
CHAPTER III
METHODOLOGY

3.1 Design and setting up Rotating Disc Photocatalytic Reactor (RDPR)

3.1.1 Primary design criteria of RDPR

T his w ork  focu sed  on  the innovation  and evalu ation  o f  the TiC>2 R otating D isc  
P hotocatalytic R eactor (R D P R ) for the treatment o f  ch rom ium  (V I) in  solution . A  
analytical grade TiC>2 w as used  as the im m obilized  p h otocata lyst on  the rotating d isc. 
For d esign in g  o f  this reactor, firstly set the goal to in n ovate the prototype m odel 
w h ich  proved that the m ix in g  in the R D PR  w as c lo se  to  that o f  an ideal C ST R . T his  
reactor had the tubular flow -through  photoreactor typ e. T he m inim um  vo lu m e  
capacity o f  th is reactor w as 5 liters. The m inim um  ab ility  o f  th is R D P R  for rem oval 
chrom ium  (V I) w as 25 ppm  or chrom ium  loading as 125 m g  Cr6+.

T he reactor w as designed  w ith  the important com p on en ts including:

- The m aterial for reactor b ody and rotating d iscs  p late,

- Pum p sp ecifica tion  or head requirem ent,

- M otor sp ecifica tion  or p ow er requirement,

- The appropriate in tensity o f  u ltraviolet lam ps,

- A m ount o f  catalyst d iscs plate (am ount o f  TiC>2 coa tin g  surface area),

- The ro o f  o f  reactor,

- The appropriate p osition s o f  each  d iscs plate and

- N 2 consum ption .
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3.2 Preparation of T1O2 thin films on stainless steel discs for chromium (VI)

photoreduction.

3 .2 .1  C h em ica ls

A ll ch em ica ls and reagents in this study w ere analytical grade. Titanium  
d ioxid e w as prepared v ia  T itanium  (IV ) butoxide (T i(O C 4 H 9 ) 4  obtained from  Aldrich  
and absolute ethanol supplied  by M erck w ere used  as a  T i-precursor and a solvent, 
resp ectively . A cety laceton e  from  Carlo erba ch em ica l w ere u sed  as organic additives. 
C hrom ium  (V I) prepared b y  potassium  chrom ate or K 2 CrC>4 (M erck C h em ica ls) used  
to perform  the syn thetic  w astew ater o f  this w ork. M oreover, the desired  pH  o f  the 
so lu tion  w as adjusted w ith  N aO H  or H 2 SO 4 w h ich  purchased from  M erck  C om pany, 
and used  as received .

3 .2 .2  P r e p a r a tio n  o f  s ta in less  stee l D isc

S ta in less stee l d iscs  plate (type o f  316L ) w o u ld  be w ash ed  v ia  2% o f  
hydrofluoric acid  (H F ) for 5 m inutes, and then dipped in  a m ix ed  so lu tion  o f  water 
and anhydrous ethanol, and dried at room  tem perature (L iq iang et a l., 2 0 0 3 ). B efore  
use, the d isc  rinsed w ith  d istilled  water and each  d isc  w o u ld  be w eigh ed  and covered  
w ith  ad h esive tape in  order to m easure the am ount o f  TiC>2 that w ou ld  be coated  on  
one side.

3 .2 .3  P r e p a r a tio n  o f  T iÛ 2 p recu rso r  so lu tio n s

In the preparation o f  precursor solutions for TiC>2 thin film s, titanium  (IV ) 
butoxide (T i(O C 4 Hçi)4 , A ldrich  chem icals) w a s used  as the source m aterial for 
Titanium . T itanium  (IV ) butoxide w as first d iluted  w ith  ethanol, w h ich  w as used  as a 
solvent. HC1 and ethanol w ill be m ixed  together and u sed  as the acid ic catalyst for the 
h ydrolysis o f  titanium  (IV ) butoxide. The acid ic so lu tion  w a s added drop w ise  to the 
titanium  (IV ) b u toxid e-eth an ol so lution  under v igorou s stirring at room  temperature.



A fter that, acety laceton e w a s added to the m ixture o f  precursor solu tion s and 
vigorou s stirring w ere con tin u ed  for 1 hour. In this preparation, the resultant solutions  
w ere y e llo w  and transparent. T he con d ition  w h ich  this research interesting w as in  the 
ratio o f  titanium  (IV ) butoxide: ethanol: HC1: acety laceton e o f  1: 30: 0.5: 1.
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3 .2 .4  P r e p a r a tio n  o f  T iC M h in  film s

TiC>2 thin f ilm s w ere deposited  on  the substrates b y  so l-g e l dip-coating  
techniques. S ta in less stee l d iscs  p late (diam eter o f  12 cm  and perforate sm all hole  
w ith  diam eter o f  1.27 cm ) w a s u sed  as the substrates for the thin film s. The coating  
carried out b y  d ipp ing the c lean ed  sta in less stee l d iscs in to the precursor so lu tion s and  
then w ithdraw ing them  at a  constant speed. T hen, the sta in less stee l d iscs coated w ith  
gel film  w ere ca lc ite  at 5 0 0 ° c  and 3 tim es coating cy c le s  in  an electric  furnace.

3 .2 .5  C h a r a c te r iz a tio n  o f  T iO î th in  f ilm s

T he prepared TiC>2 thin f ilm s w ou ld  be characterized by u sin g  different 
techniques cou ld  be describ ed  as fo llow :

- A d h esiv e  test b y  ad h esive  tape.

- A c id  -  alkali test b y  d ipp ing the coated  substrates into H N O 3 and N aO H  
w ith  concentrations o f  1, 5 and 10 M , resp ectively .

Surface m orp h ology  o f  TiC>2 thin f ilm s w ere ob served  by scanning electron  
m icro scop y  (SE M ).

C rystallin ity o f  TiC>2 thin film s w ere id en tified  b y  X -ray  diffraction , X R D .



3 .3  In v e s t ig a tio n  th e  e ffe c t  p a ra m eters  o f  ch ro m iu m  (V I)  p h o to red u c tio n  u s in g  
la b  sc a le  R D P R .

T he exp erim ent w a s d iv id ed  into 5 parts as fo llo w s: e ffect o f  in itial pH  o f  
w astew ater, e ffec t  o f  w astew ater f lo w  rate ( Q w), e ffec t o f  rotating d isc  speed  (V r), 
effect o f  TiC>2 coa tin g  surface area o f  catalyst and e ffec t o f  initial concentration o f  
chrom ium  (V I) in  the syn th esis w astew ater in  the operating o f  R D PR.
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E x p e r im e n t  P r o ced u re .

TiC>2 th in  film s d iscs  plate derived from  Part 2 w ere p laced  in  R D P R  that 
contained w ith  the synthetic chrom ium  (V I) so lution . B efore  the ultraviolet lam ps 
illum ination, the chrom ium  (V I) so lu tion  w ou ld  be equilibrated in  the dark system  
w ith  the TiC>2 th in  f ilm s d isc  surfaces for 15 m in  to a llo w ed  for the adsorption process. 
Then, the u ltraviolet lam ps w ere turned on  to illum inate the TiC>2 thin f ilm s d iscs w ith  
a variation o f  tim es for each  concentration. The concentrations o f  chrom ium  (V I) after 
illum ination  w ere an a lyzed  w ith  a U V -V isib le  spectrophotom eter. D uring the 
experim ents, N 2 w a s bubbled  into the system  at a constant f lo w  rate. In th is part, the 
in vestigation  the operating param eters o f  chrom ium  (V I) photoreduction u sin g  R D P R  
w ere separated to  b e 6  steps:

3 .3 .1  S y n th e s is  c h r o m iu m  w a stew a ter

C hrom ium  w astew ater containing chrom ium  (V I) w as syn thesized  
corresponding to  the concentrations that m ight found in  real w astew ater. C hrom ium  
(V I) so lu tio n s w ere prepared b y  d isso lv in g  p otassiu m  chrom ate (K.2 Cr0 4 ) in  water. 
The pH  o f  the resultant so lu tion  adjusted w ith  diluted H 2 S O 4  or N aO H .



In this part, the experim ent w ere investigated  b y  varying the pH  va lu e in  the 
range o f  acid  (pH  3), neutral (pH  7) and basic (pH  11). A fter  assem b led  T iÛ 2 thin film  
disc p lates to reactor and adjusted all operating param eters fin ished . T he synthesis  
w astew ater fo llo w  the desired  pH values w ith  25  ppm  o f  chrom ium  (V I) w ere  
synthesized . T he an a lysis o f  chrom ium  (V I) rem oved  w ere p roceed  v ia  sam pling the 
sam ple during the experim ental tim es. A ll steps are sh o w n  in  F igure 3.1
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3.3.2 Investigation the effect of initial pH of wastewater.

Figure 3.1 E xperim ental chart for the study o f  e ffec t o f  in itia l pH  o f  w astew ater.
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T o study the e ffec t o f  w astew ater f lo w  rate, the experim ental started w ith  
assem b le TiC>2 th in  f ilm s d iscs to R D P R  and fixed  other operating param eters (in itial 
pH  o f  w astew ater, rotating speed  d iscs, am ount o f  TiC>2 coatin g  surface area and  
in itial concentration  o f  w astew ater). T he w astew ater f lo w  rate w as varied  in  the range 
o f  20 , 4 0 , 6 0 , 80  and 90  m l/s. A fter that, proceed  the photoreaction  p rocess and 
sam pling the sam p les for analysis the concentration o f  chrom ium  (V I) on  the tim e. 
A ll steps are prov id ed  in  F igure 3.2

3.3.3 Investigation the effect of flow rate of wastewater.

Figure 3.2 E xperim ental chart for the study o f  e ffec t o f  f lo w  rate o f  w astew ater.
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In th is part, the rotation d isc  speed  w ere vary as 10, 50 , 100, 150 and 20 0  rpm. 
The in itial pH  o f  w astew ater and the optim um  w astew ater f lo w  rate w ere controled  
from  the results o f  part 3 .3 .2  and 3 .3 .4 . The exp erim ental chart is provided in  Figure
3.3

3.3.4 Investigation the effect of the rotating disc speed.

F ig u re  3 .3  E xperim ental chart for the study o f  e ffec t o f  rotating d isc  speed.



T he variations o f  TiC>2 coating area proceeded  by vary am ount o f  rotating 
d iscs p late in  the reactor. In this part, TiC>2 coating surface areas w ere varied as
0 .1 1 7 0 , 0 .1 7 5 4 , 0 .2 3 4 , 0 .2 6 3  and 0 .2 9 2 4  cm 2. T he operations o f  this experim ental part 
are fo llo w e d  from  the result o f  previous parts. C hrom ium  (V I) rem oval e ffic ien cy  w as  
in vestigated  v ia  sam pling the so lu tion  during the experim ental tim es. A ll steps are 
sh ow n  in  F igure 3.4 .
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3.3.5 Investigation the effect of the TiC>2 coating surface area

Figure 3.4 E xperim ental chart for the study o f  e ffec t o f  active  surface area o f  catalyst.



33

T he experim ental w a s started by preparation the desired in itial concentration  
o f  chrom ium  (V I) in clud in g  2 5 , 40 , 50 , 80 , 100, 150, 2 5 0 , 30 0  and 50 0  ppm . The  
operations o f  the reactor are proceeded  fo llo w  the results o f  p revious parts. The 
experim ental chart is  provid ed  in  Figure 3.5.

3.3.6 Investigation the effect of Initial concentration of wastewater.

F ig u re  3 .5  E xperim ental chart for the study o f  e ffec t o f  in itia l concentration o f  
w astew ater.

3 .3 .7  A n a ly t ic a l m e th o d

T he concentration  o f  chrom ium  (V I) that sam p lin g  out during experim ental 
tim es w a s an a lyzed  b y  U V /V is  spectrophotom eter (JA SC O  V -5 3 0 ) at 54 0  nm. 
D ip hen ylcarb azid e w as u sed  as the co lor reagent for colorim etric m ethod to m easure  
the concentration  o f  chrom ium  (VI).
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