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Abstact

Nowsdays, nanotechnology is very important in the production and development of energy
storage. For example, a supercapacitor using nano-carbon to make electrodes which is highly
porous, allowing for fast charging and storing a large electric charge. And when adding a
selective membrane layer, which is a separator between the nano-carbon layers. Thus allowing
more electric charge to be stored. In this research, Perovskite oxide was added to the inside of the
separator. Perrovkite material was prepared by a simplify method, namely CaTiO,, BaTiO,,
SrTiO,, ZnTiO; and CuTiO,. Then sintered the Perrovkite material at a temperature of l,OOOOC
for 8 hours. Then, Perovskite material was mixed with a solution of Polysulfon (PSF). The
separator was added with Perovskite material in the proportion of 0.5%, 1.0% and 2.0% wt,
respectively.

In studies to examined Perovskite oxide crystal structure by using XRD technique, we
found that 5 samples had crystalline planes consistent with the structure of Perovskite
materials. The surface of the separator was examined with SEM photographs, we found that The
separator from the PSF was added with perovskite oxide. This causes the Perovskite particles to
be replaced in the porosity and on the surface of the separator. In additional studies to find the
specific capacitance of supercapacitor of the CaTiO; 2.0%, the highest value was 464.31 F/g. And
it is 2.18 times higher than that of using only PSF separator. Thus, the addition of Perovskite

oxide in a separator are suitable for the fabrication of supercapacitor.

Keywords: supercapacitor, Perovskite, separator, membrane
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a Aa A v 3 A [ @
Tunsdseiulscansnmuesdunuilszqeaeaa (Deng, M., et al., 2005) 15131171579
9 A ~ Y 1 o [ v 9
A8LA 303 Battery Testers system 8119 NEWARE §U1 BTS3000 Iﬂ&l‘l/ﬂﬂ”liﬁﬂﬂ”lﬂ’ﬂui;hh/\h/\l”l
N2 (Specific capacitance), WAII1UTUNIZ (Specific energy) HazlTz@NTAINATOALAY
Mo132q (Charge/discharge efficiency) lagts1namnsnianinnuruutiunasnu’ld laoasg
4 o r L4 v A
1NINT DY Battery Testers system ATNUNITN (1) mﬂuuwaumgﬂaumﬂwu INDNININITNY

Tihswmng ldanaunisn ) Famldan

1

E= =-CV? @2.1)
2
2E

C = 72 (2.2)

A A v o . = 1 I
(19 E A9 Wa9UI N (Specific energy 111761111 mWh/g)
9 . . 1 I
Cfo mmi;"lw%’/hmmw (specific capacitance vy F/g)
1 o = 1 I
Vv A anuanadng i (voltage Hrire1dlu V)

) )
1% % 1 I
m A9 WIAVBING 2 U (total weight of the two electrodes U111 g)
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1) Hnsn Tuvesasaaseuisuesesn lad (Sr0,) uaglnmitioylaeen lua (Tio,)
Y o v o 7 . . @ U < Y
naNAUAINFATINYT U TTUWUT (stoichiometry) Tusas1dIu 1: 1 Taglua naz'ldes
= . A 3 o . . =
dasowfion Ilnnuua (SrTio,) Milumaur Ty @3@un1s Sro, + Ti0, — SrTiO; 1agh Sro,
901 Y] I o w
wag Tio, Nimiin Tuanadu 119.62 1ag 79.87 g/mol MINAIAY
o [ ¥ A Y 4 qvY o 9 A o A
2) HETNITBIN IV UATIUA AT AN UAIBIATDIDANT LA
o S Y ' Y A Y o = . . A
3) Wdseaasanad ldasludreegiul ud29iIn 15w NN NI (sintering) 9
a I < Y 3 Y .
gavni 1,000°C iWunan s 92 Tus soldidu negldens seTio,
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4.1) Bar00n loa taz Innuilenlaoon loa a2 1dBea lnnuua

ZnO + TiO, —> ZnTiO,
= 4 =\ 4 9 ~

4.2) nuiseueon lud vaz Innuilenlaen lad v Iduuid e Innuua

BaO + TiO, — BaTiO,
= 4 =\ 4 9 ~

4.3) upaseuoon lsa uaz lmnudienlaoon lua g lduaamen lnniuue
CaO + TiO, —> CaTiO,

4.4) aelodoonlad uaz Innmutioylaeenlad a2 ldnoinled Innuua

CuO + TiO, — CuTiO,
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1) $n1Tazaneiaveeans Polysulfon (PSF) IR ianumududesas 15 Tasvimiin lu
4 1 < { a I
@13 Dimethylacetamide (DMAc) 183N IUAIIATBINIUTITUVVLAMAN Ngungil 60°C 1T u
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3) ivuwige@enuNeguUN Iz INUFad U1 DI e lvimaaeniwnan1slasuma
I 1 g’/ = Y Y ~ a 9y I < o ~
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9 @ [l { J ] Y 4 ] @ v A
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Wwge@aenau

A
¥oa13

a PSF (g) DMAc (g) Perovskite (g)
1 PSF 15 85.0 0
2 PSF_SrTiO3_0.5% 15 84.5 0.5
3 PSF_SrTiO3_1.0% 15 84.0 1.0
4 PSF_SrTiO3_2.0% 15 83.0 2.0
5 PSF ZnTiO3 0.5% 15 84.5 0.5
6 PSF_ZnTiO3 1.0% 15 84.0 1.0
7 PSF_ZnTiO3 2.0% 15 83.0 2.0
8 PSF_BaTiO3 0.5% 15 84.5 0.5
9 PSF _BaTiO3 1.0% 15 84.0 1.0
10 PSF_BaTiO3 2.0% 15 83.0 2.0
11 PSF_CaTiO3 0.5% 15 84.5 0.5
12 PSF_CaTiO3 1.0% 15 84.0 1.0
13 PSF_CaTiO3 2.0% 15 83.0 2.0
14 PSF_CuTiO3 0.5% 15 84.5 0.5
15 PSF_CuTiO3_1.0% 15 84.0 1.0
16 PSF_CuTiO3 2.0% 15 83.0 2.0
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34 mydszAvgdumuudaiulszgdeannlassananlumsmessealnnesnlya
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1) sguaIsasan ﬂ@!ﬂﬂi‘l/lilla‘ﬂmﬂﬁ 13 Tetraethylammonium tetrafluoroborate (TT) ity
~ y 9 L. Y Y] A T 3 A
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Coin cell base

Coin cell lid

sUT 3-8 dudszneuves Coin cell

Q Coin cell lid
- Punluasueu
asavawdanivsla —— |
\Holdannu

a1sazangdaninslayn ——>

<> Flnfulupsuou
Q Coin cell base

JUN 3-9 msuszneusuiulsyadeendie Coin cell
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3.5  m5vaenlnseadawanvesa1sned 19 amniia X-ray diffraction (XRD)

¥ = o ' Y a Y A
@li’Ji]ﬁEli_lIﬂiiﬁiNNﬁﬂ‘U’ENﬁ"li@’J@ﬂN AIYINAUAN XRDI@]EJi“IﬂﬂiEN X-ray

S 9

diffractometer (8% ® Bruker 314 D2 PHASER) #9431 % 3-11 1492970 20-80° 1o 1i1n1s

Y =2

4 [ dy
asvaeulassairananvesansmessevla’lnyl d9il SrTiO,, ZnTiO,, BaTiO,, CaTiO,, 1Az

CuTiO,

gﬂﬁ 3-11 1AT04 X-ray diffractometer (XRD)
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3.6 A30TOUNUAIVDIAIINI0EN9AIATDI SEM
dij a 9 1 1 = PR d‘ A ] v
asvdeUNUAIRIeMIten wLuLdumUsun 1f i wbedenruvesdunuilsyy
v Y 1 v
YNYINVDIFTITAIDYINNN 16 AIDYN TaglHa30q Scanning Electron Microscope (SEM) @ﬁlﬂ

Carl Zeiss 34 AURIGA) #3171 3-12

gﬂﬁ 3-12 10509 Scanning Electron Microscope (SEM)

(http://cste.sut.ac.th/2014/?p=1725)
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3.7 Awnziszdninmeasiunulszqlen

Y
v W

a d a A v I 2 . a = 9
M3uATERl sz aNnTa A ulse989eIa1U Coin cell Taan1saaaanuaAvulINII 21

A A v 1 A o [ 9
Y0 9430 Battery Testers system 80 NEWARE 1 BTS 3000 tWo41n153an21u9 1l
UNW1Z (Specific capacitance), WAIIIUIUNWIE (Specific energy) tazsz@nsnnnisoatas

fntlﬂizi] (Charge/discharge efficiency) ﬁﬂg 1 3-13

[l I ERAIZN S B3 L

a [ a a v A 9 A
EUVI 3-13 ﬂ’lﬁjﬂﬂigﬁﬂﬁﬂ’lwma\jﬂjlﬂﬂﬂﬁgﬂqﬂ\jfnﬂﬂjﬂlﬂia\j Battery Testers system
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41 MIasRTeUIATIAKNanAemAA XRD
14 d g 1 1 1
lumsiwssuarsur Tumoessona lnn dumswanedwirevesarsurlulungulany
J =~ J 1Y o 1 v o d . .
pon lsaazas Innutionlaoon lod nauduaudaaiutsuaesduwus (stoichiometry)

a

Tudasiaiu 1: 1 Tnglua mm‘?uv‘hmsmmﬁﬂmgmﬂﬁqmwgu 1,000°C ifluran 8 4 Tug
doldinamsnldenTnssadaduars i Tumeiseralnivosasdred qail SITiO,,
ZnTiO,, BaTiO,, CaTiO,, 11ag CuTiO, 1101 1a15#10d19u1a519801 Tnseaianandae
maiia XRD dagUit 4-1 11015 3afiyn 2-theta Tug9 20-80° msretaa s 1 1aseadng
wasuiluasmessenlnd nut msdediana s deta filasiainaniiaeandeaniy
FTUIVLAZHAANTNITTNBS (lattice parameters) vosmsage'llil as SrTiO; U52UIV 110
111 200 211 220 wag 310 Taedawaanailu 0.3892 nm @13 ZnTiO, U524 111 220 311
222 400 422 511 440 422 511440 620 533 622 uas 731 Tﬂﬂﬁﬂlnlﬁﬂﬁ%ﬂu 0.8455 nm
815 BaTiO, 132110 110 waz 002 Tasiiawannaily 0.4039 nm #13 CaTio, W21V 110
020 112 210 103 022 202 130 222 132 204 231 133 323 134 240 LA 420 lasiial
uanfiw i 0.6334 nm 1ag N3 CuTiO, U3LUIW 102 104 107 114 201 108 1ag 203 Tagiiad

a I
tan iy 0.3045 nm
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Intensity (a.u.)
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SrTio i
) 3 ) [ ZnTiO,
A« ’ | (|
‘ \
' " UW W‘WWW |
10 zlo slo 4Io 5Io slo 7Io 80 10 z‘o 3‘o 4In 50 slo 7‘0 80
2Theta (degrees) 2Theta (degrees)
f) BaTiO3 9) CaTiO3
-
W\A_JQ—AU\‘W “““.\JL_",‘.J’_\_\_/’ \.\.\,_»-‘LJ_“ILA\,‘_J\,.NA A
10 20 30 40 slo 60 70 80 10 zlo slo 4|n sln alo 7|o 80
2Theta (degrees) 2Theta (degrees)
)
CuTiO3

Intensity (a.u.)

PR | s el

|

L
\ J ‘ i
y M LA N AN

\\\\ i i

A

I 1
10 20 30

1 I !
50 60 70 80

2Theta (degrees)

310 41 Taseadan@nues n) SrTiO, ¥) ZnTiO, A) BaTiO, 1) CaTiO, 1Az 9) CuTiO,
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&’ a 4’ A ] Vv d‘
42  A39T0UNUAIVDULDIADNHIUAIUAITDI SEM
4.2.1 MWy SEM o 3E01a0nH114010 PSF

dy a 1 A Y I A A 1 v A
Tunisasrvaeunurmvesrus U Iniubeaeniuyesd 1N Uz 3899
33| ' A . . o A <3| A A '
1} UAIMD199171ATI Scanning Electron Microscope (SEM) A431)% 4-2 1 uigeraenniuain
A Yy 9 9 3 o . .
@19 Polysulfon (PSF) §ANUUNVUIDEAY 15 Tagvmiin Tuans Dimethylacetamide (DMAc)

' ] A A ] = Y
NUN uuuwmjmmam@ﬂmuugmnﬂizmm 422 nm

d' 1 d‘ A 1
5Uf 42 nmae SEM U8dgotaanN1udn PSF

')

: A a4 4 da .
4.2.2 mMwong SEM voueiataenduiiinas SrTio,
s g I o = . . 9 a o
asmessodd Invioon laanihmsiminiineynin (sintering) Arogairini 1000°C
< & Y o ~ & A A ' A s P s
Aunan 8 %19 udnhuueseudlusugedenmuann@uasu lumessenalnioon lud
4 { ¥ a
iievaz 0.5, 1 uaz 2 Tagrmin aslumsazarovesInadalvu aegii 4-3 udasiium
' A A " oA a i Yy 5 1y
INNIND1Y SEM v0980@onuiauas ScTio, 1iuineas 0.5, 1 1ag 2 Tagdimiin aslu
a o A o 1 4 I da! o Y
dsazareued Indga Wy edadiuvesmsmoessend Inninniu vz ldoyninvesas

4 J 9 ~ a A A ] 4%’ ] 1% [ ~ = A
LW@iiﬂwﬁqﬂaL‘lﬂqﬂuﬂuﬂUuW'J‘lJ’OQLEJ’OLa’OﬂWTHZJTﬂ‘UuLGHHﬂl! @Nglh/l 4-3 %umgﬂ‘n 4-7



4' 1 A A ' A a . 9 2 o
31]7] 4-3 MND1Y SEM U UaLaonNWIUNANT1T SrTiO, 980 0.5, 1 1S 2 Tagmiin
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4.2.3 Moy SEM veagoiaenruiitinals ZnTio,

[ a d%l a 1 A A ] A a . Y
i]'lﬂﬂ\igﬂ‘ﬂ 4-4 LLFAINUANINNANTINDY SEM UDUIDLadNWIUNANETTT ZnTiO, 114

2
¥euaz 0.5, 1 uaz 2 Tagrimiin asluasazansvesInada lny

4' 1 A A ' A a . 9 2 o
31]7] 4-4 PMNDY SEM U UgaLadnNHIUNANTT ZnTiO, 7980 0.5, 1 LS 2 Tagrniin
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4.2.4 MWey SEM veuoraenmuiitiuas BaTio,

[ a d%l a 1 A A ] A a . Y
i]'lﬂﬂ\igﬂ‘ﬂ 4-5 UFAANIWUAINNNIND1Y SEM UDUYDLIaD NNIUNIANT1TBaTiO, 114

Y
¥euaz 0.5, 1 uaz 2 Tagrimiin asluasazansvesInada lny

4' 1 A A ' A a . 9 2 o
31]7] 4-5 MND1Y SEM U UgaiadnHIUNANTE1T BaTiO, 7980 0.5, 1 LD 2 Tagrniin
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4.2.5 MW SEM voudataeniuiitinans CaTio,

[ a d%l a 1 A A ] A a . Y
"l]'lﬂﬂ\igﬂ‘ﬂ 4-6 LHAANIWUAINNNIND1Y SEM UDUYDLaD NNIUNIAN 1T CaTiO, 114

2
¥euaz 0.5, 1 uaz 2 Tagrimiin asluasazansvesInada lny

4' 1 A A ' A a . 9 2 o
31]7] 4-6 NND1Y SEM U UgaiadnNHIUNANE1T CaTiO, 7980 0.5, 1 LS 2 Tagrniin
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4.2.6 MWae SEM veudataeniuitinals CuTio,

[ a d%l a 1 A A ] A a . Y
i]'lﬂ@Ng“]JTl 4-7 UHANNUANININNIND1Y SEM UDUIDIadNNIUNIANT1TCuTiO, 114

Y
¥euaz 0.5, 1 uaz 2 Tagrimiin asluasazansvesInada lny

4' 1 A A ' A a . 9 2 LY
31]7] 4-7 MND1Y SEM U UgaLadnNHIUNANT1T CuTiO, 3980 0.5, 1 1S 2 Tagumiin
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a d a A (Y] Q'
43 Gwmnzndszanimmvesdunuiszqiisein
= v d A 9 o ' S o
ninmsfnaanulizgeeiannlaseaiwunlumsmeisoralniioon lad asaisa
= v y ¢ yA A v Aq ¥ Ao
1 4-1 Taglgv il uur Tunisveu wazlfgei@aent1u (separator) N lFa1s Inada vy
E o A P ' s Y ' . . .
15% Tagumiin uaz@uaisur lwwoeisera lnneon lad 1aun CaTio, ZnTiO, BaTio,
[ 1 %7/ Y] I o o
SITiO; Uag CuTio; lasl¥dadiunauTasviniiniu 0.5% 1% uay 2% ludiiazar
Dimethylacetamide (DMAc) #28n156a1s5zauaza1edszq Iiihinnszualuih 10 ma Tagld
A a Y 1 A o [ Y o
173049 Battery Testers system 810 NEWARE 1 BTS 3000 tWo1i1n153aa21wq I ihdunz
(Specific capacitance), WAIIUTUNWIE (Specific energy) ttazlszanTmmmsoauazamelszy
o { 1 v A { 4 1 I
(Charge/discharge efficiency) A431/# 4-8 wu1 Aunulszyoseanlfve@ensiuilu PSF i
a1 s ume 212,57 Fig wasnudumig 1.8452 mWh/g tagalse@ninmnmsdauas
Ae152q 87.398%
) v o A A alé A ] A a 4 4 1 ]
dmsuannulszyennanlfivedendiui@uaisun Tumoedseovla lnit wud Anug
Y o (5 1 { a . @ (% { .
IWdhsumzuosdsarog 1Ay CaTio, niin 2.0% (#9317 4-8 PSE_CaTiO3_2.0%, H1387)
1 { I
uargangaiilu 464.31 F/g 7092901 Ao CaTiO; 1.0%, StTiO, 2.0%, ZnTiO, 0.5% 1z SrTio,
o o A A v v A Aq YA A ] I 1 ~ =<
0.5% auaay watmeunuaunulszyseeranlsoe@onkivilu PSF 9819Rg JuruIzan
o o a Jd v a 1 o [ o 1 ~ A A Y
nunsinseangiludnnuilszyssena uadmiuasarednnimaelininawg Tih
o 9 [ =] A Aq YA A ] I 1 ~
Tumztesnnaunulseyeianlseamenniuily PSF a81308)

o & =] 2 {q o A 1 A a . o Y Y
Ay aunuilszgseranlfige@onmiuii@n CaTio, min 2.0% Ay Tadh
o ~ = 1 A =\ o v A ~Aq YA = 1 I~
TuMzganganazuInd 2.18 w1 eameunudunvlszyaseranlgba@enniuly PSF

[l = Y [ o d' 1 1Y A :é Y a A
P819Ae7 1Az THAMGINUTUNZZINGAFUNY A0 4.0305 mWh/g B lrimscansainms
o Y= = o ° a ¢4 ] A
oauaznelszylang 79.856% Jummnzauiunsihulszangidudanulszagserauin
Nga WesunUaIA10819NNAY GIUAITAIDGNAY ZnTiO, 1.0% Nilsz@nTn1mn1ion

= A Y o A o A = ' o
uazmedszgeda 121.5% uaiiainug IlihdumzAdmn fie 0.21 F/g 39 lumangauniy
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M99 4-1 Aanug luihdume wasausune wagdlszaniammsoanazaelsza

v I A
nazud 1w 10 mA vesduRvsEYBEI0

UszanEmmms
g 13720819 anupldihdumz | wasoudumz | dasazmeilszy
(F/g) (mWh/g) (%)
1 PSF 212.57 1.8452 87.398
2 PSF_CaTiO3_0.5% 75.84 0.6583 97.599
3 PSF_CaTiO3_1.0% 341.03 2.9603 79.170
4 PSF_CaTiO3_2.0% 464.31 4.0305 79.856
5 | PSF_ZnTiO3_0.5% 287.23 2.4933 60.859
6 | PSF_ZnTiO3_1.0% 0.21 0.0018 121.5
7 | PSF_ZnTiO3_2.0% 43.45 0.3772 45.840
8 | PSF_BaTiO3_0.5% 0.05 0.0004 39.184
9 | PSF_BaTiO3_1.0% 116.92 1.0149 38.860
10 | PSF_BaTiO3_2.0% 106.64 0.9257 77.264
11 | PSF_StTiO3_0.5% 214.33 1.8605 84.303
12 | PSF_StTiO3_1.0% 0.13 0.0011 41.322
13 | PSF_SrTiO3_2.0% 324.41 2.8161 77.340
14 | PSF_CuTiO3_0.5% 35.98 0.3123 38.098
15 | PSF_CuTiO3_1.0% 38.51 0.3343 43.304
16 | PSF_CuTiO3_2.0% 48.78 0.4234 41.506




Rate of 10 mA charge and discharge
500

450 —
400 -
350 —
300 -
250 —
200 —

150

Specific capacitance (F/g)

100
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[ PSF

Il PSF_CaTiO3_0.5%
Il PSF_CaTiO3_1.0%
[ PSF_CaTiO3_2.0%
I PSF_ZnTiO3_0.5%
I PSF_ZnTiO3_1.0%
I PSF_ZnTiO3_2.0%
Il PSF_BaTiO3_0.5%
Il PSF_BaTiO3_1.0%
[ T1PSF_BaTiO3_2.0%
B PSF_SrTiO3_0.5%
[ PSF_SITiO3_1.0%

[ ]PSF_SITiO3_2.0%
I PSF_CuTiO3_0.5%
I PSF_CuTiO3_1.0%
I PSF_CuTiO3_2.0%

50
o . N

Type of Perovskite materials in Polysolfon separator

Qo

Aq ¥y A A T A a s I
ﬂi“]flflf)m@ﬂWTL!VI!@]ilﬁ']‘iu'lIuLWﬂ‘iiﬂWﬁhlﬂ‘ﬂ

1 4-8 mssauazaeszy ihiinszualvih 10 ma vesduRvIlszqBenIa






=
unns

= Y
a3iwa adsewa nazvataueuus

51 agUwarezedisenamsidy
=) 14 4 [ [ 1 9 =
5.1.1 mawseuasun lumessovlalnn wausuaudadiu 1: 1 TasTua udummiin

a

< = 4 0 q ¥a d‘ v =
ayMANganN 1,000°C Huran 8 ¥ Tus i lmnamsnlasumlaslaseaianwan asiaden
[Y a I J ¢ o & . . . .
dromatia XRD WuarsurTumoessora lnn aeil SrTiO;, ZnTiO,, BaTiO,, CaTiO,, g
. = 9 [ 4 4 a1 a I
CuTiO, “]Nﬁ'@ﬂﬂﬁ'ﬁ]\?ﬂﬂi&uWUﬂJﬂﬂﬁWiLWﬂiiﬂV\lﬁqﬂﬁ T@ﬂmmammf 11l 0.3892 nm, 0.8455
nm, 0.4039 nm, 0.6334 nm 1A% 0.3045 nm ANA 1AL
X a 1 Aq ¥d A A i v
5.1.2 GI,‘L!fﬂi@]i’)i}ﬁ'ﬁ]‘lJW‘llN’Jsll'E]\?LLW‘IJl,il11L°1Ji‘L!ﬂi%tﬂulﬂ'ﬁ]m'ﬁ]ﬂﬂ1uﬂl'€]ﬂ@’)mﬂﬂi%i]
2 3 1 A . . 1 < A A '
898210 UNIND1891NAT O Scanning Electron Microscope (SEM) W11 Wugo@enkIuN
a A A 7 4 s
@13 Polysulfon (PSF) Hgnd1aszuim 422 nm uazloduarsu Tumoessond Invioon loq
ya v Y 0o q.¥ @ ) { N
Iide0az 0.5, 1 uaz 2 Taeumin sgsh lieymavesasmes send Inaw lununuuin
A A ' X
UBDUYDADNHIUNINUY
v 2 {q o A 1 < 1 Y _ o
5.1.3 aunuilszysseranldwe@enniuilu PSF iy IWihdune 212.57 Fig
WAIUTUNE 1.8452 mWh/g tazilsz@nimwmsoauazaioilszy 87.398% dmiugeiden
1A a 4 o= o o a 3 o o )
NTL!‘1/1WmﬁﬁuWIHLW@‘iifW‘IﬁllﬂWﬂmuWﬁﬂJﬂUﬂW'D'UWMWﬂ'i%ﬂHglﬂu@’Jlﬂ‘Uﬂi$ﬂqufJ’Jﬂiﬂﬂ
I~ = A A 1 A A . @ A Y1 Y _ o = ]
Nga Ao 1WoIRENHIUNAY CaTiO, ¥1in 2.0% 1110 1nIdaAmNug lfhd iz gangadlu
464.31 F/g 3990301 Ao CaTiO, 1.0%, StTiO, 2.0%, ZnTiO, 0.5% g SrTiO, 0.5% RETGRIST
A~ v o 4 A Aq YA A ' I ' ~
L‘JJmefJ‘]Jﬂ‘]Jﬂ’JLﬂ‘]J‘]Jig@ﬂﬁﬂ?ﬂﬂi%ﬂ@kﬁ@ﬂw1umu PSF 2813tp81
v & o g A HqyA A I A a . @ Y Y
Wi annvulszqoesianlfibedentiuii@y CaTio, wiin 2.0% a1y Wi
° A = ' A A v o A Aq YA A ' 3|
AUNICFTINFALUASNINGT 2.18 NN !JJE)WIEJ‘Uﬂ‘U@]’JLﬂUiJﬁ$§ﬂﬁﬂ?ﬂﬂﬁlsﬁlﬂﬂlﬁﬂﬂw'}ulﬂu PSF
[l = = [ o a I 3 v < A A A =1 @
DYINIAYT meNTZﬁ'iJﬂ‘]Jﬂ']'iU'lﬂJWﬂigﬂ‘Hjlﬂu@]’JLﬂUﬂizﬁ‘(’J\i‘(’J’JﬂiJ']f‘l“l/]q@ WanyuNUNI

AI0E19NNA2

52  YolauouU

U o

o a A v 3 A A 9 A a A Y
W7 EJ‘VHﬂWTH”IiJSgﬁ‘VI‘ﬁﬂTWGU'OQ@’JLﬂ‘U‘]JﬁgfﬂqENEJ’Jﬂ L‘Wi’)@ﬂﬁﬂ?ﬁLWﬂJﬂﬁ%ﬁﬂﬁﬂWWiﬁq\i

U

v
a

Y
geuu Tagaziinisasouaziauiane 1 lumsauarsur Tumoessenalndt squsuuiTu

9
ﬂ1§uau1uﬂ1iwwu1mm'lﬂ






33

VIFIUNIN

Fodng oal3, 2379l Lﬁaq’:?”@ﬁuazWﬂﬁmu 2NN AT (2555). fa@waumaaﬁau1iuﬂ1§uau
wuunianmevusiiadaulsiuTagleleTumes itemsilszgndlilunsnsaady
ufe, NIANIINNIMAATYIN, 17(2), 28 — 37.

15936 nollsas Wanl. (2014). ﬁazﬁuﬂsg@‘éwm (Supercapacitors): qﬂnmiﬁ’mﬁuwé'fwm
1N%1ﬁﬁ15&3~11l!5\1, TEMCA magazine 2,2, AUGUST-OCTOBER, 75-78.

pRYIA AUINGINA, Newlumiveu: Jaqlueuinn, 115815 MT.E.C, ga1nn — 5uau
2553.

Deng, M., Yang, B., and Hu, Y. (2005). Polyaniline deposition to enhance the specific
capacitance of carbon nanotubes for supercapacitors, Journal of Materials Science,
40, 5021 — 5023.

Gamby, J., Taberna, P.L., Simon, P., Fauvarque, J.F., and Chesneau, M. (2001). Studies and
characterisations of various activated carbons used for carbon/carbon
supercapacitors, Journal of Power Sources, 101, 109 — 116.

Jaiban, P., Suwanwong, S., Namsar, O., Watcharapasorn, A. (2015). Simultaneous tuning of the
dielectric property and photo- induced conductivity in ferroelectric Ba,,Ca,,TiO,
via La doping, Materials Letters, 147, 29 — 33.

Lui, P., Lai, Y., Zeng, Y., Wu, S., Huang, Z. and Han, J. (2015). Influence of sintering
conditions on microstructure and electrical properties of CaCu,Ti,0,, (CCTO)
ceramics, Journal of Alloys and Compounds, 650, 59 — 64.

Masingboon, C., Eknapakul, T., Suwanwong, S., Buaphet, P., Nakajima, H., Mo, S.-K.,
Thongbai, P., King, P.D.C., Maensili, S. and Meewasana, W. (2013). Anomalous
change in dielectric constant of CaCu,Ti,O,, under violet-to-ultraviolet irradiation,
Applied Physics Letters, 102, 202903.

Perathoner, S., Ampelli, C., Chen, S., Passalacqua, R., Su, D. and Centi, G. (2017). Photoactive
materials based on semiconducting nanocarbons — A challenge opening new

possibilities for photocatalysis, Journal of Energy Chemistry, 26, 207-218.



34

Suwanwong, S., Eknapakul, T., Rattanachai, Y., Masingboon, C., Rattanasuporn, S.,
Phatthanakun, R., Nakajima, H., King, P.D.C., Hodak, S.K. and Meewasana, W. (2015).
The dynamics of ultraviolet-induced oxygen vacancy at the surface of insulating
SrTiO, (001). Applied Surface Science, 355,210 — 212.

Suwanwong, S., Kullapapinyokul, J., Eknapakul, T., Buaphet, P., Phatthanakun, R. and
Meewasana, W. (2015). Resistivity change in SrTiO; upon irradiation and its
application in light sensing. Suranaree Journal Science Technology, 22(1), 93 — 98.

Sudhan, N., Subramani, K. Karnan, K., Ilayaraja, N. and Sathish, M. (2017). Biomass-Derived
Activated Porous Carbon from Rice Straw for a High-Energy Symmetric
Supercapacitor in Aqueous and Non-aqueous Electrolytes, Energy Fuels, 31,
977 - 985.

Xiong, W., Liu, M., Gan, L., Lv, Y., Yang, L, Yang, L. Xu, Z., Hao, Z., Liu, H., and Chen, L.
(2011). A novel synthesis of mesoporous carbon microspheres for supercapacitor
electrodes, Journal of Power Sources, 196, 10461 — 10464.

Yan, J., Liu, J., Fan, Z., Wei, T., and Zhang, L. (2012). High-performance supercapacitor
electrodes based on highly corrugated graphene sheets, CARBON, 50,2179 —

2188.



MANHIN






MANHIN D



10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)

Tnnos Y119 50 ml, 100 ml
N5ZUDNAN

' Y

LN IAUANT
A
NAVAES
a d
Waufuoms
Fouanas
] a A 4
VLR AT BT
HAHUIII T A
TnsnuazaInuaans
#78029U11 (Alumina crucible)
Coin cell
uHunszan la
ey i
RH YUIR 0 — 1,100 °C
d‘ (% a 4
1n303a lalasand
4 1 I
IATOINIUATUV VLKA
Lﬂ%ﬂﬂﬁm"]mﬁxmﬂﬁ)’mmiiﬁ! (Ultrasonic Cleaner)
. _ s
GEGN X-ray diffractometer (?JWEJ Bruker D2 PHASER)
4 . . { v .
IA309 Scanning Electron Microscope (?JWEJ Carl Zeiss 34 AURIGA)

1A3049 Battery Testers system (8% NEWARE 3u BTS 3000)



MANHIN U

=
a13tnu



S A
aniny ua

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

(2

N

dolu

W Tuaiveu

1®NI1UDA (Ethanol)

ﬁmﬁu (DI water)
ansowiisunleseonlad (Sr0,)
Tnmisienlaoenlad (Tio,)
Fanoan lsa (ZnO)
wuiseueen lud (Bao)
uaaiFeneon lad (Ca0)
aelnlesoonlud (CuO)

N1 LA 133 Water-based Binder
#13 Polysulfon (PSF)

#19 Dimethylacetamide (DMAc)

#19 Tetracthylammonium tetrafluoroborate (TT)



41

sz 3RrImnInsemsIdy

1. ¥o-uwana weniiag ga35aed
Mr. Sanit Suwanwong
2. nevlinsdseadsensn 3100800542286
o ] v 4
3. eumnistlegaiv 91913
1 d' ld’Q 1 Y
4. wihsnuuazanuioghaade ladzain
a ara 4 a 4 =~
uMAana augInemaasuazimalulag
VHIINGSOT 1A NFTYIaL 0.44009 LmysYFal 67000
[ 4
Tnsann 056-717100, 087-0115315 E-mail: sanit.suw@gmail.com
[ =2
5. UsIamsfnen
M.y, (Wand)
unIneaema lu Taggsuis
ara 4 a 14
fy.u. (Wand-nalaeans)
VNNV ULNY
6. A1IHIMINTANNF UYWAY
4 a d a a9y
waaasenadyiagddon luas
Yy ad a J
Tnseaiwoannseding
o 4 Y
Tagmaasmanaauaz T
adg a v A
ladianninuazaunuilszgsaena
S A 9 @ a o A Av A A 4 [
7. UszaumsalNnNeIToIn UL : Fowa1uIe UNNUW MIweng

J 9

a 4 4 a o d d
miiag gr3309d uazeiind Yiaw. (2s61). mailuihwazanugliihsessaanaseriing
a a9y a 1% a a [ [ 4 g/} d‘
siiaadonlmas. n13UszguINNITTLAUTA VAN YNYTYTDL ATIN 5
152917 2561 “OIVBLAZUIANTTUINONAUINOIDU”, 8 - 9 TUIAY 2561.
a 4 4 d‘ ) Y d A Jd a Ay
Miiad g2133wNd. (2559). marldeumlasmailWihve uvaduaseindviiaddonlmeas
Y U U = A Y] % Ly} a
TaglFmsanavestamiledandimaldmsmenas. msdszyguarugiiuniiannms

1 ' ¥
ITAVYIN ﬁ’m “fﬂi'JﬂfJLﬁ’f)ﬂﬁW@ll!Tf)fJNngu” AN 4,26 TNHIAN 2559.



42

milad grssansd, gwnd Madl, o1iad Fidw, Twysd iwdua WY ANG AR, (2559).
manldeunlasmsinliihve wwadumsiinduiindfeosuaaneldnsnionas.
M3UIzyuININITILAVIA UMIINB1deI1I¥AqUATLgU adaft 8,31 3.A.— 113.9.
2559.

Sanit Suwanwong and Artit Hutem. (2018). Structural and Dielectric Properties of Zn,TiO,
Ceramic from Sol-Gel Method. URU International Conference on Science and
Technology 2018, 2 — 3 August, 2016.

Jaiban, P., Suwanwong, S., Namsar, O., and Watcharapasorn, A. (2015). Simultaneous tuning of
the dielectric property and photo- induced conductivity in ferroelectric
Ba,,Ca,;TiO, via La doping, Materials Letters, 147, 29 — 33.

Suwanwong, S., Eknapakul, T., Rattanachai, Y., Masingboon, C., Rattanasuporn, S.,
Phatthanakun, R., Nakajima, H., King, P.D.C., Hodak, S.K. and Meewasana, W. (2015).
The dynamics of ultraviolet-induced oxygen vacancy at the surface of insulating
SrTiO, (001). Applied Surface Science, 355,210 — 212.

Suwanwong, S., Kullapapinyokul, J., Eknapakul, T., Buaphet, P., Phatthanakun, R. and
Meewasana, W. (2015). Resistivity change in SrTiO; upon irradiation and its
application in light sensing. Suranaree Journal of Science and Technology, 22(1),
93 —98.

Masingboon, C., Eknapakul, T., Suwanwong, S., Buaphet, P., Nakajima, H., Mo, S.-K.,
Thongbai, P., King, P.D.C., Maensili, S. and Meewasana, W. (2013). Anomalous
change in dielectric constant of CaCu,Ti,O,, under violet-to-ultraviolet irradiation,

Applied Physics Letters, 102, 202903.



43

wAa Y1 I =X
ﬂimmg‘sm AIINIFIVE
A a Yl
1. ¥o-uwana A3. 019108 A
Dr. Artit Hutem
2. ve@vlaslseeilsenwn 3620400302046
o 1 [} 4
3. dunistlgaiv 919159
1 d' ld’Q 1 9
4. wihsnuuazanuioghaaae ladzain
a aja 4 a 4 =
MM ANT anzInemansuazmna lulay
wﬁwmﬁmwﬁgmmmﬂ 0.11/04 ﬂ.gwwiyiai 67000
@ 4
Tnsann 056-717100, E-mail: magoohootem@yahoo.com
) =
5. Uszaamsanyn
ara A
5.0, Wana)
PN EATAANT
ara o
M.y, Wand)
PHIINGIQUUISFIT
ara o,
M. (Wana)
VHIINGIQUUISFIT
6. NUIFININTANNT UYWAY
4 %
NAFEATAIDUAY
o a o
mos Tu'lauind
S A 9 @ a o A Av A A 4 [
7. UszaumsalNneIVBINUIUINY : FONAIUIVY UNNUW NMITINILNT
Artit Hutem and Chanun Sricheewin (TPTP Naresuan U.). 2008. Ground-state energy

eigenvalue calculation of the quantum mechanical well V (x) = (1/2)kx2 + ax’ via.

EUROPEAN JOURNAL OF PHYSICS.

Artit Hutem. 2009. Ground-state Energy eigenvalue Calculation of Potential Well V (x) =
(1/2)kx2 + A,x6. Published in The 2™ Science Research Conference 9-10 March 2009.
Artit Hutem. 2011. Comment on failure of excited-state analytical transfer matrix method

for the potential V(x) = % kx"{2}+A,x’\{4}. Journal Computational Mathematics and

Mathematical Physics.



44

Artit Hutem and Sutee Boonchui. 2012. Numerical evaluation of second and third virial
coefficients of some inert gases via classical cluster expansion. Journal of
Mathematical Chemistry.

Artit Hutem and Sutee Boonchui. 2012. Excited-State Energy Eigenvalue and Wave-Function
Evaluation of the Gaussian Symmetric Double-Well Potential Problem via
Numerical Shooting Method 1. Journal of Mathematical Chemistry.

Artit Hutem and Supoj Kerdmee. 2013. Physics Learning Achievement Study: Projectile,
using Mathematica program of Faculty of Science and Technology Phetchabun
Rajabhat University Students. European J of Physics Education.

Jiravatt Rewrujirek and Artit Hutem and Sutee Boonchui. 2014. Calculation of the tunneling
time using the extended probabilityof the quantum histories approach. Physics
Letters A, 2014, no. 378, pp 985 — 989.

Artit Hutem. 2014. Evaluate correlation function for excited-state of the harmonics oscillator
Sine asymmetric potential via numerical shooting method. Advanced Studies in
Theoretical Physics, Vol. 8: 17, 701 — 710.

Artit Hutem and Surachest lamsamang. 2014. Correlation Function of Gaussian-Sine
Asymmetric Potential by Shooting Method. Advanced Studies in Theoretical Physics,
Vol.8: 19, 825 — 320.

Artit Hutem, Treenuch Ellis and Achira Sujarit. 2014. Determine Impulse Response
Displacement Function of Exponential-Cosine Decaying Forcing Function from
Green's Function Technique. Advanced Studies in Theoretical Physics, Vol.8: 24, 1089
—1094.

Piyarut Moonsri and Artit Hutem. 2014. Evaluation of Density Matrix and Helmholtz Free
Energy for Harmonic Oscillator Asymmetric Potential via Feynmans Approach.
Advances in Physical Chemistry, 912054, 9.

Artit Hutem and Piyarut Moonsri. 2015. Evaluated Excited-State Time-Independent
Correlation Function and Eigenfunction of the Harmonics Oscillator Cosine
Asymmetric Potential via Numerical Shooting Method. Physics Research

International, 609495, 10.



45
sz 3AR3mIn3am3IdY

1. Fo-uwena A3. R@AA U
Dr. Chalad Yuenyao

Weavinslszaelse sy 3420900363151

W

o ] 9 4
. auruaifagiiv 91913
1 d' ld‘Q 1 9
4, ‘Vi‘L!’JENTL!L!,EWﬁﬂTH%@Q%@ﬂ@@qﬂﬁgﬂ’Jﬂ
a ara 4 a 4 =
danrand auzInendaitazima lulag
WHIINOIAYT AN 50] 03009 2UNYTY50] 67000
o 4
INSANN 056-717100, E-mail: chalady 2012@hotmail.com
[ =
5. sziansanm
ara 4
5.0, Wana)
a @ a Jd a 1
UN1INYIAYAIVATUATUNT ('J‘VIEHLGUGIWWﬂWiUu)
ara J
.. Wand)
a o a Jd a 1
UN1INYIAYAIVATUATUNT (’J‘VIEHLGUGIWWWG]M@UU)
ara J
.. (and)
a QJ = 1
111’?1’31/181%18!,6158\‘1611’111
6. NUIFININTANNT UYWAY
a 4
LU TUNDALNDT
@ ) a J Y
ﬂTﬁ']Jﬁ‘]J'IJ'g'\'iﬁﬁJUﬁW’JW@ﬁLN@i@’JﬂWﬁWﬁNW
Ja A Jdou A Y
ﬂﬁ'].lﬁﬂgﬂﬂl!’)tﬂﬁﬂiiﬂﬁiﬂﬂ']L!ﬂ']ﬁ!,ﬂ‘]el@]ﬁ
S A 9 @ a o A Av A A 4 [
7. UszaumsaiNneIVeInVNUITY . FONANUIVY UNWUW MTINALNG
C. Kaew-on, T. Chittrakarn, S. Ruangdit, Y. Tirawanichakul and C. Yuenyao. Inpress.
Modification of asymmetric polysulfone membrane surface using mixed Ar/O, plasma
technique. Walailak Journal of Science and Technology. 16(6). 423-431.
T.Chittrakarn, Y.Tirawanichkul, S.Sirijarukul and C.Yuenyao. 2016. Plasma induced graft
polymerization of hydrophilic monomers on polysulfone gas separation membrane

surfaces. Surface and Coatings Technology. 296. 157-163.



46

C.Yuenyao, T.Chittrakarn, Y.Tirawanichakul and S.Sirijjarukul. 2016. Surface modification of
asymmetric polysulfone/polyethylene glycol membranes by DC Ar-glow discharge
plasma. International Journal of Polymer Science. 1D4759150.

http://dx.doi.org/10.1155/2016/4759150.

C.Yuenyao, Y.Tirawanichakul and T.Chittrakarn. 2015. Asymmetric polysulfone gas separation
membranes treated by low pressure DC glow discharge plasmas. Journal of Applied

Polymer Science. 132(24). http://doi.org/10.1002/app.42116.

S. Ruangdit, T. Chittrakarn, S. Anuchit, Y. Tirawanichakul and C. Yuenyao. 2017. Surface
modification of PSF/TiO, membranes using silane coupling agents and DC plasma
technique. Malaysian Journal of Analytical Sciences. 21(2). 372-380.

C. Yuenyao, T. Chittrakarn, Y. Tirawanichakul and H. Nakajima. 2017. Low pressure DC-plasma
system for the modification of polymeric membrane surfaces. SainsMalaysiana. 46(5).
783-793.

C. Yuenyao, S. Ruangdit and T. Chittrakarn. 2017. Tuning of preparational factors affecting the
morphological structure and gas separation property of asymmetric polysulfone
membranes. Journal of Physics: Conference Series. 901. ID 012165. Doi:10.1088/1742-
6596/901/1/012165.

P. Tekasakul, A. Kumar, C. Yuenyao, P. Kirirat and G. Prateepchaikul. 2017. Assesment of
sensible heat storage and fuel utilization efficiency enhancement in rubber sheet drying.
Journal of Energy Storage. 10. 67-74.

C. Yuenyao, T. Chittrakarn, Y. Tirawanichkul, P. Sacung and W. Taweepreda, “The Effects of
Argon and Oxygen Plasma on the Surface Morphology of Polysulfone Membrane”,

2012; Thai Journal of Physics, Series 8, pp.41-44.


http://dx.doi.org/10.1155/2016/4759150
http://doi.org/10.1002/app.42116

47
sz 3AR3mIn3am3IdY

1. ¥o-umana 503an319158 a3 VoSl yad
Associate Professor Dr. Piyarut Moonsri
2. nngavinglszianlszanyy 3501300387530
3. dwmiafagiiu TO9MANTINGE
4. wisnunazanuiiegidade ldazain
M uail auzinnmansuazmalulad
WHIINOIAYT AN 50] 03009 2UNYTY50] 67000
NI 056-717100 @D 8200, E-mail: piyarutto@hotmail.com
5. Usgiamsanmn
M.a. (19¥)
unIneaores vy e, 2551
M. (19T)
UMINeIaoTe 1wy W, 2543
M. (1IANATINNTTN)
UINAIFB 11U WA 2540
6. aIMIRTANNT T
Biomaterial Synthesis & Applications, Theoretical in Physical Chemistry, Science &
Technology of Fuel, Colloid Chemistry and Environment.
7. Uszaunsaliifnertestuandse : Fenaasive IR mamenns
Moonsri, P., Hutem, A., and Suwanwong, S. (2020). Development of Groundwater Treatment
Equipment Sets for Consumption to Tackle Drought of Community. The I" National
Conference on Smart Community Development in the Asia Pacific (nSCAP2020) Febrary
20-21, 2020 at Asian Development College for Community Economy and Technology
Chiang Mai Rajabhat University, Thailand :109-117.
Moonsi, P. and Hutem, A. (2019). Evaluation of Specific Heat Capacity and Entropy of Particle
Bound Harmonics Oscillator Cosine Asymmetric Potential by Partition Function. Applied

Mechanics and Materials, Vol.886 : 194-200.



48

Apiratigosol, M., Jeeradit, K., Keawpeai, P., Hutem, S., Hutem, A., Suwanwong, S., and Moonsi,
P. (2019). Determine the Specific Heat Capacity, the Entropy, and the Standard
Deviation of Particle Vibration Bound-State under the Anharmonic Oscillator
Asymmetric Potential by Partition Function Method. Applied Mechanics and Materials,
Vol.886 : 206-212.

Moonsri, P., and Hutem, A. (2018). Biomass-briquettes fuel from local wisdom for producer gas
production. Kasem Bundit Engineering Journal. 2018 (8) special issue, 286-295.
Moonsri, P. 2017. Preparation of Micro-Porous Fibroin Membrane by Emulsion Method. SNRU

Journal of Science and Technology. Vol. 9(3) : 552-559.

Panpraneecharoen, S., Moonsri, P. & Wantang. (2017). Production of Biodiesel from Used
Vegetable Oil by Using Calcium Oxide Catalyst. The 2"IEEE International Conference
on Science and Technology 7-8 December 2017 Faculty of Science and Technology
Rajamangala University of Technology Thanyaburi Bangkok (169-172).

Moonsri, P., Pongpian, W., & Moonsri, P. (2016). Production of Activated Carbon from Moldy

Damaged Tamarind-Pod. Applied Mechanics and Materials, Vol.855 : 137-142.



