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56910054: MAJOR: ENVIRONMENTAL SCIENCE; M.Sc. ( ENVIRONMENTAL
SCIENCE)

KEYWORDS: Zn, CdS/GREEN METHOD/ DYE - SENSITIZED SOLAR CELL
KHATHAWUT LOHAWET: STUDY OF EFFICIENCY IMPROVEMENT OF DYE -

SENSITIZED SOLAR CELL WITH ZINC CADMIUM SULFIDE NANOPARTICLE

SYNTHESIZED BY A GREEN METHOD. ADVISORY COMMITTEE NORAWIT

KRAINARA, Ph.D. 146 P. 2015.

Zn, Cd S nanoparticles were synthesized under 100% output, 700 W of microwave
radiation during 60 sec and 180 sec. Polyvinylpyrrolidone (PVP), citric acid and mixing between
PVP and citric acid were used as particles size controller. Transmission electron microscope
(TEM) and energy dispersive x - ray spectrometer (EDX) analysis were used as properties and
composition of nanocrystals structure of Zn,_Cd S nanoparticles. The result found that
the particles size of Zn,_Cd S nanoparticles is 4 - 6 nm and the replacement of cd” with Zn""
was studied. The result found that the highest mol ratio is 0.6:0.4:0.8 (Zn:Cd:S) after using PVP
as particles size controller. Zn,_Cd S nanoparticles were used to study the effect on performance
of dye - sensitized solar cell. The position of Zn,_Cd S nanoparticles coating on fluorine doped
thin oxide (FTO) were varied. The highest of efficiency percentage was found as 5.22% after
coating Titanium oxide (TiO,)-Zn,_Cd S nanoparticles (50:50 ratio) mixing for electron

transporting layer (ETL). The electrical parameter of solar cell such as V

oc?

J, and FF were
determined. In environmental safety, the amount of cd” to produce solar cell decrease
significantly and improve the performance of dye - sensitized solar cell about 45% of that of cell

reference.
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Conduction band
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Density of States
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< Q3 = o [ ) Aa a [ 4 S 2 9 [ o
meluaadlunuu@ernunun IMUsansomnny 2.57 esua FausenNMTWAIU
a 4
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Y943 Han et al. (2009) nazlutiRe1nUUY Lin et al. (2012) ﬁﬂEWﬂigﬁﬂ‘ﬁﬂTW‘Uﬂ\u%ﬁa

A o Ay Aa Y A o /q ¥ v o
Llﬁ\‘]’f)"I‘VWIfJLIfU‘]Jﬁ'EJ’ETJJhl?LlﬁQVlilﬂ'JTilﬁWNWiﬂcluﬂ']ﬁIﬂQQ@LW@u1N1ﬂ§$Qﬂﬂ1%ﬂU@ﬂﬂﬁﬂwnﬁ 9

Q

] b

And A A 2 2 2 o o A P Q2 ¥
Tastdaunmaouduruasnadimingasoon lsau1 Tussa (ZnO nanorods) 1 UFULTD
A a 4 4 A I g’/ ~ = 1 g}/ =\
uazloyninur Tugedoon laandaewiusuin 2 Fwaazsusziinnuruidizuiu
Yy . s A g & ad
6 I laswas Mnduihvuadsuasuu Innutisuasedinetluir v IadianInsa uay
A a o ) Y A A a g a = a 4 A I 21/
masUuwamivasuunszami InihimasuridreasdwRsunueen lod (ITO) 1ol uti)

4 Ja [ [ 4 d 1
N3 BIan Insa ﬁTJJTiﬂLL‘IJﬁQWﬁQQTHllﬁJWHﬂU 2.19 o5 ua AN Xu et al. (2013) “hgl}

@

o o s A o Ay A 3 < Yy o <
‘Vl'lﬂ”lﬁwwun‘ﬁ)'ﬁﬁllﬁ\??ﬂW@]ﬂllﬂﬂﬁﬂ@i\lllﬁl!ﬁﬂ'ﬂll ﬂBm%L‘]JuL!‘]JTJ"UﬂQLHNIﬂﬂslslfﬂ']i‘ﬂﬂul‘l]u

A

g 4 Ja d a9 a Ao 9 = .
uanimesonn Insa iosnnidunusmnsnaana 1941115 Tedima (spiro - OMeTAD)
I v 1 1 AA o I Y 9 v A E4 ia g Y ]
WudrasriulszgnuanyuzilunuunsnaudIaIenuAD 11NN INTA/AITINIY
@ /o o & ¥ g P sa g o 2
U529/1A111w0301a0 INTA (CE/HTM/CE) &4 1A33a3 1900901111003 01an INTaanyme Uag
1 9 A a da! a'uly 1 9 Aa A 1 4 4
amsogaaaNumunavuMelumad lanu Tnlssansanganii 4.03 nlesimud
A =\ [ 4 a o = 9 AN o I < @ A ?a'.:
WenFeumeususaauaiornaduuuadon lauasntdavazduuuvveaudana lUndiam
4 ’a I I A o = YR 14 a 4 =
ihaedaan Imsatluuwaniiy Tuildau Xue et al. (2014) 1dAnyIyaduaIoINAGH UV
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(% I @ a o aa . [ 4
anvazlulyawanvaslddromatinasdInTsasa (Spray pyrolysis) 3¢ i1 1¥iwad
a [ J Aaa 9 9 dy T A a A
manuTdsaasaznuaeguginldlunmsm lduinduwya Jdszaniamlassw
[ 4 4
MY 1.2 1Weodiud
= 7 a J 29 Aq Y KX o o = 9 a
nAFNUMIANYITadtasoaduuudden luasn l¥asnedniuas ddeuria
1 o 1 ~ 1 9 Y <3 Y o a J = 9 Y I
A19 9 AINa1INNANININAN 3ru 1A aauasenaguuudden lnasauisalfilu

o 4 { { o A o
gilnsalvsemsesiionlFlunmsulasundsnuuasernadunilunssua liihuazamnsaiiun

I [ [ a ¥ a 1 N a < &
Fundinunaumumslaiagauaemadnis 4 Mheaanszua Iihaseanuaau
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)

9 Y Y o Yo = P Y aov Y A A A A
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=
unna3

adl o A a v
IHAUUHUNTTIVY

A oA d a
3.1 INFOJND Q‘l.]ﬂim Hazaninu
A A
3.1.1 1930930
3.1.1.1 m%qﬁwmmazmﬂmmﬁqq (Ultrasonic cleaner); ju SONICA 5300 EP
Han TABLTEN Vitronics soltec Uszmee1iigonism
3.1.1.2 m’%mamummmwmﬂmmﬁz;N (High intensity ultrasonic processor); §"L!
VCX 500 750 HAANUH Sonic HAN 1AUTHN Sonics & Materials Inc.
Usemaansgonsm
3.1.1.3 1A5931981815 (Vortex mixer GENIE 2); U G560E #aaTaguTH"
Scientific industries, Inc. USZINATHTFOINTN
da 1
3.1.1.4 ﬂﬁ}mﬂqamiﬁumaﬂmammuamﬂim (Field emission scanning
electron microscope; FESEM); §' W SU 8030 Wan laguSEM Hitachi high -
technologies corporation 15 Zmﬂﬂjﬂu
3.1.1.5 ﬂé’@qﬁ;amiﬁﬁﬁmﬂmammudml&hu (Transmission electron
microscope; TEM); 34 Tecnai 20 #a# IagUTEN FEI Usemaansgomsn
4 a 4 A
3.1.1.6 AT AT IZHANTANIUAIVOIAS (UV - Vis - NIR spectrophotometer);
U Cary 5000 Waa 1A8UTHN Agilent technologies. UsemAansgomsm
4 a 4 1 [ 4 1
3.1.1.7 1IA309ATIZHNSIDOUUUYDIFITIOND (X - ray diffraction; XRD); §1 D8
advance Han 1ABLTHN Bruker axs Uszimeoosaiu
A [ Aa A 4 a Jd A o a o
3.1.1.8 1A50 AU seanEmnraaUaI0INAd U BITaaLdI911ng91a04 (Solar
simulator); 31 SN 258 UsZNATHIFOINTN
A A a o 9 [ <
3.1.1.9 1A39UAAD VAN UMV WIAITAIINITILHEDE TG UG IA
(Rapid convective deposition); iéu Ezi - SERVO EzM42L - A #af 1agu3Hn
FASTECH AMERICA LLC. 1sgimaanigomsnm
3.1.1.10 luTasthila (Micropipette) Y119 10 200 uag 1,000 lulasans; ju

Eppendorf pipettors Wan laguIEn Sigma - Aldrich. ﬂizmﬁﬁw‘i"gam?m
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3.1.1.11 U)aneuIngiaes (Pipette controller); ;'u Midi plus pipette controller
WaR IABLIEN Pipette supplies Inc. YsznAansgonam

3.1.1.12 193090889 (Micro miller) 1% 5119 12N5200; JU MF70 Wanlae
UTHN Proxxon tool UszmAdnIgomian

3.1.1.13 03 0axa IS eTinaes nadion s dumia; JU XP - 105 WA 1AY
131N Mettler - toled AG 2006. UszimeaIngesiaua

3.1.1.14 103 outaudou (Heat gun); 31 HG 6003 wan Tasu31n MAKITA
Industrial power tools. Uszimea ‘Vi%@ NI

3.1.1.15 1A3BIAAN52ON; 810 Cuttermate WA T35 Dolphin logistics Inc.
Uszmaansgonan

3.1.1.16 1 URQAUNYNGI (Muffle furnace); 314 CWF11/13/301 WAA TA8UTHN
Fisher scientific. 1/321na03ngy

3.1.1.17 1A50909U @15 (Hotplate stirrer); §1 C - MAG HS10 HAnTaou3Em
Sigma - Aldrich. Usgmaanigomsn

3.1.1.18 ¥ANTOIGAUYINIA (Vacuum pumps); 34 DOA - P504 - NB Wan 1ag
UIHN Gast manufacturing, INC. Usgmaanigomam

3.1.1.19 11 TuTas1avl (Microwave oven); §U Sharp r3556 HaA TaoUTHN 115N

L!@WWEHEJLL@U“]? e Yszmalne

3.1.2 gnsal

3.1.2.1 ﬂimﬂﬁﬂw19/\11ﬁmﬁ’auﬁ’aa?\lﬁuwﬁuaaﬂ"lcnﬁg%‘@ﬁﬁﬂvdgaa%u (Fluorine
doped tin oxide; FTO); ?;Vaijf) Pilkington glass Wan laguT N Pilkington group
limited Y521nADINGY

3.1.2.2 WHUWASATEY: B0 Parafilm M Laboratory Film Waa 1agUSHN Ted pella
Inc. Yszmaansgomsm

3.1.2.3 ﬂi%i]ﬂf:‘fulaﬁ (Glass slide); ?;ﬁ}’e') Marienfelo glass slide HanlagusEm
Marienfeld - superior szmemensiu

3.1.2.4 nszawanafla (Kimwipes); 870 Kimtech #anTagn3 1M Kimberly -

clark professional. Usenadan %@auﬁm


http://www.tpsmach.com/Brand/PX-proxxon.aspx
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3.1.2.5 1m1UN119U; B¥0 Scotch magic tape 810 HAN IABUTHN 3M Scotch
UsznAanigonsn

3.1.2.6 WUNINUANNTOUMTAANTBY (Kapton tape); 8110 Kapton tape GT
Wan 1AgL3EN Dupont Usgimaanigomini

3.1.2.7 Surlyn; #aa 1ABLITHN Custom product UYTNATHTFOITN

Aa A 4 - . A Y .
3.1.2.8 @QNLHHNWE]EJE] (Aluminium foil ); ¥%® Diamond
3.1.2.9 VIAUAILLNAITUUIA 20 LAz 30 Fadans

1 Y o v 9 =~ J .. .
3.1.2.10 81UMITINITVIDNTIFAQ (Staining jar)

=
3.1.3 a13Ad

Do,

a

a 4 a
3.1.3.1 BIADLFIAN (Zinc acetate); §AINNUAN (CH,CO,),Zn ANVLITNT 99.99
J s ¥ o @ ' a a o .
esiud iminTuana 183.48 nFudp Tua (g/mol) WAA IABUTHN Ajax
frinchem pty Ltd. Useineoadinsiae
3.1.3.2 uAAINEUDEF AN (Cadmium acetate); §ATN194AN CA(OCOCH,),
a QO’ 14 o 9o’ Y] [ 1 a
ANVUIGNT 99.99 rlosiarud miinTuana 230.50 nFusa lua wanlae
UTHN Asia pacific specialty chemical limited. Uszimrooainsiae
= a a . . =1
3.1.3.3 @ haila w158 Tau (Polyvinylpyrrolidone, PVP); gasniunil (C;H,NO).
Wan 1AYUTEN Sigma - Aldrich. Usgimaansgomani
3.1.3.4 n5A%ATN (Citric acid); g0 3N191A N HOC(COOH)(CH, COOH),
a £ o 14 %} o o 1 a
ANNUTGNT 99.0 1lodirud Wrvinluana 192.12 nFuAe lua #aalae
UTHN Sigma - Aldrich. UsgmAansgomsn
4 = a £
3.1.3.5 InToozia1 1ug (Thioacetamide); g3 N191AT CH,CSNH, ANUUSGNT
4 4 aol Y o 1 a a o
99.0 1lodtua miinluana 75.13 nFuAo lua Wan IAgLIHN Sigma -
Aldrich. Usgmaansgomam
= J . . . A
3.1.3.6 Tnnufiow laeon lad ouuma (Titanium (IV) oxide anatase); gATN19IAK
a £ s %
TiO, (YVUIABYNIA < 25 UWITUIWAT) ANVTINT 99.7 11loTiaua
v 1 =) a W
uminTuana 79.87 niuaa lua #aa Ins13 M Sigma - Aldrich. Yszine

ANTFOINTM
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3.1.3.7 Tnnudion'lo Tansonoen la@ (Titanium (IV) isopropoxide); gATN14AT
‘ ’

(Ti(OCH(CH,),), AN gnF 97 Wesiyud viwiinTuana 284.22 n5u
a0 Iua Wan IAgL3 1N Sigma - Aldrich. Uszmaanigomin

3.1.3.8 InnuflondaTneon lad (Titanium (IV) butoxide); gATN19LAT
Ti(OCH,CH,CH,CH,), A3 qn3 97 wlefiaus thuifnTumana 340.32
nSuAp Tua WAn IAgUTEN Sigma - Aldrich. UszmAansgomsm

3.1.3.9 1oNaveFIaosdian (Ethyl Acetoacetate); A3 N131A
CH,COCH,COOC,H, Anuu3gn’ o8 efiwud timinluana 130.14
nSuAp Tua WAn IAgUTHN Sigma - Aldrich. UszmAansgomTn

3.1.3.10 92¥AQ0LY 1o (Acetyl acetone 2 4 Pentanedione); i;‘f@]i“l/]NLﬂfl
CH,CH,COCOCH, mmiﬁq‘w% 97 1loipud ﬁmﬁﬂimaqa 100.12 NFN
Ao Tua wan TAgUTHN Sigma - Aldrich. UszmaAansgomsm

3.1.3.11 luez@da lasezdAa (2 3 Butanedione); §A3N1AL CH,COCOCH,
AuuS g0t 07 wedimud diminTuana s6.09 n3uaelua nialae
VYN Sigma - Aldrich. UszimAdniigonian

3.1.3.12 oM ueauey I¥gnuoanoeoa (Ethanol absolute alcohol); gA5N19AT
CH,CH,0H a3 qui 99.5 e thminTuana 46.07 nfusie Tua
Han 1ABLIEN Sigma - Aldrich. Usgimaanigomsnm

3.1.3.13 loTg Inmueaueane %’t]ﬁ’(lsopropyl alcohol ¥30 2 - Propanol); §A3N14
i3} (CH,),CHOH nwuSqnt 99.7 wediusd thnifnTuana 60.10 nfu
A Tua WAA IABUTHN Sigma - Aldrich. UszmaAdrigomsn

3.1.3.14 ifiaueaneaoa (Butyl alcohol); gAINIUAL C,H, O mmu?qm§
99.5 1loSiaud viminTwana 74.12 nfudeTua nanlasw3tn Sigma -
Aldrich. Usgmaanigonsm

3.1.3.15 1@inafiaueaneeod (Tertbutyl alcohol); gnTN191All (CH,),COH

3

a

A3 NS 99.7 Wediwud viminTuana 74.12 nfuae Tua waalag
UTHN Sigma - Aldrich. Uszmaanigomsm

3.1.3.16 1IM1UPAUDAND80A (2 - Butanol alcohol); gATNI1ILAT
CH,CH,CH(OH)CH, A3 gn% 99.5 ilesimust tminTuana 74.12

nuge lua Wan 1agLTEN Sigma - Aldrich. Uszmaanigonsm
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3.1.3.17 0¥ 1o lu'lasauoulaasa (Acetonitrile anhydrous); gasn1aLAdl
(CH,CN) A3 gn3 99.8 ledirud thmifnTuana 41.05 n$usie Tua
HAR IABLI N Sigma - Aldrich. Usgimaanigomin

3.1.3.18 n3a la1asAA05n (Hydrochloric acid); ga3n191Adl HCI mmaf%iqm%
37 wledimud thniinTuana 36.46 nfunelua waalasuSHm Sigma -
Aldrich. Usgmaanigonsm

3.1.3.19 #1339 11905 (Ruthenizer 535 - bisTBA Dye N 719); Haa TaguTHn
Solaronix Uszmeaiamosuaud

3.1.3.20 ﬁﬁ]’l’aiﬂiﬂhlaﬁ (Todolyte HI - 30 Solvent - based electrolytes); wanlag
31" Solaronix Uszimeaiaesuaus

3.1.3.21 unafieea (Platisol); #an TasUTEM Solaronix Ysvimsaaineiuaud

Y v
3.1.3.22 U1NaU (De - ionized water)

Aad o =) 5%
3.2 I5ANUUMIIDY
[ d a d = [ d
3.2.1 MmsduanzroyMaI UG snuaadiondala (Zn,_Cd S)
Y] 4 a J [ 4 [ 4 [

msduasizioymau lugeauaafonda lva azdunsizineldsedluTnsnm
{ s s ' o w 9y s Ao w v o
Mdeiwuanisiaesmaivessad luTasanl (output) 100 tlosud Amaeldiih 700 na

52021281 60 31 wag 180 H Tagldmsaruguaniaeynia 3 uu laun
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v d a d = [ d Y a dJ = a
3.2.1.1 mimmﬂz‘m)gmﬂmTumammﬂmsmma"lﬂwim“lmwaamaﬂwa"hua

Twlsdlau (PVP) lumsaruguuinasymia 43I 3 - 1

v a a [ [ a o
(A) BIHINDSHLHN (Zn2+) 0.55 NTU HEUNLLAANINOLHIAN (Cd2+) 0.33 N34

gy 4
axma“lumﬂau‘ﬁﬂﬂﬁmﬂ‘laaauﬂ?mm 25 UaaaAg

Vv

B) %1 InToozimalud (TAA) 0.65 N5u wauduneawes 1wa liialnlsalauy

0.60 n5u azareluhndundsiean lessud/suiag 20 tadans

-

11 (A) wag (B) wwnay uazau i udeinI 09 a3 (Hotplate stirrer)

~ a g ~
NYUNHUNDITSYSLIAT 20 - 30 UIN

U

-

nediesad luTasninnleswudmsasemaavessad luTasnm (output)

]
=~

4 J o w 9 v a ~ a =
100 L’]Jf]‘ilclfuﬁ wﬂwmllvh/h 700 39 T2SLIAT 60 IUIN AT 180 IUMN

-

o A o I
hasurIuaesNFunTEn 1AUINTIAYANT 0 Y INA (Vacuum pumps)

o a A J
u,agmmmﬁzmﬂmﬂauﬁ}’mmmmmaﬂaaaa

-

a

v H H
nninhagneud Inainmsdunsiziuumnguugil 500 esrusaFod

U

a

MO IHIQUHNNFI (Muffle Furnace) 32821781 2 2 119

U U

7 [

Y a o = 3 =2 3 A A
%"lﬂwa@mmmm YUY UNANUOIUITINADY

A [ 4 a 14 =) [ 4 9 a 14 = a
NINN 3 -1 ﬂ"liﬁ’ﬂLﬂi131461;}511?11!1IucﬁﬂﬂLLﬂﬂL3JEJll%’athﬂIﬂﬂ‘I%WfJaliJﬂiIW’dll’Jua

Tulsalau (PvP) lumsaiuguamaeynn
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(v} d a d = [y d Y Aa A
3.2.1.2 msdennzvieymanludeauaadiondalialaalinsagainlums

AILANVHIABYNIA AINTNN 3 - 2

v a a [ [ a @
(A) BIBINDSHLHN 0.55 NTV NEUNULAAIENDSTIAN 0.33 N5Y

gy 4
axma“lumﬂau‘ﬁﬂﬂﬁmﬂ‘laaauﬂ?mm 25 UaaaAg

20

o J [ v a A [
B) GI)’QMLVII?J@&%GHIINQ 0.65 NTU NTUNUNIALATN 0.20 NIV

gy 4
azmﬂﬂlumﬂauﬁﬂﬁﬁmﬂ%aauﬂ%mm 20 UaaaAg

-

° Y Y o g 4
U1 (A) uag (B) vNgy tazau N UAI8IAT DINIUET

A a g ~
NYUNHUNDITSYSLIAT 20 - 30 UIN

U

-

edaae5ad luTasninnleswudmsiasemaivesad luTasnm (output)

o Ao w 9 4 A A a A
100 Lﬂﬂﬁl“ﬁu% Vlﬂ?ﬁﬂllwwW 700 IQA 32YSLINT 60 IUIN AT 180 IUIN

-

o A o I
u'lﬁ'lil,!"ll:]ua@ﬂﬂﬁﬁlﬂi']gWll@%jn']ﬂjﬂ\w’g]j"]ﬂ%ﬂﬂiaqqm 1017

o

o a A J
u,agmmmﬁzmﬂmﬂauﬁ}’mmmmmaﬂaaaa

-

a

v H H
nninhagneud Inanmsdunsiziuumnguugil 500 esrusaFod

U
]
a [ Y Aa [}

Y Ia A
AYAUNIYUNHUGN T8I 2 G])”JTIN %z”lﬂwamﬂmm y

QU

@ I = 3 A A
anyu U UNANVOVITINA DY

A [ J a J =\ Y] 4 9 a a
AN 3 -2 ﬂ'l'iﬁ\?Lﬂi1$1’ifJi§ﬂ1ﬂu1Iu“ﬁ\‘]ﬂ!,Lﬂﬂl,llEJlIG]f'ﬁMlV\IﬂTﬂElsl%ﬂiﬂclf@]‘iﬂslUﬂ'liﬂ'J‘Uﬂil

YUIABDUNTA
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[V ¢ a d = U J Y (Y] v
3.2.1.3 ﬂ1§ﬁ\‘i!ﬂi1Z"r‘iﬂﬁfﬂﬂ‘Mﬂ'H%Qﬂ!!ﬂﬂ!ﬂJElN"liﬁvlwﬂiﬂﬂﬂl‘lﬁjuﬂuig?‘n1ﬂ

a d = a a Aa A o ~
wadaeslwalitialnlsalausaznsadasnlumsnIuANYIABYMA AINTNA 3 - 3

v a o a @ [ a @
(A) VIHINDLHIHN 0.55 NTV NEUNULAALIBNDETHIAN 0.33 N3U

y Y H a an
azarelhndundsiaan lesaud/Suiag 25 Taaans

20

B) ¥ InToozsa'lud 0.65 N5y warutuwedwes Ina laiialwlsalau 0.60 nFu

Y 1 H
HAZNIALEATN 0.20 NTY agEﬂﬂiuuWﬂauﬁﬂi?ﬁ%WﬂUl’E]E)E)u‘]JAﬁJWIii 20 Yaaanig

-

° Y Y o g 4
U1 (A) uag (B) vNgy tazau N UAIIAT DINIUET

~ a g ~
NPUNHUNDI 3281307 20 - 30 UIN

U

-

neaaesad luTasninnleswudmsaesmaivessad luTasnm (output)

[
=~

4 J o w 9 v a ~ a =
100 L’]Jf]‘ilclfuﬁ T]ﬂ']ﬁ\?llT‘IT‘IW 700 39 T2SLIAT 60 IUIN AT 180 IUMN

-

o A o I
u'lﬁ'lil,!"ll:]ua@ﬂﬂﬁﬁlﬂi']gWll@%jn']ﬂjﬂ\w’g]j"]ﬂ%ﬂﬂiaqqm 1017

o

o a A J
u,agmmmﬁzmﬂmﬂauﬁ}’mmmmmaﬂaaaa

-

a

kS ) A o J A =
Fl]']ﬂuuu']ﬁ$ﬂﬂu%vlﬁ}inﬂﬂ'ﬁﬁﬂﬂi']gWiJ']LW'W]@lﬂ!WﬂiJ 500 DK ALs T

9
a @ Y a [

Y A
ﬂ’J‘c’JLGﬂLW1QmWﬂ3JQ\1 32821901 2 GH’JIIN ﬂzllﬂwamﬂmcn i\

U

[ I = 3 A A
aﬂymglﬂuwaﬂﬂlaQLLM\?ﬁlwaﬂq

~ [ 4 a 4 =\ Y] o Y Y] [ a I'4
NN 3 -3 fﬂiﬁ\‘llﬂi"IZ‘ﬁi’]‘Lgﬂ"lﬂuWIHG]NFILH’W]LZJEJll‘ﬁ)’anl‘V\'ﬂIﬂﬂi%i]uﬂuizﬁ’JNW’ﬂamﬂi

Tud hatia'lnlsa Taunaznsadasnlumsniuguaniaeynin
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a d v d [
3.2.2 MIANTZHADHUZAYMAUAZINLIZNOUT AT INGIN UV I 39 ILNALIA
d
né’mgamsﬂu%mﬂmammudmw’m (Transmission electron microscope; TEM) lag
a a d a (% Y v A 4 . .
INAUANTUATISHEIUTINAINTUAIYIIAIDNY (Energy dispersive x - ray spectrometry;
EDX)
a Y 4 a o

MINATITHANHULOUYNIALALDIAUTZNOUTIAITINGINUYBIOYNIAU TU

a @ o 7o P § o < 2 s o A A a o
Faauaasusa Iiddunsiznvwmerihnlsilussddseasudmsunulszansonldnu

4 a L4 =S 9 a 0 Y Y 9 Ia

waduasomaduunddonluas aunsainszdldlasldndosganssmidanasounyy
d04M U TAUmAlnMI I A wasnuA0  end oAnudnyuzeyninuay

4 a o [ 1 A o o’rg Y a 14 = a
penlsznousIdnau oasaau (Tua) vesmsidunsiznaulasldwedwes Ina laiia

a Aa A FYA @ U a 14 =) a a a a
TnTsalau nsadasn uazldsrususzrinaneawos Ina hialulsalaunaznsadasn

{ [ { 4 J 1 o [ [
lunisaruquauiasynianniealod d luTnsndilesisudnisdasoiidsvesdad
4 P o w v J a a
TuTasnu 100 osiwud Aridaluih 700 Sad szezia1 60 319 uag 180 IUIA A1WIID
~ o ' A o a S Y ° A o A o o

IR eNaATA208 10NN ANTIZH 18 Tasihoyniau Tudauaalionda llaazaislu

4 A Aa o 1 A aa o a
lemueauey Ivgnieansgoalliuing 0.4 taaniuaeiiadaas hldvuireyninvesaising
N15UANAT (Sonicated) ﬁ'amﬂ%ﬂﬁwmmazmﬂmm?\qa (Ultrasonic cleaner) 53821301

g’/ o [ Ia 1 ] {a E4l % a
15 Wi niniwmbhundesneldndesganssmisaaaseunuudesiiuningiz s wnumatia

MTAATILHFINFINGINUR05ITONS tNoANBIANUZOUNIALALDIARLTENOUTIAIT

o a [ A 9 [ < o A
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~ [ a 4 =\ [ S w o 9 a 4
AT NN V. 1 NﬁﬂTﬁ’JﬂﬂluWﬂ@‘L&lﬂWﬂUWTuGﬁﬂﬂllﬂﬂluﬂu"lﬂﬁq‘l’\mﬂﬁﬂlﬂi?gﬁiﬂﬂﬁhﬂ\lﬂaluﬂi

Tnd hilaInTsaTaulumsaiuguauiaeynia (P - 100P60s)

a
aNnzcanIn

o4 ana X y VIABYMA
aaun . , , )
CRIGEREAY Glunns)  WYE)  (HHE) G luuns)
1 P - 100P60s 100 110 6.15 5.60
2 P - 100P60s 100 110 6.21 5.64
3 P - 100P60s 100 110 6.15 5.60
4 P - 100P60s 100 110 6.11 5.55
5 P - 100P60s 100 110 6.50 6.00
6 P - 100P60s 100 110 6.15 5.60
7 P - 100P60s 100 110 7.00 6.36
8 P - 100P60s 100 110 7.15 6.5
9 P - 100P60s 100 110 6.23 5.67
10 P - 100P60s 100 110 6.80 6.20
11 P - 100P60s 100 110 7.05 6.41
12 P - 100P60s 100 110 6.37 5.80
13 P - 100P60s 100 110 6.81 6.21
14 P - 100P60s 100 110 7.1 6.45
15 P - 100P60s 100 110 6.53 5.93
16 P - 100P60s 100 110 7.10 6.45
17 P - 100P60s 100 110 6.51 5.92
18 P - 100P60s 100 110 6.98 6.34
19 P - 100P60s 100 110 6.15 5.60
20 P - 100P60s 100 110 7.00 6.36
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a
aNnzcanIn

o4 ana X y VIABYMA
aaun . , , )
CRIGEREAY Glunns)  WYE)  (HHE) G luuns)
1 P - 100P180s 100 110 6.00 5.45
2 P - 100P180s 100 110 5.50 5.00
3 P - 100P180s 100 110 5.08 4.62
4 P - 100P180s 100 110 5.60 5.10
5 P - 100P180s 100 110 5.37 4.89
6 P - 100P180s 100 110 5.22 4.74
7 P - 100P180s 100 110 5.58 5.07
8 P - 100P180s 100 110 5.50 5.00
9 P - 100P180s 100 110 5.50 5.00
10 P - 100P180s 100 110 5.31 4.83
11 P - 100P180s 100 110 5.47 4.97
12 P - 100P180s 100 110 5.68 5.16
13 P - 100P180s 100 110 5.60 5.10
14 P - 100P180s 100 110 5.47 4.97
15 P - 100P180s 100 110 5.54 5.04
16 P - 100P180s 100 110 5.41 4.92
17 P - 100P180s 100 110 5.44 4.95
18 P - 100P180s 100 110 5.57 4.06
19 P - 100P180s 100 110 5.52 5.02
20 P - 100P180s 100 110 5.48 4.98
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A [ a J = @ s o @ 9 a a
AT NN V. 3 WaﬂTi'Jﬂ‘lll!WQBHﬂWﬂHTIUGﬁQﬂl!ﬂﬂ!ﬂJfJiJ“]fﬁulfl/\lﬂ‘ﬂﬁﬂlﬂﬁ?g‘ﬂjﬂﬂiﬂfﬂﬁﬂ“}fﬁiﬂ

Gluﬂﬁﬂ’l‘ﬂﬂiﬂ]uWﬂﬂh!ﬂWﬂ (C-100P60s)

a
aNnzcanIn

o4 ana X y VIABYMA
aaun . , , )
CRIGEREAY Glunns)  WYE)  (HHE) G luuns)
1 C - 100P60s 100 110 30.15 27.41
2 C - 100P60s 100 110 33.45 30.41
3 C - 100P60s 100 110 35.27 32.06
4 C - 100P60s 100 110 35 31.82
5 C - 100P60s 100 110 33.45 30.41
6 C - 100P60s 100 110 34.20 31.10
7 C - 100P60s 100 110 33.56 30.51
8 C - 100P60s 100 110 32.85 29.86
9 C - 100P60s 100 110 34.27 31.15
10 C - 100P60s 100 110 34.00 30.91
11 C - 100P60s 100 110 31.23 28.39
12 C - 100P60s 100 110 33.48 30.44
13 C - 100P60s 100 110 34.12 31.02
14 C - 100P60s 100 110 33.00 30.00
15 C - 100P60s 100 110 31.78 28.89
16 C - 100P60s 100 110 30.26 27.51
17 C - 100P60s 100 110 34.77 31.61
18 C - 100P60s 100 110 32.93 29.94
19 C - 100P60s 100 110 34.57 31.43
20 C - 100P60s 100 110 31.14 28.31
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A [ a J = @ s o @ 9 a a
AT NN V. 4 WaﬂTi'Jﬂ‘lll!WQBHﬂWﬂHTIUGﬁQﬂl!ﬂﬂ!ﬂJfJiJ“]fﬁulfl/\lﬂ‘ﬂﬁﬂlﬂﬁ?g‘ﬂjﬂﬂiﬂfﬂﬁﬂ“}fﬁiﬂ

Glumimmpwummgmﬂ (C-100P180s)

a
aNnzcanIn

o4 ana X y VIABYMA
aaun . , , )
CRIGEREAY Glunns)  WYE)  (HHE) G luuns)
1 C - 100P180s 50 100 43.07 21.53
2 C - 100P180s 50 100 40.62 20.31
3 C - 100P180s 50 100 43.02 21.51
4 C - 100P180s 50 100 43.16 21.58
5 C - 100P180s 50 100 43.32 21.66
6 C - 100P180s 50 100 40.56 20.28
7 C - 100P180s 50 100 41.27 20.63
8 C - 100P180s 50 100 40.62 20.31
9 C - 100P180s 50 100 43.84 21.92
10 C - 100P180s 50 100 43.86 21.93
11 C - 100P180s 50 100 41.32 20.66
12 C - 100P180s 50 100 40.56 20.28
13 C - 100P180s 50 100 40.62 20.31
14 C - 100P180s 50 100 40.60 20.30
15 C - 100P180s 50 100 42.84 21.42
16 C - 100P180s 50 100 43.86 21.93
17 C - 100P180s 50 100 40.03 20.02
18 C - 100P180s 50 100 40.69 20.35
19 C - 100P180s 50 100 40.60 20.30
20 C - 100P180s 50 100 40.45 20.23
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A [ a J =) o A W o P o 1
ANTTNN V. 5 Naﬂﬁ’]ﬂﬂluWﬂﬂuﬂWﬂuﬂuﬁmﬂuﬂﬂLiJEJiJGliallWﬂ‘V]ﬁ'\iLﬂimﬁjﬂﬂi%ﬁﬁwﬂuizﬁ’lﬁ

a J = a a a A
woatwes Ind lhalnlsalaunaznsadasnlunisaiuguaninoynina

(PC - 100P60s)

a
aNnzcanIn

o4 ana X y VIABYMA
aaun . , , )
CRIGEREAY Gnlwnns)  WYE) (W) G lunns)
1 PC - 100P60s 50 100 10.75 5.37
2 PC - 100P60s 50 100 12.12 6.06
3 PC - 100P60s 50 100 12.28 6.14
4 PC - 100P60s 50 100 12.75 6.38
5 PC - 100P60s 50 100 12.20 6.10
6 PC - 100P60s 50 100 12.93 6.47
7 PC - 100P60s 50 100 12.27 6.14
8 PC - 100P60s 50 100 12.25 6.13
9 PC - 100P60s 50 100 11.92 6.00
10 PC - 100P60s 50 100 11.75 5.88
11 PC - 100P60s 50 100 11.69 5.85
12 PC - 100P60s 50 100 12.47 6.24
13 PC - 100P60s 50 100 11.98 6.00
14 PC - 100P60s 50 100 11.94 5.98
15 PC - 100P60s 50 100 11.85 5.92
16 PC - 100P60s 50 100 11.68 5.84
17 PC - 100P60s 50 100 11.92 5.96
18 PC - 100P60s 50 100 11.78 5.89
19 PC - 100P60s 50 100 12.50 6.25
20 PC - 100P60s 50 100 11.96 5.98
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A [ a J =) o A W o P o 1
ATT NN V. 6 Naﬂﬁ’]ﬂﬂluWﬂﬂuﬂWﬂuﬂuﬁmﬂuﬂﬂLiJEJiJGliallWﬂ‘V]ﬁ'\iLﬂimﬁjﬂﬂi%ﬁﬁwﬂuizﬁ’lﬁ

a J = a a a A
woatwes Ind lhalnlsalaunaznsadasnlunisaiuguaninoynina

(PC - 100P180s)

o4 annzash ana X y VIABYMA
aaun . , , )
CRIGEREAY Gnlwnns)  WYE) (W) G lunns)
1 PC - 100P180s 100 110 4.68 4.25
2 PC - 100P180s 100 110 4.60 4.18
3 PC - 100P180s 100 110 4.68 4.25
4 PC - 100P180s 100 110 4.61 4.19
5 PC - 100P180s 100 110 4.00 3.63
6 PC - 100P180s 100 110 4.52 4.11
7 PC - 100P180s 100 110 4.32 3.93
8 PC - 100P180s 100 110 4.46 4.05
9 PC - 100P180s 100 110 4.61 4.20
10 PC - 100P180s 100 110 4.72 4.29
11 PC - 100P180s 100 110 4.68 4.25
12 PC - 100P180s 100 110 4.40 4.00
13 PC - 100P180s 100 110 4.68 4.25
14 PC - 100P180s 100 110 4.34 3.95
15 PC - 100P180s 100 110 4.56 4.15
16 PC - 100P180s 100 110 4.32 3.93
17 PC - 100P180s 100 110 4.36 3.96
18 PC - 100P180s 100 110 4.34 3.93
19 PC - 100P180s 100 110 4.42 4.02
20 PC - 100P180s 100 110 4.41 4.01




134

U - 2 MIMUIUAOVYDIININAINY (Dharma & Pisal, 2009)
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NANTENUUAY Zn, Cd,S ramanuaAndliniinasiilauasddasiras
Effect of Zn, Cd,S on The Open-Circuit Voltage of Solar Cell

AMqs lavzing’, waz usnan Insusm™

Khathawut Lohawet', and Norawit Krainaraz*

" @197 3T INNANARTAIUIAREN AISINLNANART UNINEAEILTN

* AT NAR ADUZINEANART NWTINEIFEYTN
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o al all ! ¥ a o a a [~
nsaneiedlulasnianiazsine Tnalinedwes PP uaznsadssnidusnsasuanauin naw SEM  uaz TEM

=

wansgtlinazesansdansiidunuunsananiauintszaim 4-6 nm  gnsdiuszndndinsduazianidangn
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¥ o
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'
el
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Adany: lransiad lulasan dnzd uandan avrus1eAnedTWinaganile

Abstract

Zn, Cd S nanoparticles were synthesized through a novel one-step solvothermal under microwave
radiation using PVP and citric acid as size controller. SEM and TEM show that the particles are sphere and
low distribution diameter in range of 4-6 nm. The compositions of Zn, Cd S were varies depending upon initial
concentrations and % output of microwave power. The result in tunable band gap energy indicated that this
material is good for application in photovoltaic device such as solar cell. Additionally, a simple- homemade
solar cell was carried out using Zn, Cd,S nanoparticles as absorber. The maximum V__of 765 mV confirmed

that these nanoparticles gave higher efficiency than usual.

Keywords: Solar cell, Microwave, Zinc, Cadmium, The open-circuit voltage

*Corresponding author. E-mail: Norawit@buu.ac.th
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