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FE L TiO, T8 Ay EJAE JAAHEL o) &3t G} &, 700°ClAM 2417+ FA st Azt A
e3] EW9) Tio, YA A2duieh 24 whe-] pH, FAAR] NHHCO9 FU&E, wikEE, W2 % % TiCl,
o] A7} d&e Wkth NHHCO,2 FY55E=1.0 m/min, ¥H3&8Ne] pH=6, ZH<EE=1,000 rpm Z

=

L ¥k 2 = =80°C
ol Aersle] ol ¢ 10nme TiO, YA7F #LaA HEHA LY, NHHCO:S FU4%=03 F 0.5 m/min, 3H-3-8
ool pH=2 @ 11, AHEE=300~500rpm 2 #HE-2E=50°C ©13I%] M &3le] FH= BEFU TiO, UAe] HEol &
2590tk NHHCO,8 Y& 59} v w71 27182 TiCLY FE7t 24l wet s g2 4&% anatase’d
ARAL gxgexd wat Z715g.er, 800°CAA rutileE Aot h wHe-2%=9 NHHCO,S FUEE 2 TiCL2
Ew7} 2713t web rule’do]l WA HATE 700°CAA 2417 DBl ste] ¢ 21 nme) anatase’d TiO, ¥AH ZHE 4
ghs] BE3als 125 gem’e] UE, 828%% FE E 69.5Labe] HAEE Yepliglon, F&e| &2 &0 7M.

ABSTRACT

TiO, particles coated on fly ash composites for use in photocatalyst were synthesized by the precipitation dropping method and
heated at 700°C for 2 h. The pH of reaction solution, the addition rate of NH;HCOs, the stirring speed, the reaction temperature and
the concentration of TiCl, had a pronounced effect on the nature of precipitated TiO, particles on the surface of a fly ash and the crystal
structure of precipitated TiO, particles. At an addition rate of NH;HCOs; 1.0 ml/min, the pH of the reaction solution; 6, the stirring
speed; 1,000 rpm and the reaction temperature; 80°C, about 10 nm of TiO, particle size and homogeneous precipitated layer on the
surface of a fly ash was achieved. On the contrary, at an addition rate of NH;HCO;; 0.3, 0.5 mU/min, the pH of the reaction solution;
2 and 11, the stirring speed; 300~ 500 rpm and the reaction temperature; lower than 50°C, inhomogeneous precipitated layer was
developed on a fly ash. TiO, particles with anatase phase was formed as-dried precipitation at the low concentration of TiCly, the high
addition rate of NH,HCO; and the high reaction temperature, the crystalline fraction of anatase increased with raising heat-treatment
temperature and rutile phase began to formation at 800°C. The crystal size of TiO, particles increased with raising the heat-treatment
temperature, the crystal size was showed about 21 nm at 700°C. Anatase type of TiO, coated on the fly ash heated at 700°C for 2
h showed 1.25 g/cm3 of particle density, 82.8% of strength and 69.5 Lab of whiteness and can be used as a photocatalyst.
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Ho sexoz E@AY 23 29¢] fle TIO,
o] ¥ A3} - UL o) 83l gi7] - AR
P A7t Az Aok Ti0,8 o] 43 FEHuke
EAA Qs v o7 TiO,o B ER ] HE
HoxW A3}z HAHY, TiO, PEAE 2=
g3k ¢ - FeAE Fogert F@skd n@ay o
AR Tio,e] BA7F Fasic? Tioe dXAzE
ZaolEY Vycor FEl7F F2 AMHEEY, ol BXA
E 2vte)x Alzwge] B33t Tio, F&w o] A=Y
7he] Aol EAEo] HEsta AzHbge] 7hee w3
A7 27E T ok

Aerstg by ol Sk #7189 A sl why
g2 sinit} Frtslal Jlow HAHE MR el W
& FARAZ TN At ADFA Mg e
“A3e] AL ZA 60% ol MBEHIT o), Fu
NELEL 15% JEZA 87 - 2l ANEEH 2
oA HAAFoloF & F83 AAoltt!) Hesle] HE&
F3A|, frtE4e 34 2 ALEoE §4 9
7pHA g5 AL AHEY FA T ErHA|
Yol Mekslo] A Ao F93S WA ¥ o)
AL Qe Ex2 TR 5 Yok g Me
3o FoARL Si0,% ALO;EA HUESQ] cenosphere
o] Mekglo TiO, & BAAA ] -FEAEaAE B
oAtV WA G4ATIE FHAZAM Y Ago] 7}
okl Mgdle) aRrptAsE JE § k.

web, B dfeMe H718e el HEgEe 9
sle] W] EAE ol 23l HEE cenosphered 2] AJ€h3)
of AAAHEYE olgsle] AzFHol zhaslm A7)
9l FZujg TiO, T¥ Aehs] BIAES Azsyed,
Hkg-Q Ao WE TiO, YA A&t AP WEE
ZAL3F T
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Table 1. Chemical Composition of Fly Ash

2. Ay

Table 19] #8248 2t et Mes]
vl Mol 2]3le] cenosphere®} graphite FA O 2
23 &, B - 315ty AAE RARBKY TiOo, 29
3 A A2 AAsac

TiO,2] ZWYEZ TiCl(99%. Wako Pure Chem. Litd.,
Japan)E o] &3t o™ TiO,o] IE S Table 28} Zo]
TiCl;, HCI(36%, Wako Pure Chem. Ltd., Japan), H,O
%2 NH4HCO;(Shinyo Pure Chem. Co. Ltd., Japan)e} 4]
B3E St MM S ol&ste Pk
TiO, Z8-& 95t AR we} 433 stock solution
3} cenosphere B7Fol A3 E 500 mle] 37 ZepiA
W3 HHAQ] NHHCO; 842 peristaltic pumpE ©]§
gt} dAHEE R FYste] Yo pHE ZH3IHA 25~
80°Ce] ¥hg-£% o)A 300~1,000 pme] £ 2 WHIEHA
ot Wh3-8-29] pH W= 3ml §9& 2{H3le] pH meter
(PHM 210 Radiometer Copenhagen)Z ©| &3t =33}
om, whg-gole] pHrE 2, 6 2 11°] HAYEL W ¥HeS
FH3AT Wgo] TE H AR FHEH CI o2& A
A7l 3t AgNO;E ©] 83t CI o]o] AEEHA
o8 W7EA] ML 80°CollA 48A17F Ax ¥, ~800°C
744 5°C/min®] $&&%8 7193l Tio, 28 A€
EIAE Az3H.

AMes]e] e 3 YEF4S XRF(Philips, PW 140,
Holland)®} 9} 5=44]7](Shimazu, SA-CP3, Japan)E ©]-&-3}
o BAEATh AlEe FAHAY 4L XRD(Philips. Co.
Pw1720, Holland)& ©|83t4] CuKo, Ni filter, 30 kV, 20
mA2l 2702 ZA&EHPon AEE anatase’dT rutile
e (1013} (110)H 9] 3)da wtE o2 RE A Y
9] #Z7]E Scherrerd] & o]8-3td ZASIA T HAWHgof

A A

(Wt%)

Comp. .
Sample Si0, ALO;  Fe04 Ca0

MgO T102 MnO Kzo NazO P205 Ig.lOSS

Fly ash 47.06 30.95 3.89 0.58

0.69 172 0.04 3.63 0.03 0.23 11.17

Table 2. The Experimental Conditions for the Synthesized of TiO, Coated on Fly Ash

Composition of Solution

TiCly H,O HCI NH4HCO,
(mol/1) (ml) (fold mol) (mol/l) (®

Reaction

Fly ash temp. (°C)

Addition rate of Final
NH,HCO; (ml/min) pH

Stirring
speed (rpm)

0.005
0.01
0.03
0.05
0.08

0.1

100 2 1 10

25~80 0.3~1.0 2,6, 11 300~1,000
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ejsted ABAE TIO, AP AMes)e) Bt £42 Zeta A2 Foske HES W7h Hasith He3e] XRD

Potential Meter(Otsuka Electronics Co. LTD, ELS 8000, B Ax2 e Mekd)l= mullite$} quartz2 o] Fojx U
fapan) ol&3iTh MRS WES WAEE Wawsg 22 % 5 9
(Quantachrome Co., Model Py-5, US.A)9} 4 2}A](Tokyo H|ZAd gl ojste] e Agsle] By BA4E

Denshoku Co., C-5220, JapanyE ©]-&std FA sttt Al Table 30 EAI3Hch. BFYAe] 143ume] cenosphere
Fo| mAlFRe} B TiY o)L ByE SEM(Jeol-ISM Abe] MBsle AA)e] 53%012105 1~85ume] YER
534 Labe] WAL E Lehlo] &

5410, Japan)?} EDS(Oxford ISIS, GB)E ©|-&-3tdq #&s} ¥, 015gm’e] UE 2
gt} A g5e e §MPa AFY StlA AlEE 187 213 A &o] graphite &72] @1%51 2o} &
AAAZ &, B RHdle A5 FE %HE A T(@MPa A<t BlollA] ABE

sigon, Meks] ®39 Tio, ZWE9 $7+ K. Kimura o] Bgsh= Alge) Hy= 43, 3%@1 RIS

o Wel wetk oy 42 olgstel Zgssint”

Lfou () ) - o o

L=31¥F 7 (nm), Dvg—*—ﬂ &3] 42 =7 (um),
Pre= B3] T (gem’), M, =4 3] F(g),
p=Ti0, YE(g/em’), M=TiO, &% (g)

3. #dz ¥ o

Azl AR 3 TH/PIASE Aslde e
44, SRR, B, Yals deee D 414
ol A% AEX 7 Hastrh vty oz MErs) ¢
Ay B o] 2|9k 1 LLJ_—E—Olb} Fe’} Z7}std &
Moj} ek o 2 Wstst, YA cenosphere”t TF
EE WAL Jeho] Mers]e] Moz RE ¥
2 3} R 9] o Zo] shseitt

2 Ao A3 &3 = Table 13 2ol Si0,¢f
ALO; ©]9lo] Fe,05, K,0 ¥ TiO,7t &-f-5lo] glomn
117 wt%e] ZE7%E Jeh Atk ASTMOA &=
Si0,, ALO; B Fe,0,2 &Fo] 70 wt% o] 4tol® Fi, 3
E5o 235 ?:}akol 50~70 wi%©] 3L CaO7} 10 wt% ©]
AolW CHOR BRI vldzd Ashe FLUY
o 33tA 9 7&3% AAFIBER 50~6.0wt% ©|3tE
#Astz AV = aa oA A1g3 Ae3|E Table 1
3} 7o) Si0,, ALO; 2 Fe,0; o] 81.8 wi%, Na,09}
MgO 59 ddeAdEo] v $Hfd FF 324 C
F Agslof] v|a)] LAl F=Feta 7FEgEe] 11. 17
wit%Z Eol At ZA AFEE fstde Tt & (b) graphite type.
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Table 3. Physical Properties of Fly Ash

Fargon, 7

22k 3R F, B9

UE ERHRIT.

Fig. 1. SEM photographs of fly ash. (a) cenosphere type,

Properties Particle Particle size Content Density Whiteness Strength*
Shape size (Um) distribution (tm) (%) (g/cms) (Lab) (%)
Graphite 69.8 3~500 47 0.29 458 523
Cenosphere 143 1~85 53 0.15 534 433

*Strength : Floating samples in water were pressed at 8 MPa hydrostatic pressure.
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HFAER o oJste] Felgk Aet3]e] SEM ARIE Fig.
1ol Gehl Aot 4=k=717F 2k A @3]l < ceno-
sphere(a), YAFZ717F 2 A EE3]= graphite F4Hb)O.E o]

(b)

()

Fig. 2. SEM photographs of TiO, coated on fly ash dried at
60°C with stirring speed: 300 rpm(a), 500 rpm(b) and
1,000 rpm(c).

FoIA g #EY & Utk HE3= F2 cenosphere
9} graphite FFLE o] FojA leom, AEs o B -
stets AL o5 I st FAA =Y SR
PAke] B A glo] TUTES & F UMk

Azt dAYEZA F2 o] 8= cenospherer
floaters} dry seperated cenosphere® 8@ t}'? Floaters
B8 Bt FTFEA 9o FA7E 29 5~8%
A=l YA 717 & ot} Dry seperated cenosphere
= daZdAM &89 silicateYAHE©] PP} Fe,O,
o] yhgof ofs] AUE CO, 7h2=9) o) ofsly A
e, B 2 YA4EE0 wE Aol 3k 2] ceno-
sphere I HH W2HELE7E =8 A9ole NE9] 30%
A= 9 FAE 2= MYEka 73 cenosphere?t A
ot E3H FeyOy cenosphere®] Ao Fo8 A&
e 0,8 FHYLE Fey0,0 ol F7igel wet
cenosphere®] ¥|= 718}l Cenospheres AU E, &
HEE, LA 2 953 AFHEE Yeho 3
FaA], AFEAA, AFHAANE € e Foll AME-
Hol Mers]e] AL cenosphered] EAE o] &=
Rolgt & 4 Uh.”? Wb, & Aol 782 ceno-
sphereg TiO, Z®8-& ¢I3F A A2 AL&-3FAch

Mesle] B o ¥hEe 93t TiO,7F &5
H REgEH o]l wWRtEE, TiCLe Fx¢ HMAA NH,
HCO;8] FY&=d me} Tio, YA M &de)r) W3}
ghot

n(FA-OH) + TiCl, — (FA-O-),Ti(Cl),,+n HCI

Fig. 20 100 ml2] H,0% 10 A &k3]2} 0.01 mol19]
TiCLE &% §, 80°CY] Whg-2o|A FAAQl NH,HCO,
£ 1.0m/minZ FYA ¥FgEN e atdwo) wE 4
B3] ¥Wel Tio, ¥xte] A&4uE Jehlido, wuks
%7t 300 rpm(a)i} 500 rpm(b)9l A Ehs]e] ¥ A& By
o Azl EHAEE vEhdoy, wekEEsE 1,000
mpm(c)?] AE3e sty XUg BHAJE 7 BEAHA
ot wepA, AEsle] W) TiO, & ¥l Yside
1,000 rpm®] WHFEE7F Hpatgon, ojHTh wuksw
7b E2 ASole Mers] Edd 29 Tio, Yo o]
go] gaE )

Fig. 39 Fig. 2¢] &£3t&d9] W358 pHel whe 4
&3] ZHe TiO, 9A AE4EE Jepfid) wke-go
o] F8 pH7I 2@} 11(c)2! A3 F™ole Tio, YA
| Bvdd A&7 BAEH AYFo] B oY,
HHg-8-919] pH7} 6(b)%] A Er3le] ol vlwE 79
st AUE TiO, YA M&o] #AHUY. Whe-gH 9]
pHOl W& TiO, ¥Are] A &4ele Hes 9 Tio, Y=t
7+el FRA skl met wisteic), dwkE oz Mgy s Q)
27 Eoll FAEAE W JAAIHNE zeta potentialol

N{
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Fig. 4. Zeta potential of TiO, particles and fly ash at different
pH.

Fig. 3. SEM pohotographs of TiO, coated on fly ash dried at
60°C for 48 h with the end pH of reaction solution :
2(a), 6(b) and 11(c).

vl gt 714 §lo] EAlste] dApAbeldll 1¥
HhakE o] Ex8hH, zeta potentialx}7} AHFE IAFA}O)
o 743t Qo] A #UF o] spsdA Ak

Ll

SR EEL e

wabA], ek et TiO, YxI7He] zeta potentiale] & F7
= Zl°] TiO, §4Ake] #dst &3 U3 v|H+
A= 718 x7AHo] "o

Fig. 49 2ets]9} Tio, YAte] FHdsts 243
F5 el Yxbe] XHZ 39} zeta potentialo] 7+
o /1A o, pH 3.8~6.0 Wl Aek3le] WA
gt F(-), TiO, Yte] ERAsE WF(+HE HEA 4
g3]et TiO, YA BAZA QEo o8 TiOo, U=
7} Aers)e] gl sl AEHATH pHIT 6.0 o
oM Aerslel Tio, YA/t &2 Aske Jehl
717 gt ofste] Ak FWdls -S4 TiO,
YA EAEHHQ] HEF] FFFHASG. pHIT 2.0 ©]3)
1 A FA4o] 23, Fig. 39 SEM ARl =
HE] MEs)e] gdols Badd TiO, &0 #FHA
o} webA, Fig. 33 Fig. 49| AAZ2FE M&3sld TiO,
£ ZYsl7] 93 HA pHE 38~6.092 & 5 o

Fig. 59 Fig. 2] &89 NHHCO,¢ FY&E e}
HEg-A 7kl whE gole] pH WH3Ka)e} Aeks] ¥H Tio,
9z} A& E JERAITE NHHCO:8 FUE5%71 0.3
Z} 0.5 ml/min?] A Ers] XHo= BHLA o\ $-3Ae]
TiO, AAe] HZo] BFHZLU(b-1, b-2), NHHCO,2]
FYEE7F LOmUming] HE3]e] EHols 22 TiO, Y
AEo] #YstA HEEHATHL-3). WebA, JA A<l NH,
HCO:9l FY457F 1.0 mUmin, ¥H3-§de) wyt&wr}
1,000 pm 3 W8N o] T8 pH7E 6 of A@3 ®H
o] #43% TiO®] Z¥o| 753ttt

Fig. 6ol NH,HCO,2] F1452] W3lel F:9]&w7) 1.0
mimin] A|8°] XY= WE TiO, 2A 4] #isf
£ veRligiTh Zhzke] Algel= ARl 7)9lsks mullite
9} quartz®] ZAA/tol #HEAEH T NHHCO:® FYUHFE
7} 0.3 mVmin$] A €3]] A= mtile’d, 0.5 ml/min®]
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Fig. 5. Change in pH of the solution(a) and SEM photographs of the surface of TiO, coated on fly ash dried at 60°C for 48 h with
different addition rate of NH,HCO;: 0.3 ml/min(b-1), 0.5 ml/min(b-2) and 1.0 ml/min(b-3).

A A: Anatase R:Rutile
1.0 ml/min Q: Quartz M Mullite
AA A A

- ml/www

0.3 mli/min R

Intensinty (A.U.)

Fly ashq

MM M
M QQ”M
i

intensinty (A.U.)

A : Anatase R :Rutile
Q : Quartz M: Mullite

. A
heated at 800 C

Rafar R

heated at 700°C w
heated at 600°C
AP ha I\

heated at 500°C

heated at 60°C

Fly ash Q

20

30
20 degree (CuKa)

(a)
Fig. 6. XRD patterns of TiO, coated on fly ash with different addition rate of NH;HCOs(a) and hea-treatment temperature with
1.0 ml/min of addition rate of NH,HCO;(b).

40

740l rutile’d ¥} anatase’de] FAHEHJ 2B 1.0 ml/min
9l AolE anatase’de] HA7H BREUTHa). o9k 2
o] Aers]e] T rutile®]L} anatase’do] A= R
HO025H ZEHE 079 28k TOCL7t Ti(OH),E
bR EA] ek 2AA Tio, A Ec] A= o
Tolth¥ NHHCO;2 FY4%7F 1.0m/mingl A &8
g g) e =7} ol wel anatase’de] IHIA TFn
7t Z7vErg o), 800°Col A rutile2 o] Hol7F AEE Y

50

30
20 degree (CuKa)

(b)

50

THb). 8%} Azte} 7ol NHHCO,9
T257F 718 TiCLS] =7 HAaT8rE 3]
Kol anatase’do], ¥l Aol rutile’do] A
Ak F, TiCLS) $%7F 4383l NHHCO,8 FU%
7k /el wek whg-gole] pH7F B3] 45t edge
shared bonding®l] ©]5}ed anatase’do] FAH 20, TiCl,el
FE7F F7FSAL NHHCO:0| FUEE7 7H4aghe] wet
comer shared bonding®] %713l rutile’de] A=At

e

=
TH
En =
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Fig. 7. Variation of anatase TiO, crystal size with heat-
treatment temperature for 2 h.

SE, 255

Fig. 8. SEM photograph and EDS analysis of TiO, coated on
fly ash heated at 700°C for 2 h.
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Fig. 9. Thickness of TiO; coating layer with concentration of
TiCl, heat-treated at 700°C for 2 h.

Mg 2AAA Fxo FAol 7Hest mtiledol

Fig. 791 Scherrer?]'®& o] &3} Fig. 6(b)2] XRD £
Mo 2RH T3 TiO, YA Z71E YePlATh dRA
Foll= oF 10nm BFE9] TiO, YA7F AEHo] dAe&
=7t okl me} Tio, YAte] =7l F7hsked 700°C
oA FAEet Aets] BHS TiO, YAA7]= 21 nmo)
Ak

Fig. 80l 700°Cell~ 2412+ €A i3t TiO, ZH® A ¢3]
B34 xHe SEM Azl EDS #4418 Holth Mghg
o} HEE TIO, YAtellE Agte] 2 o]Folx glan,
Ti*" o] o] AMetsle] FHlo| FUstA EEHo] UL
#FF 5 Ak

Fig. 99 700°ColA 2717 A4 2§k Al89] TiCLel
b wE IZ¥Fe] FAWSIE Btk TiCLe A7t
Fol S7reel] wel qus] Rl 2YF T 45~
135 nm= H3}3F

Table 40 AJgts]e} 700°CoNA 2417k EA 3 TiO, =
d Aes] EeAle] 84 548 A8 700°C]
A 2A7F AAE S A BE 125 glem’e] T, 82.8%2] 7
= B 695Labs] MAEE yrhfie], & Ao Az
3t TiO, ¥ Agks] B39 Ee)d E4o] A Es|d
H)ste] g AT

4.4 B

2 AgoM AME-S A3l FF A3 EA ceno-
sphere @742l Hl&o] HA AE3]e] 53%0]30eH, 143
ume] HFLA, 1~85ume] YJEEIE, 0.15 glem’e] WE
3 534 Labe] WAEE VeRo] M HeE-E o] &3t
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Table 4. The Physical Properties of TiO, Coated on Fly Ash with Heat-treatment Temperature

Sarmple Properties by ity (g/em’) Strength (%) Whiteness (Lab) Heat-treatment temperature (°C)
Fly Ash 0.15 433 534 -
112 653 654 60°C
TiO, Coated on Fly Ash 121 754 683 500°C
1.25 82.8 69.5 700°C

o TIO,& ZHshr] Y G AH-o] 7Hsat.

2. ¥HE2% 80°C, WWHEE 1000 rpm, ¥HS-EE pH 6
2 NHHCO:9 FY£= L0mlming! X&s] Edols
TiO, &l #d3A AE=HAoH, 300~500 rpme]
aRkEE W82 F pHYE 29 11 € NHHCO,9] F4
=7 033 0.5 m/min?l A§3|2] ¥ E4YU3 TiO,
P27 M E =AU

3. NHHCO,2| FY&x9 vhg-2 571 Z71sla TicCl,
o] FErt ZAagrE Mes]e] BHolE anatase’de] TiO,
7t AEHANeH gA 257t F7Hstel uhe} anatase’d
o] AR Aol Z713h o) 800°CHI A rutile® o] &H5]
t}. NHHCO,¢ FU&5=9 whg227F 24433 Tidl,
o] FE7} F7Hgel we} rutile’deol A=A

4. 700°ColA 2417 EA 23 TiO, I8 Ags] 23
E 125 gem’e] Ux, 828%2 ZE 9 69.5Labe]
ZE Yehfo] Aeks]o] s E2]& 5Ao] E] #
ZFujz o] &) 7hEstrt.

HAtel =2

B A3 20008 % ZA4Qtisin 7|43 d3d ma o
TH] A Yho g FYPH U
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