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SUMMARY

I. Title

Development of the photocatalytic materials for the purification and
deodorization of hazardous wastes

1. Purpose and Importance

A hazardous material treatment system for waste food processor
utilizing photochemical reaction is to be developed to solve the severe
pollution problem caused by waste food. Photo-catalytic waste
treatment system utilizes the photo—catalyst activated by solar energy
and dissolve the hazardous materials in atmosphere and water without
producing any secondary pollutants. Photo activated reactor system
using photo catalyst was designed and fabricated to remove the bad
smell generated during the operation of waste food processor. Primary
test apparatus was installed to waste food processor and its
effectiveness on removal of bad smell was analyzed based on the
result of performance test.

{ll. Contents and Scope

Photo-catalytic reaction system using TiO: for dissolution of
hazardous organic pollutant and removal of bad smell was developed
and tested as follows;

1) design of photo—catalytic materials: selection of photo—catalyst and
adsorption media

2) development of process for TiO; coating: determination of optimum
coating condition and adsorption media and analysis of its stability

3) evaluation of film characteristics: dependance of phase stability on
heat treatment

4) design and fabrication of photo catalytic reactor: optimum design for
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increasing the effectiveness of photo-catalytic reactor

5) evaluation of performance: analysis of gas components before and
after processing using gas chromatograpy

IV, Results and Applications

1) TiO; was selected as material for photo catalyst and fibrous actived
carbon and/or yarn were selected as absorption media for waster food
Processor.

2) The process for coating the TiO2 powder on adsorption media was
developed and its stability in moisturized atmosphere was tested.

3) A cylinderical photo-catalytic reactor suitable for waste food
processor was fabricated using pyrex glass and acrylic resin and TiOg
coated absorption media.

4) The performance of waste food process system was evaluated by
analysing processed waste gas with gas chromatograph.

The results can be summarized as follows; The selection of
absorption media is very important to increase the efficiency of photo
catalytic reaction when photo catalyst was used for waste food
processing system. It is effective to coat the TiO; photo catalyst on
active carbon or fiber mat in order to increase the system efficiency.
The removal of moisture and selection of moisture resistive reactor
design is required to purify the exhaust gas from waste food
processing system because it contains much moisture. A new waste
food processor adapting wet processing system was recommended and
basic conceptional design of the system was suggested based on the
result analyzed.
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Aol Wz A7e BwHQ Frlo] wel Arle BAE ZdA 7
Z 09ER WETY FAY ZAE QA o5 A4 =& Az
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TiOz FEFw] ol& 71& MNEL ZA F Eotd AR JAPPHx gk
Stute FEle] M FA ©E FEE uh( 2
st Eokeld, = T& 3tue A ZAtdl 93 o7 A5 dFe
o] &8t Eokolth AAl FZFvlo] g AFE 2043 AR 2
oh 80t Tl EojA AAHoR FAEAY Aol AFHH
gro] @At 2L &7 AFH LAY $8o2 WAtk 27 T
£ TiO29 #el7] A5z @] FE8 ¥hg3 FHsA FEHAAE &
39y, Fujishima $°] NatureXd]l Foiry] 43 @4 zusgoz
TiO:9] A& 7%l & olai7t FAHA (1] 1980 d dioll F&u] A=
HHE A7 wer|TF 74, TE 2AEAH 79 53 2L NxdTE
FAoz W o 2009 B =Fo] HuHYOH TIOE oY o7
A3 % FAFARY JMF {98 FEAZ nEsed FE3E 9T
ATE AFsATHZ] 1992d FtyUH Ontariodl A& W5 FtUYE F
Aog F9, 98, 3F 59 #H d7AE9 2o “TiO; Photocatalytic
Purification and Treatment of Water and Air” & FAZ 13] FA &3
g AFstAen, o 10089 =EE0] TiO; F&ve 71247 $84
T AdE2 2adA0[3] o] &3+ 19963 v]= Cincinnati, 19973 1
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Carolina State W%, California FHWE FA 712 & $E£ATE +3
- 3t gtem, Oak Ridge ZTHATA TAA HL£8E AT W system
#d d7FE 93T Ao F2de dF 7oA =AY ur] B3t
€ A 771§ AEssdd. dBAAE Ao Fuyjishima I4E
FTHLE AT digtH a3 dig B oA FGATE Fedste B
TABRATEE £AH ud ZFE wgAE JEXAYE MANG &
ot v Hlgd dEgME PG ZHY =S AT 835 47
7 AYPH3 Ut FAZHY A7) AF Bok oo JBE T A
71, self-cleaning W& €4, 8dd% €/, gdad EFAA, A3 ¥ 2
olZE (M d) #, A, &4doly AFAE AL T S ngd £
ALste e A7 A8 Foly, A AAFEo] 199737 19983 X A}o]
o Al®E7] AT, fFHAME IF, T2, 54, ojEEo T o
guetdA 22 Jd77 g3 oy, 488 dARGE JxATd
t B A7 2uszm goh[34]
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Fxujel BAY AFE JYAAE Bo] AAHAAT TIOE o848
AAARRZY SLATE OAHe]l SOl Ao, AT B A
Fz9 BAL AFEAY T Ak BB AFE oL 488 oA v
Aol HEx glod, TiO, FLHA 2 =x9 Bd” 477 Aed, o
A, #2874 59 A7/ RE oz Y= gon, 2y
£0lY B8ATA: SANE EUPATH =X 9 SAUslY BEE o
77 ARYn Yok FFARYATLAAE A4AFR] FA F A5
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de 54 F5E2H R71LEEE Bol st gl o /79
EZEL AU Adgd EHEAY UIFLE WEH B FHo
HE HaYH olEol FAUAEIEPE 534 =Hd {71 o
Fejo E8/8Enutg @]l TASA HI Wi HFAUA= F353
Hgol g FEE 98 S A Eo. ol #5E wE 4L A
o] A7) A AR (self purification)e] 3§ FEo|m, oj&d 338 L
W= A& A (semiconductor) @] A 7153534 Wk oA £3d 5 ¢l
o2 &R Ak 53| AU We o] AuAZL AE B¢
T AAS AT AVEHEH FFAzZA dF vEQ AZEa2As
(et o}, TiO)E HFAAURAZAE F3e & SANHLEZA {71
& B ¥ + Adn.l6l

e A A 2o 23 FEu]HA (potocatalysis)S ¥LE-9] Fujishima$}
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dat F42E AT F e ol ¥EE F HEFAUA o8S A
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o] A7 ARG FFOE F99 BEAY o]eEe A TE EAZ
& ged (2D, ot f47182 AA 28 4 Utk old A=
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® 97A oui(band-gap ol AUA)E A e BH EAre
gstel AR UE L EAANN Axsh Aol YYBT
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@ 49 249 Boz A7 4B oYW HujEa WY L EHd
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olg g FHv] WFHEYL ABAAY vkl 2ol v FH
JolA e Al e Fajgdd vzsid, FEE AMSHE B
AR WF = 494 AZHE AT 2 AR s8N 47 s
R #FAdutgo] dojuA Foz FE/FY 477 (redox mechanism)z}
I 2 ¢ Ik ol HEELS vEA A5 EEYH AR B
FRo=4 F g2 HHPHT dF FEdA wkgo] 7hEstr, 71A-
A EE ZA-GATY FHdA dojdtt. A FHH A Wi
£4 2 71780 dA7A 443 HeAA g1 Jden A B A7
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F Aoz B3 HAYJY. FFY AR FoAA ZnOs} TiO:9% ¥ F&
dEE AU AT gHor AAFHA Ko Aol FVIAH 7]
ArMe Eeeol FA3 "ojAx @l . dtH o2 TiOE 32V
AqUA] MEHE 7HAH ol HFF AUA FAA 53] 400nmo] ]
08 AR et 7] wEel ZHAFA oIt W& Fsteiord AR/A
T AT T Ao o A= dUAE HEAUAY &% 5% FEolv]
Wi B W 499 #AE ol 8% F Ue FE0 L&AV e
AR Y dF2E obtElAl(anatase)d TiO7t 714 FA{S Aoz &
HAL A EF FEFu) ARE AHEHY] AsAE &4 AATE AAG
AAgF o FaetAl grotol 3, A EE dUA BHVIAA £, §
tzo=w <tAstAol 3 Y AR AAY AAA (W FAEF)
ojof gttt FFu kg EEEE Fol7] AsAE HERAY 2o &
< F2& AAsE FHAEAD 49X H LM BEU LAY AR
ol dgsdty, B, gHor AT TiOo HolF&E H7MstY #&
EE Eole 47/ ¥dHz Ut

= FE0 $Eo 23S HAe AvAA dUA W=FE
ZA st gRoA FE dqURATE AstEAE Fukgo] A dolgd F
AEE StAY Exe FAUAR o718 A4 £ AT AZ¥S JAF
F ook e, & AT WHFY st o7 Ho BEE ARG
AEFE AT AT dEHo2 §A ANAFE Rolt. TiOE rutile
ol anatase’dHTh FEu] &gl RFE& ez A Jded e
rutile’doll A AkA 9] FagEo] B} ol A/AF AZT =71 WE
7] EQl A2 AYEn gl

S

3. TiO:8 AA g AAT=



. TiOrE EAMEO] 799 ¢ WARdoln, FAe] FzE AT U
£ AR ug d2n rutiled e 425 g/em®, oFUEAIE L 391 g/em®
olth, §3L 1858°C olF, Mol Z: EAo] gt AFEELEE Hold
AT E o] g3l WAIE, NP, WFo|Y =719 %, FFE
AN AaA, FEoA, FYATLE AT, BT A2PRe 4
g, 944, TTAN=WSE 3A PAE dE § Qo

TiO;8] AR 7F2E RE olUelAl(anatage)st FEA(rutile)2A of}
A7l Boh & wede dsiz 9o e oluEgA FERE TO,
B Al (octahedra)AbE ol et TREG. F Y ARFRE 27 ww
Aol ASAD BUAALSY AF Pl o gl Z7e) Tivele
3 oA | OFo|L o2 o|SoF WA ols] wolglth SEUA e
ZRAE FHHoX 21 ozt HENA YolA I Rl AU FE
¥ A(orthorhombic) .t} vt}, oluyelA ol M 2] Ti-TiAE S 3.799 3.04A
o2 FEYY 3757 296ART AARE Ti-OAE & 19349 1930A =
=Elgde] 19498 19808 THE &Th SEY FRAA ztzte] FRAEL o
23t 1009 ZRATHAAEANL A Axs} o9F Ao T A
£9A2)S G YT, ohFEA FRAAE gAY BRA FH AR
el mAe ul e 74 4a A4E)st HaA Dok AATRA Y
olEg Aol ¥ Yyt WES AAWTRAN A2 GE B4 Y
BhiA s,

A2 A Qg HA L Hrt
1. 3&v] A3
7}, AW 2% TiO; BHEtAl =
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F& AFAIEY P4 L AGTEZE BE ATE Fi Lez
h7-10] SFHAolEE B3 AYE WeHe] FEFEY FIHE A
8¢ YHB o Wee ol 2t

M(OR), + H:O ---> M(OH)n + nR(OH)

53 Ti-@FAlol=9 7HFEHAAE Agd £33 gAUT 2
Jate Fugo] dojus $& 7 2EF F2IL AFEAYG T
so2 FAA

=Ti-OR + H2O ---> =Ti-OH + R(OH)
=Ti-OH + RO-Ti= ---> =Ti-O-Ti= + R(OH)
{Tl_(OR)B}n

FEu] kg7 Az AJAHES Fotry] sty EAYE &3
pyrex glass 9ol TiO; #2e FAstm Axeste Tio, wete P45
). Titanium isopropoxide®] 7}EdlE& 2E3o ARFF & Az
ZAF o] & o]{3lY dip coating WEoeR FY we Az
#2431 t}. Ti-isopropoxide® AMg-3t TiO; vteh-& AZ3}E EE A4
of &FAlel=9 R Aoz st PP wiete] EMo] ZA
Wt wEkA dFAolEgeR &5 FAE o sl £58 =5
E 227 A5t olHE olMES st o= HIYES I
NA ALAME ZAT AT £ FASIYY. gzt dL 78RS
AAE & gAo HFsgAGI AT £E2 Fol&E = dip coating W
Hoz gsigoew, 2HE He EAE EHIAT. A & &9

rir
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Az FAL oA ¢A=Z Fahdn,

1) Ti-isopropoxide$} 34’@%9—] iso-PrOHE &#3ste 30% o] &%
Yt REFAL ol 9 BFALYI AN Pagh

2) Vg o] Mo ofdP otNES WA Frlsa Aol
2L FAUT oy Tk 1Al 7).

3) Iso-PrOH $} waterg& H7IS & 2A17F F<F myt 3o

4) 24N ko1 } E71Fo] HA et AR Zo] HUSS FA,

FHYHL dip coating®| & E pyrex glass$} slide glass(soda-lime
glass) 712 $Jo] =X Fgon, EX £ 18S §X3Z UA EXEY
U oz EF HEE Ut =T 60°C AR7[A 4T A=
&F 500°Cel A 1AZESE EX gt TiO:, ZA4S JA88AT £ 4
ol ALEE E9 AL 17 2.

Table 1. Composition used to prepared sol for TiO:z coating

ZA Molar ratio
Ti-isopropoxide 1
iso-PrOH 40750
Acetylacetone 1
Water 1

A4¥ 2o DTA/TGA B4 & @3, Tio, Ao T¥E ABAE
o HLE Aste] AT FF Pt dojgom, ¢ 200C olFAME
Aeare e g FAYA, CCEIANE 47189 A3 B
o ol¢ waMAE BRLH, o 450°C FIAA BAYY FHoE 4
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@ wdvasl 2NEUAY. g TiOd 2AsE ASME 450°C o4
o eEst Wade o 4 AT gAe e TiO, A¢) XRD 247
He 29 201 G 500°CAA 1SS dAd AW XRD
ENZA anatase 240 FAHg o, 59Y SBe ATRE 19
3] AY FYY TPl FAHALY AW L $508 Aste] FLo]
ZASYen, 295 FAE 0305 #me FAZ BRHAL,

. FFHAE o8 1A

SHEAG7|AA BAFE Tt EXste THAYEE A 2L &
st7] A E AL FIISFES Ttade] FEuA TiOsh w&-3t
o FEH7] 4% FEE RESATE JEHok A H7| g §7)3H3
9 71249 14 2 FFo] Tt ety 8 Fukgr] Azde 3
Zujo] AR Etoldd FAA L] AAol wig Fasi A FEoe
HAZA 7HF €l FL TiO: 2AE A TI0E oW FH=
1% shevtel weEtA FRXAE WA ok ok FHEADI] 4FA
A2l 544 gte A3 71sd FAAZAME AA BFTAEY EFolHA
SARAGT B &9 JtAAE FAY £ dojok dn B TiO: FE)
Zgoz EE Edrt2g WEo) Lolgtof At = B Fo F
ZAE A&7l WEN AALE nEdtodof vk HAF FAAEME
HEAA o] I3 7t2GE9] FFol &ol AR eaY HFY B4
g 2 {718 FgE F2] Hojd FER FFEAE), dTEL £ X &
T4 A2 ALgolE Fo| FAARA ALY 4 gt B A
e AHA A S (Fibrous Activated Carbon), =4F H A X, 2"IQle 2
A%, duigoldy ¥ FES AYE FHAAZ X2 AAso TiOE
ZABPIFAYL EE TiO: 2T TS TiOd LA SFLAR ARS8
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TiO, anatase phase
after heat-treatment at 500°C

RELATIVE INTENSITY (a.u.)

b

[P RS RS SR R
20 30 40 50 60 70 80
2 THETA

Fig. 2. XRD pattern of TiO, thin film heated at 500°C
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 AR3EH S (Fibrous Activated Carbon)e HHZARES da Qo
o JBBHAGETG FE€H 27 w23 gt JHEZ 1FE &+ g
Aol Aot B FAXE 7ol AYS Y4 Jt2dA F=o ¥
B2 ARgdn, 23y ASd 8480lu RAXEe Fd 3] gE
Ti @2 °ol&d EAYLR IAYA HYE TiO9 AR (oIHeA) B4
& 93t 500°Cel e LA dAgsteiol dt7] W&o A/ 84
golu RAX7E ¥y EE RHEH0] 1S AXRe Ao Jdd.
geld R4 gdecld FFIEE nAJAAZ AHEE7] Y8 E &
AFZRLE IQYT F A3 THS A FHolztn BAHA ¢
o, & WHOE TiOE TYsAl EXsE WS AYsidd.

B AdAe vAE E2yH TiOE AFd8A4gcyd FA x4
EXx3E WHE AT TiO, £%2 Degussa p-25 £¢& AHE-3)
Roem, 300mle] &F9 200mle] AWEZA(LGEZANE EFF £49
TiO; % 10gE H7tste 2417 o] F EFE F 24A L ol WAt
TiOz %] &3 FRHHAEE At AFAE8AEH FHAXE AE
45cm ¢F 9eme] AVIE TE F, AXE TiO; €88 £94 187 X
3, F/FAA ARAT A 18 FAF F 50°Ce 2244 A
Z39t. EXHTY AHdgdad RAXY nATRE AMRS 19 49
5ol JEMATE ARG g4ed ¥ ui¢ Ad3, B2
A Fxolth EXd TiO; ¥4 AF384de U 443 &
A ek, =3 BAX =Xd TiOE FAXY HARidd ¢d3] =X
Hol g€ ¢ ¥ Ut EXE TiO; %9 EX FE 2 FEE ¢V
At =xd AR €49 2 FHEE ES Fadtd EXF3Y W
32 #ASA BT 53] SAEA7|AA AHEA FAAHE B 4%
EXZY ggdydel A% AdE 37l Wi, =X AFEEA
g3 BRAXE B4 ¥1 2&HE A7EIY EXE TS #HFFE

I

w

7| Fo] &
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Fig. 4. Microstructure of fibrous activated carbon.
(a) as recetved and (b) after coating of TiO, powders
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