 16 a0u7 3 (Tueeu - 5WIAN 2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

Tnefiaumsmsaumsn ) [4]

—2s2

24P

g=24L @)
72'1"0

WoE IO INTTNUAUA:NIMAgLIA 9:AANIIAANAY URZNIINNDUOIUET 923N
WnuunasAuieu (Heat Source) Munnoooiies - uauidsn (Beer-Lambert Law) AvaNn1sh (3)

2,2

2P
qg=A(1-R)—5e " ©)
Ty,

0
Tael
Ao ddveeuaes (W)
fulszEnsmananauzesnznamaglsn
fo  duuszAnsmsasfieusesnznaunaglsd
Ao SANvOINILEIALEDS (m)
sruzsELEaTaSuRzAz INaglIn (m)

SN "I NG
3
o©

N
b
o

deulasuaudwmivgamainum =0 Wiiudsaumsa @)
T(x,y,z,t)/,_, =T, =300K 4)
m3melouanuiounnuAazmuzosduey enduiuaeesiuny Wudgunsi (5)
—k (2—;) =eo(T* -TH+h(T -T,) 5)

MIFUHINGI0IUANNTDUIINAIUDBBIAINNINAglIA  1HBIaInNITHINIANINTOU
(Convection Heat Transfer) 91n@1mA Auaumsh (6) [17] delunmsnaassmsnynzeainaniu
nznanaglsnazyilimsiiminnuieuduuuy Force Convection FudanAaadnumsnaAaadna [8]

q=nT~-T,) ©6)
Taed
o fe  dudss@nsmsihwienuieu (W /m*-K)
T feo  quuddmuuuseinznnaglsa (K)

T, fAe aungideimeAsey 9 (K)

uazdimagaianNuITouliosInmMuHsIRINR:Aunaglsd luseu 9 @Aiwes Chamber
nl3Ispsunom luivaneanNMIFIATIR AVENNITA (7)

qg=eo(T*-T") )

40
ISSN 3027-6756 (Online)



mafinmariuuudiasemsszmemImoaEesuuaznImaglsd
A Study of Laser Ablation Simulation on Lead Telluride

Tnen
& Ap  emissivity vaunzmimaglin
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N1 Junsspeenznunaglsandmsutodu 2 Tawu Mnnsaeelysunsy

ualdsadovisluluAefmun (Finite Element Method) Tums&519 Mesh unaslamu
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[ 0.007 (m) x
L EE—

(n) Mesh TnalUsunsy COMSOL Multiphysics () Mesh laglusunsn ANSYS
qUN 2 Tetrahedral Mesh vu@inguannssaslysunsn

MmN 1 suiAmsAnusenvasn:nmaglsa [10] - [14]

Properties of PbTe Values
Thermal conductivity (k), W/mK 2.141
Density ( p), kg /m’ 8150
Specific heat capacity (C,), J/kgK 155
Emissivity (&) 0.8
Melting point, K 1190
Convection heat transfer coefficient (%), W /m*-K 10

MIWN 2 Wdwmasnldlunmsanw

Parameters Values

Laser Power (W) 10, 20, 30 uaz 40
Laser spot size (mm) 0.2

Absorption coefficient 0.8

Scanning speed (rpm) 1000, 2000, 3000 waz 4000
Time (s) 0.075

Reflection coefficient 0.2

NRN15I8

1. msfnmmsiAsuulasmassesaites

dousaaInEnuUuRzmImaglsn  wadliaudae SinReuimyuimeAmsI 4000 rpm
nalumsiraeuizessussaesiiu 0.075 3wd Taeimswasuwlasiasenawesiiu 10,
20, 30 uaz 40 W emmidssenmgesimmnzanlumsdonszieumaulusosnziunaglsn
TnemonAgesiumsnAnaones [16] Rngmunaiinldezdiuldinieomdssenaesifiniy amungi
fazfiusumuliie Aogui 3 ugamaivunziamaglsd Teelusunsy COMSOL Multiphysics
grunnfiwAugodAUsznm 975, 1670, 2400 uaz 3060 K uaz3Uil 4 Wugumaivunznamaglsd
TaoTusunsn ANSYS aamgiwdsgoantszana 915.43, 1627.7, 2291.5 uaz 2955.4 K mua1Au
dlomasponagoiiindu ilindndanuiou (Heat Flux) tindumemusanmsi ) mszvand
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A306x103
v300
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JUn 3 gunpivun:nunaglsa Taeldsunsy COMSOL Multiphysics iimsiasuulasidomiges
10-40 W

LL.
0 0.007 (m) .

[ S—
0.0035

(1) MAIALEDI 10 W (1) MAIALDDT 20 W
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L S—

L Se—
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(A) MagLEas 30 W (0) MAoALY3 40 W
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T T
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2. msfnmmaAsuulasausimsiaReuiivesauasiaLYoT

dedimawdsuulasanuiinmsinioufizessudoaeasidu 1000 2000 3000 uaz
4000 rpm Ingldimaszonawesaoiin 40 W uaznatlumsinseuiivessusomweiiy 0.075 i
Wemanudisevimnzadlumsdaenzioymanluzosnznanaglin  InsdanAsesiumMInARes
o0 [8] donalihdiannusilumsnfeuiivesiudoiaidesiiniy gumniazdes 9 anaodsgUil 7
dugampivunziumaglsd TaeTsunsy COMSOL Multiphysics gaunaiiafngogauszaa 5640
4130 3430 umz 3060 K uazguil 8 iluaamgivunznimaglsd TneTusunsu ANSYS qmuunail
WRugaAUszNm 5292.3 3915.1 33287 ua: 29554 K swadu ilefimsidsunnumsines
manReuRizessusageS:dinanonsnszeAInesgmnail [13] auiliaamaianas

Time=0.075 s Volume: Temperature (K) o Time=0.075 s Volume: Temperature (K) o
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4 3
3.5 B 2.5
3
25 2
2 15
1.5 1

y (1) . J 05

l—‘ a vaoo' l—' - v300

(1) AMNLTITOU 1000 rpm () ANNL5ITOV 2000 rpm
U7 gampiuunznunaglsa Taslusunsy COMSOL Multiphysics Miiimsuasuuiasanuiisen

2RINILHILALYDT
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0.0035 ?
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0.0035 0 0.007 (m) L—“
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LRZAMNLANAIIDBIMSIUASULYAIANNLSIMSIAROUN YR ILEILRMEaTIUY 1000 2000

3000 waz 4000 rpm 91N WUUVIIND9AI81USUATH COMSOL Multiphysics uazlusunsu
ANSYS uanminiu 8.8 8.09 7.0 uaz 6.66% AUNIAY

3. MIUUHIBUHANIINARBINUNANIINF VLUUIINBY
dehmstnadesluinziimaglsd asfuhiimanawes 10 W anmdasey 4000 mpm
soefAnTuuunzmmaglanuuiulilidn dsronnfesiunazesuuudinesie onmaiilifoganaesman
yeonzINaglsd wAlmAsmges 20 W AmEI58Y 4000 rpm uaimanaiges 40 W anwisisou

4000 rpm FOBNANTUDUAZAINNYLIANANNTATY MNEIAY TodonARDIAUNADBILDLTINDIAD
QUNAINUIANNBNIRITBIANINAGLIA AVFUN 11
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(M) MATAPDI 10 W ANNLSITOU 4000 rpm () MAVAPDS 20 W ANNLSITOU 4000 rpm

(M) MRUALIOT 40 W ANLTITOD 4000 rpm
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f3UHam I

NAMSANIMINUULTIRIMTEMImsmgasuunzmmaglsd (PbTe) TRmsAnmmafouuag
Masresaes wa:maisuulasanusimsindeuiivessuaoaiges aqulddodl

1. mawAsuulasiasmenaieed  Wemdesaweiiiuiuasilfonnaifimwesnsmu
vunzInaglIAiingy uazAimdoages 20 W nolusunsu COMSOL Multiphysics wa:Tusunss
ANSYS dsgmpiigegaiilafimmnniyanaesimaizoom:minaglsddniios erasowalvioumauiu
finanoenANMIFIATIEAmIEIS MITmemsmEe sinna@niign
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