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Abstract — Chemically functionalized plant oils, namely maleinized acrylated epoxidized soybean oil(MAESO), were
used as a new bio based binders for photoelectrodes of dye-sensitized solar cells. The photocatalysts were characterized
by field emission scanning electron microscope(FE-SEM), energy dispersive X-ray spectrometer(EDS), X-ray diffrac-
tion(XRD), X-ray photoelectron spectroscopy(XPS) and nitrogen adsorption analyses. The surface area and number of
appropriate pores were increased in the TiO, particles prepared using the plant oil binders in comparison with the P-25
photocatalyst, due to the larger number of functionalities. The functional groups of OH on the surface of the TiO, par-

ticles increased from 9.9% to 16.62%.
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2-1. AESO(Acrylated epoxidized soybean oil)

212 2 (Plant oil)y triglyceride v A7} 5 o]F31 gl
w, triglycerides= 18 Al & (glycerol) 4 &rell 3712] A-ik(fatty
acides)®] A= o] 31 °™ | Triglyceride Wholl 370S] AR 0014 3
Q) o]FAEE o] F ], 120114 229] §FAAKE(carbon in length)
o] Q= FEE 7HA I QItH3]. AESO+i= A¥XA| =3} 8t triglyceride
of] o} -4 WF-S-(reaction of acrylic acidyS A2 2A C=CS}
A7 (hydroxyl)9} 2-- 31812 715715 &0 Alxdrt. & A3
AHE-El AESO= Aldrich chemical Co.ollA 54 ARE-8}1 3L Table
1o AESO®] =e]3tets] 52448 vEhigit

2-2. MAESO(Maleinized acrylated epoxidized soybean oil)

MAESO= AESO°l 7F2527] 1555 #1l 24 755 7
11 81w MAESOE &/4317] $18F] AESO 50 g, hydroquinone
0.05 g, maleic anhydride 8.17 g, benzyldimethylamine(BDMA) 1 g 5-2]
Aleo] s Q3ltt. MAESOS] AlZH2(4,5] 41 50 g°] AESOE
4go] 7hs7t 100 mL Mol Fek 5 whg- AA|e] e sk
hydroquinone(Quinol benzene-1,4-diol, C4H,(OH),, 99%, AldrichyE
0.05 g @l &3k 5, 70 °C 71| 7F4 gt o] Whgo] ¥ §-, AESO
of| 7} BA7) 5 Fojal= Aokl WAt F=5-(Maleic anhydride,
C4H,03, 99%, Aldrich) 8.17 g& 9> F 255 80 °C7HA] & Al
7IHA EFRESAIZICE o] Bpgela o] il delat FEo] &
=7 wxdo] Hv, 48] galld wizbA] Whe-s FAAIAHoF §
o Zelit o] e8] Gelwslttal ddE oA g3k &
Z13K= BDMA(N,N-dimethyl-benzyl amine, C4H;CH,N(CH;),, 99%,
Aldrich) =7 1 g& 9aL AsEE7|7b4] oF 2~6 AIRE &4 53] 1t
SAIZ F BE NS TRk Al Fig. 16 YERSIT

2-3. MAESOS 0|8% &5 HI=
) 2] OIS S7I717] flstel A afEE Alx

Table 1. Physicochemical properties of the AESO

Characteristics
- Molecular Weight: 1186~1200 g/mol
Acrylate - Contains : 8,500 ppm monomethyl
111(5‘3 ether hydroquinone as inhibitor
o) By L - Density : 1.04 g/mL at 25 °C (lit)
§ ¢ _ .+ Flash Point(C) : 113 °C
P'H,' f@ o5+ Color: Yellow to Amber
¥ - Form : Viscous Liquid
OJ] * Viscosity : 15,000~30,000 cps at 25
degrees celsius

Molecular Structure
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50g of AESO

0.05g of Hydroquinone

H04®—Qn
Stirred and heated to 70°C

[Added Maleic anhydride (8.17g) Oﬁéo ]

Heated to 80°C

[ Reaction mixture ]

(Careful => Maleic anhydride be dissolved)

v

Added BDMA (1.0g)

Stopped after 2~6 hr
before gelation occurred

¥ FZle]l MAESOE E35to] RESAIZ] § A/d8ho =] B
ARLe] el 715715 st o ® FAAIATE A8 R Az
H 5 (M-550)9] Az AT = TTiP(Titanium(IV) isopropoxide,
Ti[OCH(CH;),,, 98%, Junsei chemical, Japan)E AR&-31313L, A7
Sl Al 2 Acetylacetone(2,4-Pentanedione, CH;COCH,COCHS;, 98.5%,
Junsei chemical, Japan)E ARE-8I3iTE 5l Q] A329 A71E
Zd37] flste] FAdAHE/d P123(PEG composition 30 wt%,
Sigma-Aldrich, Germany)2 -5 -5 A|(Structure directing agent)
2 ARGl o], AR SR EE SRTE ARSSISIT
)3 FE50] QA A Al organic-organic®] & 28-S 245}
7] 918t pH 24 AJeko 2 SRk Sulfuric acid, 95%, DC chemical,
Koreays AMSSIGITE A3 = AlxH FFvle] oH71e] F-
2k W2 Fig, 20 $53130tE. MAESO A= #3o] Rbgx
o Y oF 2417 H & wRkste] Fut. o] o] i A 47
BE AxR FE50E °F 10 g ¥, 357 YA MAESO
Nof] 2+ At = Qs FEARES 10827 st o7]ol thA

S 100 mLE 2S ¥, shaking incubatorell A 24417}, 150 rpm

Acethylacetone (30 mL) + MAESO (0.5g, 1.0g, 2.0g) ]l:> Stirring ( 2hr)

Added M-550 photocatalyst powder (10g) ]l:> Rapid stirring ( 10 min)

[ Added distilled water (100mL) ]I:> Shaking incubator ( 24hr, 150rpm)

Centrifugation (10min, 3000rpm)]

Drying (12hr, 80°C)

[ Calcination (30min, 4007C) ]

[ Complete modification of photocatalyst ]

Fig. 2. Adhesion method of MAESO onto TiO,.



A7kS EFAAE )3+ Maleinized Acrylated Epoxidized Soybean OitE o)gslo] A|xg F=ujjo] EAJo] 5t AT 383

07 E3AA Frf Egto] kR EW pdEE S 2510 3,000 rpm,
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718M

MAESOE ©]8-5t] A4 72 Al%3k F=v) ke OH 7]
715 FAAZLE we] 5 2|9 Eelsletr] 5409 wsks o
o}R7] $3Fod Cold FE-SEM(Field Emission Scanning Electron
Microscope, Model S-4700, Hitachi, Japan), EDS(Energy dispersive
X-ray spectroscopy, Model EX-200, Horiba, Japan), High resolution
XRD(X-ray diffraction, Model D/MAX Ultima III, Rigaku, Japan),
BET(Brunauer-Emmett-Teller, Quantachrome Co. Autosorb 102019-PC,
USA), XPS(X-ray photoelectron spectroscopy, Model MultiLab 2000,
SSK, USA) 728]3L FT-IR(Furier Transform Infrared Spectroscopy,
Model IR Prestige-21, Shimazu, Japan) 298 $-3s}3ict. #Alz=E
FE5ue] 3714 ERE fletel MAESOS] 71kl wet et
of #7183l om, 11 e 71 MAESOS WA 962 35vll=
M-550, MAESO 0.5 g& 7Fsto] 218 M-550 7143} 3=il=
MCAM-0.5%, MAESO 1.0 g2 7}t FFvE MCAM-1.0,
MAESO 2.0 g 73t FZvlls MCAM-2.02.2 22 %7181t}

0
k1

3. 24t ¥ oE
3-1. MAESOE 0[83510{ M=t Z=0l2| UK} S4EM
Fig. 35 MAESOZ ©|g3}0] Alzg 3553} M-550 3512
FE-SEM ©|W|A|E KHoiZE1 Qlt), SEM OJu|A] & W & 4= Q1%
o] M-550 FZulel MCAM-0.5 FEuhe n]5edt H7)9f Aoz
MAESOE 0.5 g 37Fetols o F5m<] Fejshs] wishk= vl
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MCAM-1.0

Fig. 3. FE-SEM images of manufactured photocatalysts.
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Table 2. Results of BET analysis

M-550 MCAM-0.5 MCAM-1.0 MCAM-2.0
BET Surface Area (m%/g) 111.1 115.4 111.8 110.1
Total Pore Volume (cm®/g)  0.159 0.203 0.199 0.160
Average Pore Diameter (nm) 5.727 7.134 7.019 5.826

59 P YAA7]E MCAM-0.5 FEm]7} 2k 259 nm,
MCAM-1.02 ©F 24.4 nm, MCAM-2.0°] ¢} 252 nm% LFEPES.
FA] M-550 351l 24 nm =719} Bl wEtlE W) YAke] 27]wis)
= A9 dojuix] ek Auls Witk FEue] A ] Wals
olr7] $l3to] BET w4 AAISH3 oH, BET #4147 M-550
FZuel] v]3ll MAESO7F 374 g5l EollA] 34 (surface
area), M| &-5-3 (pore volume) H A5-=L7] (pore diameter)= 7|v|5}
A S7¥hs 3 RISt MAESOS] 7ol & s oF
3> MAESO 0.5 g& 37}t FFnfel| ] I 4o] oF 1154 mYg
o7 7P S Sl o]F MAESO H71S S/ FE W
FEn) o] EHAL FhAehs A Boit) o]gfg Ao A1
MAESO2] o] 57185 F5m) QiAlzo] U3t 7%= W3t
Hol A RS 7 s Z0RA SEM 4 Al 4
e & vk A5l dAke] 3194 8L pore volume 5 A

YR= Table 20 =33t}

3-2. MAESOE 0|85101 MIZ=8t Z=nle| AF7x I Mt 54

Azd FEE] AT HIE dolwy] 9)ete] =3
XRD 4 Z¥E Fig. 40 YERAITE XRD #4947 2E 3=
wjollA] Anatase®} Rutile 7-322] % H]:= oF 95:59] W& =E H]S=%H
e 1l om, EA) peak BE3F 2 S YERA S A MAESO
= Ak e 5o A4 sl dS vRIA] =
A0 eI Fig. 5v 21712 5052 EDS A4 A 7S B
ojZ1 QIt}. EDS ¥4437} M-550 #=1$} MCAM 3=1E5-2]
dolgt AL 2H(S)y¥49 peak point®] FE)7} THEA Ve 7
Qlell, M-550 33519] 73§ 2k 2.3 keVollA] A BRI, 2.5 keV
oA Al YR ] o= FElE 7HA= widell MAESOZF 371+
o] A|ZH MCAM FFl|ollA = 233 2.5 keVellA B3 peak?
FolE 7 A o& v F5m) Q1AF U] 3 wi% (weight
percent) W3} F=013= M-550 FZ12] 7-5- oF 249 wi%zE 7P =
e B3, U202 MCAM-1.0 3E1 2F 1.69 wt%, MCAM-

A @ Anatase
R : Rutile
1 A R
— A A am R OA A
. MCAM-2.0
o
e’ A.—..M..J\.—.M_.‘
E‘ 1 = MCAM-1.0
m =41,
c
2 \.‘—.——-—LLM_AM‘
c i
- MCAM-0.5
1 A, N R
M-550
0 20 40 60 80

2theta (deg.)
Fig. 4. XRD patterns of manufactured photocatalysts.
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Fig. 5. EDS peaks of manufactured photocatalysts.
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Fig. 6. XPS survey spectra of manufactured photocatalysts.

0.5 F=moll A 2k 1.56 wt%, MCAM-2.02 ©F 1.47 wit% 0%
YeRitt, o33t Fee M-550 33=mljo]l B]sll MAESO7} &3¢
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Table 3. Results of XPS analysis

5t Maleinized Acrylated Epoxidized Soybean OilE ©]43)o] Az F5ulo] B sk o+
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Ti (eV)

Sampl O 1s(eV S2p (eV
ample e 3 s(eV) p(eV)
M550 Binding energy 465 459 530 169
FWHM 2.43 1.55 2.72 2.57
Binding energy 464 458 530 167
MCAM-0.5
FWHM 2.43 1.68 1.97 3.84
Binding energy 465 459 529 169
MCAM-1.0
FWHM 2.31 1.38 1.52 2.76
Binding energy 465 459 530 169
MCAM-2.0
FWHM 2.36 1.40 1.46 2.66
*FWHM: full width at half maximum
MAESO02] F7Fgo] 7 ers sk 43S Biivh 12y o] £A v|=152] AgAX= Tizp, y, Ti2psy,, Ols, S2p 1A

“c”ﬁ} “0e] wtv%= MAESO2] 37Fgo] S7har= S7kshe 4

b R SLAL, B=5vl iAhule] whane) Abae] S7hs 35 <
XMH 71571 & O-HSk C-07t 57k &= Qe e5el = 4 9
.

3-3. MAESO &7[2F 2700l 2 =0 5ol 7157| waisy

MAESOE ©|83te] FZnl el 75717} 24 P2l
AgoUAE dolrr] $5te] 433k XPS A A¥+= Fig. 62
Table 3¢ FF3sAtt. TH A HFZ0] M-550 F=ufof
MAESO%E o|§-3}o] 7155715 Fofsteietie 71 A 9]43= Ti2p, , 7t
Ti2ps;,, O1s9} Cls 12131 S2p 5-9] S7HA = MAESO2] &kl ¢
A9 93 = WskA s & Sdoh BES M-550 35l
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Fig. 7. XPS detailed scan of manufactured photocatalysts (Ols).

Counts

Counts

Z}Z} 464.6 eV, 459.0 eV, 529.5 eV, 169.0 eVE YERFEI, MCAM
FEuol A& Ti2p,,, Ti2ps,, Ols, S2p7t ZH2} 464.0~464.7 eV,
458.3~459.1 eV, 529.2~529.6 eV, 167.1~169.4 eVZ LJEPZO A
7} 3]=10] &k AEte == MAESO2] AR of Fofl A#glo] 7
o] W3t} Q1= A0 7 UERdTH MAESOZ 371819 71%571(OH)
o] HAeke] S4HE dokn ] gte] O1sE MUsHA E5rate] &
AIE Fig. 78} Table 4¢ YERAS O M, H=ntel o] M-550 &
FullellXE O1s 5 02‘7} °F 394%% 2HA| TS & 5= 9o, OHE
ok 9.9%= x3ksla 9l AL & 5 Ut MCAM-0.5 F=ufjol|A]
= 079 OHZ} 22t 45.11%, 12.41%2) H]&= E3Eo] 9le-s
o} &= Q1) o] 3 X M-550 FEmjo]l Bls] 0= °F 5.7%
OHE 9F 2.5% 4% S7He 202 MAESO2] A&l 23 71571
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Table 4. Results of XPS analysis(Ol1s)
O Is(eV)
bulk 0> 0% OH OH %
Binding energy 530.5 532.0
M-550 394 9.9
FWHM 1.55 1.48
Binding energy 529.8 531.6
-0. 45.11 12.41
MCAM-0.5 FWHM 1.97 1.74
Binding energy 530.5 532.0
M-1.0 39.0 12.41
MCA FWHM 1.52 1.54
Binding energy 530.5 532.0
MCAM-2.0 36.4 16.62
FWHM 1.46 1.60
*FWHM : full width at half maximum
O-H Bond< /" (1) 47 Fefeha Wsh= 79o% v PgEE ®aly
W MAESOS] o] S7F855 45vle] JAHEe xuet 725 7}
8 | N-719 + MCAM-2.0 A= Fde b 1/?}]\-9—1/}— dzrel A71= 25‘ nm il= Fejgtao]
s o QIR BEhe) Beld Sagel AERE & 4 gt
2 N-719 + MCAM-1.0 (2) MAESO?] 7}l whe} whe A @ ol 2] wi%erh 74
< _ _ _ N
N-719 + MCAM-0.5 ste 495 By WA nu|st A FAE HY o724
MAESO¢] 44 %)% Ago] Be 7 0% Algdct.
N-719 + M-550 B} ,
S (3) AAk] AT MAESOS) 71 mhe} B 17je] 2
1000 1500 2000 2500 3000 3500 4000

Wavenumbers, cm™1

Fig. 8. FT-IR spectra N-719 dye adsorbed on TiO, particles.

7} BZvlel] FolEs & 4 vk MAESO?] 7ol W 75
7] Folgd o) AES MAESOS] A7k T71ers 07 Pa
sk, OH: S7Fehs e veholar, vlad 50 5 0*7F
7 =2 FF= MCAM-0.5Z OHY| 71 & FF=
MCAM-2.02.% Z}7} Lt} XPS #2415 538 MAESOS o]&
stof G5 mell AJEARA 7157] Fole ERIEgeH, o)z st
7157 A2+ A% FElE Lolrr] $ste] AAJEE FLIR £44
= Fig. 801l 230tk M-550 =12k MCAM-0.55-E 2.07k4 9]
wavenumbers= THEZ 0 & ©F 3412 ecm'9llA O-H bond= & &
glor 1,715 em ™ol C=0 bond, 1,379 cm™'°|’4 C-O bond 7]
HERASITE 1714 O-HE OHE &Jm13h, C-0%}F C=0 bond= 7+
2EA7|Z2 AE 4 Qlth. MAESO2] FE o] tsh Jakye
MAESO02] 3715 Z71ol u}e} Table 42] XPS A9l o] OHY%
7} 57Y8kal FT-IRS 245 &3 O-H, C-08} C=0¢] absorbance
7V F7kEE ARE dgloH, A5 29l s FAEE 14%
oA 19%=Z T7F o 2A 1 JFEL BTt olgfst AHE A
gato] B A9 Falo] TUkste] o] B Axte] A3 A
e A7e] EEE A83] FomA AR HEFEAL] Ise
(Short circuit current density) 57+ o33l & o+ a1, wbA
MAESOE ©]&-3lo] Azt F5vil= 578 el A] ol 28 7}t
e & T USITh
.4 B

M-550 F=1l 2} o]of]l MAESOS #7}5ke] AlZ3t 50 ES 7|

71E4E BetolEe slet] 5A4S Ajste] & Ak= o) At
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A7z, 27), ARl Sl vl Gaeo] unlg Zow et
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