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Abstract : A novel TiO»-Coconut Shell Powder Composite (TCSPS), prepared by the controlled sol-gel method with subsequent
heat treatment, was evaluated as an innovative photocatalytic absorbent for the removal of methylene blue. Optimal preparation
conditions of TCSPC were obtained by a response surface methodology and a central composite design model. As compared with
the results obtained from one-factor-at-a-time experiments, the values were approximated to the nearest condition of these values
and the following experimental parameters were set as the optimum : 600°C calcination temperature and 20 g of coconut shell powder
loading amount.
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1. Introduction 94 F71A g FA0l AHESH o= R 7HA] ol B 7W
I Utk AR TiO o @2 H|EHAL Ao 4

AAE] 2717} 1~100 nm H 9] UleEdS 0|83k 4] 71 d=dol gk B2 F2gE Kol EW‘H, T
2] 7]so] T 5o] A IHsf ften, 53] o]4katE et o] TiO, &5 Al TAAA FHolA WAy FA=
H(TO)He &S vt FFu =2 o] &3 7la2 f7]& Apeksto] AA AR FEu) 4Abeke & FAaAXIoh EE, A
HEofiu v EEoA] =2 &S Hol & 58 ¥ gl | U=adS QAR fs 2" 22 23S
th TiOy & o]-§3 FEul w52 F3ketat Euf AA NS = WFEA] AFof 8= ©hals 7HAaL Qloh o] =gt 7] 9
oz FHu] FHo] MEY(band gab) ol A eF AL E SHES FEs] 8l HZo= S48, Ae7h JEA
= 2 oY AyAE /‘}0}“4 HAHe)LF F3(h")o] |t 4, 291 g3d 245 22 2 vEudE
Ao, Abstol 2, 4ol 2, &, 1Al Li%ﬂ vh-g-5t theFet A AAE TiO9F FAddhe ohFe A7t Ja =9l
of Atstg o] 943t O}Olci*] 2t ZH(OH) % 73 SA} o7 O % gAEke 74T A4k §Y1edEAS Ae
o|E O] 0)& s, 59 AUl dEdE A st7] 8 de] ARSE AL glow, =2 38k MY Tt
o7 BE 5 Aoz HuEm gtk E8] Tioy: A2 ek PSS Ti0, 9] AAA 2 AHEE HS FE
HrEFA 082 Ago] 7Hash, AA|Aoln, Zejsfeta o o whgof ofsf HafjE f7|edEHolA BAEAEH T
2 obgE AAe ZpA I Yok mabd ATl 7)Ao ¢ B S(intermediates)S FASIEE AR 2 @EAS ¢
NogBas Melsy] et ABAA FeAgE el A 8 Held 4 gl PHo] k. YNHOR TI0S BHT
51 grk? SHANE TiO, e iwhe A og 423 of 3 = 1S A7|= 2 TRy S s
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2. Materials and Methods

2.1. Preparation of TCSPC
2 iilﬂ A7 Ee 0.2~0.4 mm2]
wg@oﬂ o) AZH Tio.2}
3} A8t TCSPC2] AJA
HFH O 18-} ZE" t}. NHO3 (68~70% Sigma-Aldrich) 16 mL
of SF5 250 mLE H7IRE &, o] o titanium (IV) iso-
propoxide (TTIP, 97%, Sigma-Aldrich) 60 mL<%} isopropyl
alcohol (99.8%, Sigma-Aldrich) 6 mL-& &3A|Fch 183
g golo] 242 B 910, 20, 30 »)©] LAY A
FSIeh AY EREelH SUES B &
AAAST TiO7h BAv Ad Byt s BekE]
27](Vacuum rotatory evaporator, ES600;
td) &71 F, 60CoflA 2 h 5 g =SAIX]
o} Zﬂiﬂ =dES g5 T, SRT(10 wi%)ef HIHE
(10 wt%)E FY3lo] HEEsE &, semi-AMPL (ES1000; Wooil
Co. Ltd.)= o]-&sto] 7% Feje] TCSPCE Al =3}t Xﬂ
Z% % TCSPCE AAA| WA=
71 f13l 50T o] e 2oA 1h ¢k A=zt Az
& TCSPCE 400~800TC o] A2 =E5
JAA HFAHOR 2~5 mm 279 79
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2.2. Adsorption and photocatalytic reaction experi-
ments
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2.3. Analysis

AZF TCSPCS] EHEHS HA5] 98] Al
(SEM; S-570/Hitachi)& Ag-s}o] EA519G 01 TCSPC 7|
Fo) o)z, 87 T3 MEHAT 2 AT P2 24
2 93l A= Brunauer-Emmett-Teller (BET, Quantachrome
NOVA2200e)5-4] HpH2 ALg-519(th TCSPCO] &2}, %
o Abske S BrEshr] ffs) AR HIE EEF(MB)= UV/
Vis spectrophoto-meter (Shimadzu 1650PC)E Al8-3}o] 2|t
B2 o9l 665 nmoj A A E SHEO} HeEA AL o
835l L2 =439

2.4. Response Surface Method (RSM) with Central Com-
posite Design (CCD)

324 A 2NE 7|22 W RHEAY
face Method)& ©]-8-5}0] 2[& 9] TCSPC A|x =7 £4&
AN BIF o, As A E-L F41%H4d Al E(Central Composite
Design)< 21833t 2 Aol A ARERE =34 (inde-
A=)t 23R AE 2T FAF

Z <5 4>(dependent factors)

249 AR A

(Response Sur-

pendent factors)+= A~
(x2)°]H, MB &7 5= (V)&
2 27+ AAskec) & o] TCSPC A%
5 A (surface analysis)¥} 54154l (contour analysis)S ZF
Yokl merston] 7t el AQUIE 7 2UYE 5
sfel 2 Qe mAE Wt 1 W9lE Agstgon, o
o3 2o o Hou,

Y:b0+2b Ebu$12+2b1] i ] (1)
A7IA Y TH¥g0l, b A, be 12 AFA S

F A4, by interaction, 18| x;2} x= =
ZA¥}= Minitab software 16
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3. Results and Discussion

3.1. Effect of calcination temperature

w2 HlEEAS FE5u 24 5ol 4% TCSPCE
Az3t7] 213l 400~800C o] theFgh Lo A A& 313l
ok 2 =AY 43S Tl 22U HE el
M B2 FY IO 240 AAFHER b 7]
= 7HA 4 QM ESF &AW o FAE vAd A
H O] TiOr= ot EHA] B9 24P o= Agto] 71538}
t}.'>"? Fig. 12 20 go] =3 A& Ego] 9% TCSPC
(©]3} TCSPC20)2] SEM imaging &4 A1E A A3 S
n AvtzRE Z47te] 24 Lwo| 2 TCSPCY EWE
& 1T 4= Slrh Fig. 104 Bz i} Zro] TiO7} &
e Z3yl A 2 JRel HlwA] FEsHA FARE QLA
E3 Sete 2 HA FAHE 715S AT o Sk &4

4 =

off ot

#xH7)E % > 7HES
3 4= Stk Table 12 20 g9 #xyl A& U FU%
TCSPC202] BET ®|3#¥ 2 9 7|3 2 848 YepfQlct
Table 104 R vle} Zro] AALm7} 400TC oA 600
C%&7k5tell wel BET H|EH AL 254 mYgo] 4] 398 m’/g

2 Z78la 71544, 715E T3 SR ol T o]
= &5 Al WS B3| (pyrolysis)oll 2 ZIAR
A

fe 2 3l
Ad Bgo] ZHA 1L Y FuASESA AER2OA O
i gadat 22 23859 polymerization WH-g- w2l
Aokl ). e A4 =7 600T o A
800C & Z7}3 woji= BET H|#W2 o] 398 mY/go 4] 311
mYgE sl 7158, 7|38 EI gadch 1 olf
L 24Lm7 600T o4 £713 Al TiO, o] Ute YRS
o] &34 U TIO, Z2AAE0] WE £rg Z7|5to] ule}
TCSPCO| 7|3 @ ulEHH o] 7asls Aoz wetgch

(

Table 1. Characteristics of TCSPC20 with different calcination

TR --4---400°C —®—600°C —-©— 800°C

o o o
EN o o

Relative concentration (C/Co)
o
N

Reaction time (min)

Fig. 2. Effect of calcination temperature on adsorption and pho-
tocatalytic degradation efficiency (initial concentration of
MB=10 mg/L in each test run, TCSPC20 concentration=
100 g/L, pH=7, UVC intensity=10.5 mW/cm?, solution
temperature=18+0.5C).

Fig. 2= 400, 600°C, 800°C ©] AAL =0 o8] A%
TCSPC20S #H8-510] 4:%0] We L L2(MB) A7 58
BT ET

6001C 2] AL oA #|ZE TCSPC209] 2 &go] th
2 44ewolA AZE TONSP2 WU} & A2l Fed
WolZT ik o]fd AT 600T o] A4 LEA A%
| TCSPC209] -2 MR} 22 7] ZAlo] 2o] ot &
o Zay W Pua moo) o Ao wehH

3.2. Effect of coconut shell powder (CSP) loading amount

Ao Ay A BE FYFS 485k el 94F
gk 9Fo] TiO,7F EE golo] 27k o2 o) 2R A4
2 S FY5te 600T 9] Ad2rwoA] 24 sholtt
Table 20| 4] H.i= uje} Zro] 151yl A Eho] ¢Fo] 10 g
ol 20 go.& Z7} S4= BET H]EH AL 303 mY/gol| Al

Table 2. Characterization of TCSPCs with different coconut shell

temperatures powder loading amount
Calcination BET  Porevolume Poresize  Porosity Loading amount (g) BET  Pore volume Pore size Porosity
temperature (C)  (m%/g) (cm?/g) (nm) (%) (name of composite)  (m*/g) (cm?/g) (nm) (%)
400 254 012 23 6427 10 (TCSPC10) 303 0.16 24 65.02
600 398 0.19 21 65.43 20 (TCSPC20) 398 0.19 21 65.43
800 311 0.15 23 63.78 30 (TCSPC30) 345 0.18 23 65.11
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Fig. 3. SEM image of composites (a) TiO. only, (b) TCSPC20 (C) CSP only.

398 mY/g2 =75} guq 30 go2
WAL 345 mYg o8 Fadts AFS
o o] TiOy} £ ﬁ‘i‘ of 23R A s Fd
3h TiOxRke 2 2R g A A 9l| TCSPC EH IS
AR A EU EfEo] L5 e mA TCSPC
o] 7]3E % vlmHAC| Frlstal, U4 < o] T
=W A3y AE B AARES R crosslinking 516 THA]
2USHA SAHAA TCSPCY 7|58 % H]EHZ ] i
%]7] wjEo|ch(Khraisheh 5)."”
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(TiO; only), Z18]al FZFY 7A By A}
3 E32(CSP only) BT} MB A|A &L 9
th 23y 7t B o8] AH w2
o3 4% MB YA}=0] TCSPCO| EHo|Lt
2 3253, Z2kE MB QAHS-S TCSPCO)
TiO,o &J3f F&all Foan A&HHor £ AeasS
7427 =tk Es TCSPC202] MB A7 &-&0] TCSPC10
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Fig. 4. Effect of CSP loading amount on adsorption and pho-

tocatalytic degradation efficiency (initial concentration of

MB=10 mg/L in each test run, TCSPC concentration=

100 g/L, pH=7, UVC intensity=10.5 mW/cm?, solution

temperature=18+0.5C).

3.3. CCD experiments
Table 32 AALE (x)¢F ZAY AA Bk F9lHx)S

=
= T2
EYWSR 3ta MB R E(y)E <4 W4 (dependent

Table 3. Predicted MB remaining concentration obtained by
central composite design

Tempera- CSP"  Experimental Predicted

OF:;’; tyF;e Blocks ture (C) loading (g) RC? of MB® RC of MB
X4 Xo (mg/L) (mg/L)
10 2 600 20 5 55
2 4 2 400 20 137 116
3 1 2 800 20 96 8.2
4 4 2 600 10 228 214
5 -1 2 600 30 127 106
6 0 2 600 20 51 55
7 0 2 600 20 49 55
8 0 1 600 20 5 55
9 1 1 400 10 257 265
10 1 1 800 10 24 1 245
111 1 400 30 1538 17
12 0 1 600 20 49 55
13 1 1 800 30 115 124
14 0 1 600 20 5 55

' CSP (Coconut Shell Powder)
2RC (Remaining Concentration)
9 MB (Methylene Blue)
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Table 3o[4 Hi= ufel Zro], FAlF/ A ot
MB 273 9] oA gk(predicted results)@} 2% A3
13] Zk(experimental results)-> o}~ H|<3t ZF
o, o= & AtollA] AR S A model
rses dSshet AR 48 7Hssitt
A st} S Adret 23y A 2
FUF 1Yl F5HUA MB =) =
2-& 22 oAl modelo] OfsfiA LER o R AL, o] 7] A

e AARE, ne A BT FYFelIH, Y MBS 4R
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Y'=5.5882—1.6667x, —5.4333z, +4.2471x,,
+10.3471z,2, — 0.6750z 7, )

A7) WG EAEo] o8] £ modelo] ANOVA Z7hs
Table 4} 2t} Table 4o Lt 3152 2hzke] aglo]
25700 oA YL FE7tE vl

Table 4. Analysis of variance for remaining concentration ver-
sus calcination temperature and coconut shell powder
loading amount

f;’;‘;gin‘;f DF" SeqSS? AdjSS? AdiMS? F-value” P-value”
Regression 5 750,083 750,083 150017 61.32 0
Linear 2 193793 193793 96.897 3961 0
Square 2 554467 554467 277234 11332 0
Interaction 1 1822 1820 1822 074 0413
Residualeror 8 19571 19571  2.466
Total 13 769,654

"' DF, degree of freedom

Seq SS, sum of squares

)
2
) Adj SS, adjusted sum of squares
)
)
)

3

4 Adj MS, adjusted mean squares

% F-value = MSR/MSE
% The P-value defined as the smallest level of significance leading to

rejection of the null hypothesis

MB Conc. '8
(mg/L)

Calcination temperature (°C)

20
Loading amount (g)

400

600 10

800
Calcination temperature (°C)

® A7e) 2y 4 Q)] det S04 7RE 57w
9] F-value”7} 61.32, Z12]3l P-value”} 0.0000|t}. whefa] &
Sl (response)ol] Q= ] WA= of HFlmelo] o
3 d9Ed'” 283 F-value7} &3, P-value7} 0.005%
o god o] mele EAHOR GoJwr} off Erh!Y B
Aol FARGE HYT 5= s AHAS R 09746
o2 FEHHUPY 9746%E AW 7Hee WS w2 A
AL Hlck E3 APy vAdgge] fForE ofF &
A yvepsth mebd £ 20E Yetls A3 Bk opy
2t HAY aate & mdof| §o5HA 7|ojst= A eR U
bt} Fig. 5= 2442528 A3y 44 o) gt M
AREES JREAT SHZAS Fo ehd Holh,

MB AR5Es 24 em7) 550C~700C oA,
A el Fqlgo] 20 g25 gl M e e
oh & o PAEL HHe) 4L 9 Iy 7
Q =

5}7] €J3l Response optimizationS A&

4

b R

2 e oy
DN i oY

Aol gHEg FoHATh Fig. 6 2|20 MB =S 2t
7] 913t A9 curveE HojFal Qlrh. TCSPCE A 2317
A3t H2 o] 2AL LT 642T, TAH FART 4
i Calcinat Loading
Op%mal I—ggh [6482091‘2042] [2239'2073]
ar . i

0.84689 ow W50 09

Composite / \

Desirability

0.84689

MB Conc.

Targ: 1.0

y =4.6745

d = 0.84689 \ /

Fig. 6. Optimization curve for the preparation conditions of TC-
SPC composite,

T
20 25 30
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Fig. 5. Response surface-3D (a) and contour plot (b) of MB remaining concentration versus calcination temperature and CSP loading

amount,
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go 2 eyttt whgba] Response optimization2-
75?}5—0— one-factor-at-a-time A¢2 E3) 4L 2
Q08 20 g, Fig. 2, )3} B3] & o,
A9 AR ABE G2 W A o 4 Ut 3w o
Foll A BT 2RE HAo] TCSPC Azshd] AL
& 7hssitn wosct

4. Conclusion

£ ATl 59 H7]8e
TiO,9} 3431 & &t
9] TiO7} AE 7AW ZAA B E3HA(TiO,-Coconut
Shell Powder Composite, TCSPC)& A|=3}7] ¢l &4
EQ‘ ii‘j‘l @XI tlu]— Zolgke §].}\]7;] Aﬂ_,] b‘l—/\%xzﬂ_

THOo=
& zARRALE

ruE

1) 242=7F 400Col|A 600C Z7}gtol| whel BET H]
W22 254 m/goll A 398 mY/g® F7EkAL 7] E-8-4, 7]
B FE3l ZUtsl, 1 o] &= AATA A drYSE JEF|

yal

o

(pyrolysis)oll 9] ZAY ZAd Edto] 71X Q= Fn]A
RS AE aear 2ady 22 5459 poly-
merization WM& wj&EQl Aoz wohEch

2) AFY A FLe] ol 10 gollA] 20 go& F7keks:
BET leﬂ?ﬂ% 303 m*/goll A 398 mYgR F7letGL
, 30 gO& =7} Ao BET H|ZHZL 345 m’/go.& 7+
?‘5]-: AsFS YeRy it
3) Response optimizationS AE-5l0] A2 X ZF o FA=
Ae 2422 6427C, Z3Y] A £ FYe] 227 g&
e

4) whebA, & At ARE S|
TCSPC A|zsh=t] A& 7?%8}E}1 et

_l—‘—a

P>£J}m
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