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Tw o titan ia  w ith  d ifferent crystallite sizes (T1 (anatase, average crystallite size 
o f  30 nm , B ET surface area o f  56-59 m 2 g '1) and N1 (anatase, apatite coated particles 
o f  400-500 nm , B ET surface area o f  64 n r  g '1)) w ere investigated  using a shaker-type 
photoreactor to find out the better photocatalyst for degrading the phenol solution and 
applying it in a novel ro tary  drum  filtering photoreactor system . T1 proved to be the 
better photocalyst, w hose highest decom position and TO C depletion efficiency o f 
phenol after 60 m in w ere 19.72 and 14.86 %, respectively.

A  rotary drum  filtering photoreactor used T1 as photocatalyst and it could 
elim inate the problem  o f  catalyst loss by élutriation w ith  the effluent stream . In this 
study, the th ickness o f  U O 2 cake on the H EPA  filter w as 200 pm , the initial 
concentration o f  phenol was 25 ppm , and the volum e o f  treated w ater w as 25 dm 3. 
The ro tating  speed o f  the drum  w as 5, 10, 20, or 30 rpm  and the filtration velocity  was 
0.52, 0.73, or 0.84 cm  m in '1. Prelim inary results on the effect o f  the rotating speed on 
the w ater film  th ickness on the drum  show ed that the effective average w ater film 
thickness becam e th icker as the rotating speed increased. The experim ental results 
revealed that the decom position  rate o f  phenol and TO C depletion  rate decreased 
against the increased ro tating  speed. The suitable speed o f  the drum  w as 5 rpm. As for 
the filtration velocity , the phenol decom position rate and TO C depletion rate achieved 
the optim um  w hen the filtration velocity was 0.73 cm  m in '1. To obtain  the intrinsic 
capacity o f  T i0 2  cake in degrading phenol, the photolysis o f  phenol w as also studied. 
The results indicated that the photolysis efficiency o f  phenol after 360 m in was 4.96 
% w hile the decom position  efficiency o f  phenol w as 21.47 %. T hey indicated that the 
presence o f  T iÛ 2 cake w as a key factor for degrading phenol. In addition, the dark 
adsorption o f  phenol on TiC>2 cake w as verified. W e found that the adsorption 
efficiency o f  phenol on TiCE cake for 30 m in w as insignificant, w hich w as about 0.95 
%.

D epartm ent.........C hem ical E ngineering....S tudent’ร signature .........? ........V.ï f . I ไ.1::.: ;
Field o f  study ...... C hem ical Engineering... A dvisor’s signature. .ไ.. f . M .

A cadem ic y e a r .. .200 5 .....................................C o-advisor’s signature
............................. .........
r e  ป ี^ ร ^ ^ ^ ^ ^ พ ^ ^ ^  -



Vi

ACKNOWLEDGEMENTS

The author w ould like to thank Prof. W iw ut T anthapanichakoon and Assoc. 
Prof. Taw atchai C harinpanitkul for their continuous advising m any interesting 
subject, deep d iscussion, and encouragem ent to pass by the problem  and obstacle 
throughout this project including the training for developing the self-learning.

In addition, the author w ould like to thank lecturer A rthom  V ijitam om lert o f  
M ahachai Plastic Industrial for his support in experim ental setup.

The author is grateful to Prof. Yasushige M ori o f  D oshisha U niversity, Kyoto, 
Japan for providing the nanotitania sam ple and N ew  Energy and Industrial 
Technology D evelopm ent O rganization (NEDO) for financial support.

The author w ould like to acknow ledge Assoc. Prof. S iripom  D am rongsakkul, 
A ssist. Prof. Joongjai Panpranot, and Dr. W iyong K angw ansupam onkon for their 
useful com m ents and participation as the thesis com m ittee.

Furtherm ore, the author is very grateful to Mr. Poonlasak M uthakam , Mr. 
N aw in V iriya-em pikul, and Mr. A disak Saiyasuk for their useful suggestions, kindly 
helping and encouragem ent. M oreover, Mr. K ijchai K anjanapaparkul is also 
acknow ledged due to his hospitality and encouragem ent to  set up the experim ental 
apparatus. A s w ell, the author thanks research assistants and helpm ate in Particle 
Technology and M aterial Processing Laboratory o f  C hulalongkom  U niversity for 
their helpful all o f  things.

Finally, the author thanks my fam ily for giving m e support, for encouragem ent 
to pursue my interests, and for listening to my com plaints and frustrations.



CONTENTS

A B S T R A C T  IN  T H A I ...................................................................................................................iv

A B S T R A C T  IN  E N G L I S H .......................................................................................................... V

A C K N O W L E D G E M E N T S .........................................................................................................vi

C O N T E N T S ...................................................................................................................................... vii

L IS T  O F  T A B L E S ........................................................................................................................... X

L IS T  O F  F I G U R E S ........................................................................................................................xi

N O M E N C L A T U R E ..................................................................................................................... xiii

C H A P T E R

I IN T R O D U C T IO N .......................................................................................... 1

1.1 B a c k g ro u n d ..................................................................................................................... 1

1.2 O bjectives o f  s tu d y ........................................................................................................2

1.3 Scopes o f  re se a rc h .........................................................................................................2

1.4 E xpected  b e n e f its .......................................................................................................... 3

II  F U N D A M E N T A L  K N O W L E D G E  AND L IT E R A T U R E  R E V I E W ................4

2.1 P h e n o l ................................................................................................................................4

2.2 T itanium  dioxide p h o to ca ta ly st.................................................................................6

2.3 Photocataly tic  re a c tio n ................................................................................................ 8

2.4 The pollu tants rem oval using titanium  d io x id e ..................................................11

Page

2.5 F iltration  fundam ental 16



vin

III  E X P E R I M E N T A L ...........................................................................................................................................................................................18

3.1 Synthetic w a s te w a te r ..................................................................................................18

3.2 A nalytical in s tru m e n ts ...............................................................................................18

3.3 Photocatalysts ..............................................................................................................21

3.4 Photocatalytic re a c to r .................................................................................................21

3.4.1 S h ak er............................................................................................................21

3.4.2 Rotary drum  filtering reacto r................................................................. 22

3.5 E xperim ental p rocedure.............................................................................................25

IV  R E S U L T S  A N D  D I S C U S S I O N ..................................................................................... 26

4.1 Finding the adsorption and decom position efficiency and

initial rate o f  titania in degrading phenol using the shaker-type 

p ho to reac to r...................................................................................................................26

4.1.1 Phenol rem oval e ffic ien cy ......................................................................27

4.1.2 Initial rate o f  photocatalytic d eg rad a tio n ........................................... 28

4.2 C haracterization  o f  T iÛ 2 cake formed on the surface o f  HEP A f i l te r ....... 29

4.3 Phenol rem oval using rotary drum  filtering p h o to reac to r................................30

4.3.1 Effect o f  rotating speed o f the drum  on phenol re m o v a l.............31

4.3.2 Effect o f  filtration velocity on phenol re m o v a l............................... 33

4.3.3 Effect o f  direct photolysis on the phenol re m o v a l......................... 35

4.3.4 A dsorption o f  phenol on TiC>2 c a k e .................................................... 37

V  C O N C L U S I O N ...........................................................................................................................................................................................................38

5.1 C hoosing the better titanium  d io x id e ..................................................................... 38

5.2 Phenol rem oval using rotary drum  filtering p h o to reac to r.............................. 38

C H A PTER  Page

5.3 R ecom m endation for future work 40



IX

R E F E R E N C E S ..........................................................................................................................................................................................................................41

A P P E N D I C E S ..............................................................................................................................................................................................................................44

A PPE N D IX  A Publications Resulting from This R esearch W o r k ................... 45

A PPE N D IX  B Experim ental Results ......................................................................... 51

A PPE N D IX  c  Experim ental Procedure o f  R otary D rum  Filtering

R eactor S y s te m .....................................................................................57

V I T A .............................................................................................................................................................................................................................................................60

C H A PTER  Page



X

L I S T  O F  T A B L E S

Page

Table 1.1 Physical characteristics of titania samples................................................. 3

Table 2.1 The important properties of phenol .........................................................6

Table 2.2 Comparison o f rutile and anatase ...........................................................8

Table 4.1 Phenol removal efficiency (%) and initial decomposition rate

of each titania....................................................................................... 28

Table 4.2 The initial degradation rate of phenol at various rotating speeds

of the drum........................................................................................... 31

Table 4.3 The initial degradation rate of phenol at various rotating

speeds o f the drum.................................................................................32



XI

L I S T  O F  F I G U R E S

Page

Figure 2.1 Crystalline phase of TiÛ2 .....................................................................7

Figure 2.2 Principle mechanism of photocatalytic reaction....................................9

Figure 2.3 Particle deposition in filtration............................................................16

Figure 3.1 Scanning Electron Microscopy (SEM) (JEOL, JSM-5800 L V )........... 19

Figure 3.2 High Performance Liquid Chromatography (HPLC)........................... 20

Figure 3.3 TOC analyzer................................................................................... 20

Figure 3.4 Arrangement o f the batch reactors and lamps in the shaker 

(T l, T2, T3, and T4 are test ณbes with samples o f organic 

solution and titania; B1 and B2 are test tubes with samples

of only organic solution).................................................................... 22

Figure 3.5 A schematic diagram of the setup of Ti02 cake-covered

rotary drum filtering reactor...............................................................23

Figure 3.6 A photo of the bare rotary drum filtering reactor.................................24

Figure 3.7 A photo of the experimental set-up of rotary drum filtering

reactor.................................................................................................. 24

Figure 4.1 Comparison of phenol removal by each titania in terms of

phenol and TOC............................................................................... 29

Figure 4.2 SEM image of HEPA filter fibers.......................................................30

Figure 4.3 SEM image of TiÜ2 (T l) cake formed on the surface of HEPA filter ....30

Figure 4.4 Decomposition of phenol at various rotating speeds of

the drum using filtration velocity of 0.73 cm min'1............................ 32



XU

Page

Figure 4.5 TOC depletion at various rotating speeds of the drum using

filtration velocity of 0.73 cm min'1.................................................... 33

Figure 4.6 Comparison decomposition of phenol at various filtration velocities ....34

Figure 4.7 Comparison TOC depletion at various filtration velocities..................35

Figure 4.8 Effect o f direct photolysis on the decomposition o f phenol

using rotating speed of the drum of 5 rpm and filtration velocity

o f 0.73 cm min'1................................................................................ 36

Figure 4.9 Effect o f direct photolysis on the TOC depletion using rotating

speed of drum of 5 rpm and filtration velocity o f 0.73 cm min'1..........36

Figure 4.10 Dark adsorption of phenol on TiÛ2 cake in terms o f phenol 

and TOC using filtration velocity of 0.73 cm min'1 and 

rotating speed of 5 rpm ...................................................................... 37



Xlll

N O M E N C L A T U R E

A

c

c

C o

C b .Ir

C b .N I

c ,

c , r

C t,Ir

C t,N I

p

K

t
T O C

T O C o

filtration area (m2)

dry cake mass per filtrate volume (kg/m3) 

residual concentration at any time (ppm) 

initial concentration (ppm)

the average residual concentration o f phenol in the blank

samples in the irradiation experiment (ppm)

the average residual concentration o f phenol in the blank

samples in the absence of irradiation (ppm)

the initial concentration of phenol at the start of the

experiment (ppm)

residual concentration at any time in the irradiation 

experiment (ppm)

the average residual concentration o f phenol in the test

samples in the irradiation experiment (ppm)

the average residual concentration o f phenol in the test

samples in the absence of irradiation (ppm)

pressure (N/m2)

medium resistance (1/m)

time (sec)

residual total organic carbon concentration at any time 

(ppm)

initial total organic carbon concentration (ppm)



XIV

T O C b ,N i =

T O C t N i  =

T O C b . i r  =

T O C U r

T O C i

V

M

a

the average residual total organic carbon concentration of 

solution in the blank samples in the absence of irradiation 

(ppm)

the average residual total organic carbon concentration of 

solution in the test samples in the absence o f irradiation 

(ppm)

the average residual total organic carbon concentration of 

solution in the blank samples in the irradiation experiment 

(ppm)

the average residual total organic carbon concentration of 

solution in the test samples in the irradiation experiment 

(ppm)

the initial total organic carbon concentration of solution at

the start of the experiment (ppm)

filtrate volume (m3)

liquid viscosity (Pa.s)

local specific cake resistance (m/kg)


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


