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Photocataly tic degradati on of texti le diazo dye Naphthol I3 lue I3lack \V ith CCI .,Fe,02 (x = O. 0.1 . 0.2. 0.3 and 1.0) has 
becn c:!rried out in presence of sunlight. The ef fec ts o f vari ati on of di rferent para meters like p i I, :! mouill or catalys t. 
prescnce 01' oxygcn, ctc., on the ra te o f degradation of dye havc becn studied . Solid state properti es such as surface area. 
magncti e suscept ib ili ty. ESR ;lIld elec tri ca l resisti vity have becn correlated \V i th the photoca tal Ylic acti viti es. 
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Semiconductor ass isted photocatal ys is as a method 
for des troying pollutants has been the subject o f 
recent inves ti gations!. Photocatal y ti c degradati on of 
several organi c contaminants using semiconductors 
like Ti02, Z nS , Z nO, Fe20 .1 etc have been w idely 
studied2., . W aste water from paints, dyes, tex til e and 
chemical industri es contain harm ful dyes whi ch are 
tox ic to micro organi sms, aquati c life and human 
beings. Therefore, it is essential to remove or des troy 
these toxi c dyes or chemi cal s by phys icochemical 
processes such as semi conductor photocatal ys is. 
Pandur,lllgan ef a l. ~ have reported the degradati on of 
basic ye llow A uramine 0 on ZnO and showed that 
addition o f H20 2 and Fenton's reagent enhanced the 
rate o f dye degradati on. Zhang5 has reported the 
pseudo first order kineti cs o f photocatal yzed N
de1l1eth y lation and degradati on o f M ethy lene blue in 
titania di spersions. Galindo ef ({ I. (' have studi ed the 
photocatalyti c degradati on o f an indigo id dye. Kartal 
ef 0 /

7 inves ti gated the photocatal y ti c des tru cti on o f 
phenol by Ti02 powders. The degradati on o f tex ti Ie 
diazo dye Naphthol Blue Bl ack (NBB) with Ti02 

photocatal ysis has been studi ed by Vinodgopal ef a l .
R 

and others'). 

Cerium diox ide has vari ous cataly ti c applicati ons, 
especially in the treatment o f exhauSl gas from 
autol11obi les . Its catal y ti e appli cati ons rei ies pri 1l1ari I y 
on the high crfici ency or th e reduction/ox idati on 
cyc les by shifting between Ce~+ under ox idi zing 
conditi ons and Ce3+ uncleI' reducing conditions 
respecti ve l/

Il
. The capabiliti es o f the redox couple arc 

strongly enhanced i f other elements are introduced 
into the Ce02 lattice by forming so lid so lutions!!. In 
the present inves ti gation, photoclegradati on of tex til e 

diazo dye, NBB, over Ce !.,Fe,0 2 so lid so luti on using 
so lar radiation has been studi ed along with magneti c, 
electronic, ESR and surface properti es . A ttempts have 
been made to co rrelate these resul ts w ith th e 
photocatal y ti c aeti v ity. 

Materials and Methods 
Ce! .xFex0 2 (x = 0, 0. 1, 0.2 , 0.3 and 1.0) has been 

prepared by co-prec ipitation technique. The requ ired 
metal nitrates o f AR grade we re taken in 
stoichiometric proporti on and disso lved in distill ed 
water to obtain a clear homogeneous so luti on. To this, 
a so lution o f 10% AR gracle sodium hyd rox ide was 
added with constant stirring untill the prec ipit at ion 
was complete. The precipitate thu s obtained wa. 
digested on a water bath for 3 h. The prec ipit ated 
hydrox ide mi xture was subjected to ox idation by 
dropwi se additi on of 30% H20 2 w ith continuOLl s 
stirring. The precipitate was then washed with water, 
fi Itered and dried at 100°C. The prec i pi tate was 
homogeni zed well in a mortar and then heated in a 
furnace at 400°C for 4 h. The decomposed sample was 
then si ntered ina furnace at 800°C 1'0 1' 10- 12 II to form 
a so lid so lution except in the case of Fe20 1 sample. 

The compounds prepared by co-precipi tat ion 
method were ch aracteri zed by recording X -ray 
diflractograms. Surface areas were measured using 
l3 .E.T. nitrogen adsorpti on method (SM A RTSORl3 
91 ). FTIR analys is was made on a Shimadzu (model 
8 101 A ). Thermal anal ysis was done on a NETZSCH
Geratebau GmbH thermal analyzer to find OLit th e 
decompositi on temperature ancl thermal stabil it y . 
Magneti c suscepti bility in air were determined by 
Guoy method at r00 111 telllpe r~lturc in a fie ld or lile 
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order of 8000 gauss using {Hg[Co(SCN)_,]} as a 
stanclard materi al. Electrical resisti vi ty (p) of the 
prepared samples were measured by two probe 
method by recording coo ling cycles from 250°C to 
room temperature. B;lI1d gap energies of the samp les 
were measured usi ng diffuse reflectance spectroscopy 
(Shimadzu UV-2450)_ 

Photocata lyti c degradation of the diazo dye, 
Naphtho l Blue I3lack , was studied using prepared 
samples in the presence o r sunli ght during 11.00 am 
to 4.00 pm. Aqueous so lution of Naphthol Blue Black 
dye ( 1001111 of 10-5 M) was aerated with oxygen and 
kept in sunli ght 1'0 1' 4 h with 0_2 g of the catal ys t 
povvder. The photodegrada tion rate was detenni ned 
by measuring the absorbance of the dye solution after 
every hour using UV-vi sible spectrophoto meter 
(SPECTRO I 19). 

Results and Discuss ion 
The sa mp les prepared by co-precqJI tati on method 

have been characterized by recording the X-ray 
diiTractogram s. The riM / and 20 va lues obtain ed have 
been co mpared with the values reported in the 
litera ture crCDD-PDF fil es) and fou nd to be 
monophasic. XRD pattern o r Cel _, Fc,0 2 (x = 0, 0.1 , 
0.2 and 0.3) sintered at 800°C shows that pure CeOc 
has a cubic flu orite struct ure whil e pure FecO, is in the 
hexagonal phase and CeO ,)FeOI 0 2' Ceo.~ FeO.202 and 
CeO.7Fell :1 0 2 are in cubi c phase. It was observed that 
the crysta l lattice parameter decreases with in creasing 
Fe content. Thi s may be cl ue to inserti on or Fe into the 
Ce02 crys tal latt ice_ Since the rad ius of Fe:1+ ion is 
smal ler than th at o r th e Ce·l+ ion, the CeOc crys ta l 
lattice par;1Il1eter decrea ses. On increasing .r of 
Ce l_.,Fl\ Oc rrom 0.4 to 0_9, the XRD dirrracti on p 'aks 
duc to Ce02 became weak and Fe:cO \ phases we re 
observed. Only Lip to x = 0.3 for Fe in the Ce02 lattice 
solid so luti on is ronned. At hi gher values of x , 
monophasic so l u ti on could not be formed. 

Surrace areas obtained by using B.E.T. nitrogen 
adsorpt ion mcthod were in the range of 3.86-26.4 1 

m"/g (Table 1). FTlR studies were carried out to 
ascertain the metal-oxygen bonding natu re of the solid 
so lution in the range 1000-400 cnl l. Bands at 546 and 
450 em-I are observed in the samp les as .r increased , 
whi ch may be ass igned to the Fe-O stl-etching 
vibrati onal modes. These two bands arc ~; harp and of 
strong intensity in Fe20 3. 

The magnetic susceptibility (xJ of the samples was 
determined by Guoy method at room temperature 
emp loy ing a fi eld of 8,000 gauss. The gram 
suscepti bil i ty val ues obtai ned at room temperature 1'01' 

Cel_,Fex0 2 com pos itions are presented in Table I. All 
the samples are paramagnetic in nature and the gram 
susceptibi I i ty va l ue increased as the .r i Il creased_ Pure 
Fe20 3 is i"errim agneti c. 

Electri ca l resisti viti es (p) of th e sampl es were 
measured by two probe method during cooling cycles 
rrom 250°C to room temperature. Pl ots of log resisti
vity versus 1000/T ror Cel _, Fe,0 2 samples show that 
resi sti vity decreased with ri se in temperature indicating 
semiconductor behav iour o r these compounds. Solid 
so luti ons show higher va lue of p than Ce02 whi ch is an 
IHype semi conductor. Thi s may be clue to oxygen 
vacancies created by lower valent ions. 

The prepared sa mpl es were testeci ror 
photocata lytic degrada ti on of NBB using sunl ight. 
The NI3B dye showed absorption in the visible region 
at 6 18 nm in aqueous solut ion. The pn)gress or the 
photocatalyti c degradation was Illonitored by 
measurin g the absorban ce o r th e reaction mi xture at 
this wavelength . The optimum amoun t of catalyst 
required for so lar induced photocatal yti c degradati on 
o r NBB was found to be 200 Illg 1'0 1' 100 ml or the 
so luti on. The rate or dye degrada ti on inc re;lsed with 
increase in amo un t o r photocata lys t which may he 
attributed to the increase in th e ex posed surrace are;1 
o f the se mi condu ctor. Bul aner a cert;li n limit (200 
mg), if the amo unt of photocatal yst is increased 
rurther, there will be a saturation point. Acco rding to 
Kartal el (f 1. 7 the amount or photocatal ys t afrec ts both 
the Il umbe r of act ive sites O il photocat alyst as we ll as 

Salllp lc S urface: arca Magnc ti c , usccptibilil y P df l3and :;; '11 
( 1ll ~/g) (z~ cg' unil ) (B. M.) (c \l ) 

CcO: 7.36 2.9X x 10-" 1.00 3.0-1 
Cco<) FCO.I0 2 X.92 X_9X x 10 (' I.XO 
Ceo.SFcU . 20~ 5.02 11 .2 1 x 10-(' 1.95 2.oX 
CCo.7 Fcu . .10 2 3.X6 1-1. 37 x 10(' 2.1-1 

rc~o, 20.-+ t rcrrilll ;I;.! lh': li c 2. 17 
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the penetrati on of li ght th rough the suspension. A s the 
Imount of photocatal ys t increase, the number o f 
acti ve si tes increases although the penetrati on o f li ght 
into the suspension decreases due to a shi elding 
effec t. I t has al so been suggested by Sakthivel e l 01.1 2 

th at increas ing the loading of photocata lys t increases 
the rate of deacti va ti on o f acti ve sites by collisi on. 

Oxygen is an elec tron scavenger and traps the 
photogenerated elec trons from the conducti on band 
forming O2- ions, thus preventing the electron-hole 
recombi nationiJ

. I n the absence o f oxygen, elec t ron
hole recombi nat ion occurs thu s decreas ing the rate of 
degradati on. Similar results were observed by Zhang) 
and others(' who have reported th at d isso lved O2 in the 
reacti on plays an important ro le by trapping th e 
conducti on band elec trons forming super ox ide ions 
(O~-). This delays the elec tron-hole recombinat ion (02 
+ e- ---> O2-) while at th e same time H20 2 is formed 
from O2. 

Dye degradati on was studi ed at different pH 
conditions, pH which is one o f the important factors 
for the degradation becau se of the amphoteric nature 
of most of the semi conduc to rs l:'· I ~ . It has been 
observed that degradati on of dye is faster in alkaline 
pH. In alkalin e med ium, there is a greater probabi l ity 
o f th e formati on of hydroxy l radi ca l (O W ), which can 
ac t as an oxidant, thus increasing the rate of 
photodegradati on of the dye IS. 

The remova l efficiency is minimum at acid ic pH 
ran ge_ At alkaline pH , the negati ve surface o f the 
semiconductor w ith OH- ions acts as an efficient trap 
for the photo-generated holes and produce hydroxy l 
radi cals. At higher pH , the hydroxy l radical and O~

radi ca l can easi Iy di ffu se from the negati ve surface of 
the semiconductor into the bulk of the reacti on 
so lution. Hence, hyd roxy l radi ca l is responsib le for 
the dye degradation. 

In the absence of O2 and cata lys t the dye is unable 
to degrade on irradi ation w ith sunlight. Under solar 
irradiation, along w ith oxygen and cata lys t the dye is 
degraded completely with in a time of 240 minutes. 
Absorpti on spectra obtained after cOlllpletion of the 
N B B dye degradati on indicate that the degradati on 
products are colourless. Thus, the photocataly ti c 
degradati on provides an efTi cient way to minerali ze 
thi s tex tile diazo dye. 

The photocatalytic degradati on o f Naphthol Blue 
Black over different compositions o f Ce l_xFe,0 2 (x = 
0, O. I , 0.2 , 0.3 and 1.0) at neutral pH is shown in 

Fig. I . It was observed that concentration o f th e dye 
so lut ion decreased with irradiation time. CeOc had 
neg l igi ble acti vi ty for the degradation of N B B dye. 
Cerium-i ron so lid solutions showed hi gher photo
ca tal y ti c activity . A s x increases. the photocataly tic 
acti v ity increases and it is maximum for Ceo.~ FeO.:02 ' 

As the iron content increased in CeO~. acti vity 
increased. However, in the case o f CeO.7 FeO.,0 2. in 
spite of higher Fe lower acti vity than that of 
Ceo sFeo 20 2 was observed, but higher than for 
Ce()()FeO I02' Thi s Illay be becau se Ceo.7Feo.30 2 has 
lower surface area and also higher parti cle size than 
Ceo.S FeO.20 2 which may have resulted in lower 
ac tivi ty. Fe20 , showed higher activity because of high 
surface area and low parti cle size. Tab le I shows band 
gap energy of the representati ve samples. Lower the 
band gap energy, faster is the promotion of elec trons 
using v isible li ght. Also very low band gap may result 
in recombination of electron-hole pairs. Certain 
elec tron scavengers like O2 can be used to inhi bit 
recombination. The dye is degraded faster at pH 10 as 
shown in Fig. 2. When the sys tem is i l luminated by 
li ght of adequate wavelength , some electrons are 
promoted to the conduct ion band. Since the 
conducti on band shi fts toward higher potential , the 
energy of the electrons on the conducti on band is 
enough to reduce oxygen disso lved in aqueous med ia. 
Thus, the photoexcited electrons and holes on the 
solid solution can be separated effectively and have a 
longer l ifetime. Therefore, the increase in the 
photocatalytic ox idation-reducti on potenti al or the 
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Fig. I- Degradat ion of NBI3 dye ovcr CCI .,Fe,0 2 at ncutral fi ll. 
II. CC02; 2. x = 0. 1; 3 x = 0.2; 4. x = 0.3; 5. r e20 .1 1. 
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Fig. 2- Degradali on or N1313 dyc over CC1 ., Fc,0 2 al pH 10. 
II . CcO~ : 2. x = 0. 1: 3 x = 0.2: -I . x = 0.3 : 5. FC20 , j . 

semiconductor is infcrred to be thc ori g in o f the 
enhanced photoacti vity of Cel.xFc,0 2 sys tem. 

The degradat ion products were analyzed by hi gh 
performance liquid chromatography (HPLC) Ll sing 
Novapak C 18 column . The chro matogrdms obtained 
at diffe rent irradiation time indicate tha t degraded 
products are different fro l11 the original dye molecule. 
The fo rmati on of CO2, SO"C-, NO,- and NH / was 
identifi ed. Thi s obse rvation was similar to that 
reported earli er l5

. 

Many in vesti gators have suggested various 
mechani sms for the degradati on of dye po llutants~· ' ~ . 
Scheme I shows one of the possibl e react ion 
mechani sm wh ich is in concurrence to that observed 
by Galindo ef 0 / .

6 

On ex pos ure to solar radiati on, the semico nductor 
(SC) will be cxc ited to give SC*. Thi s cxc ited statc 
will prov ide an e lectron (e-) in th c conduction band 
leav ing a hole in the valence band . Thi s electron is 
then trapped by molecular O2 forming O2- ions. The 

SC ...... hV .. ... _ SC* 
SC* .. . . ... . . .. . _. C-Cll + h\ '13 
c'en + h+ VII . .. .... . . - Rccol11 b in ati o n~ heat 
C'CIl+0 2 . ... . . . . ... . ' - ' O2-
O2-+ 1-1 + . . ........ ... _. HOc' 
H0 2' +H02· ... . .. .. .. - .HZ0 2+02 

h+vn+O H- .... . .. _. OH' 
OH" +NBB ......... . _. degraded prod uct 

+ - :! -
(C0 2, N H~ . NO , , SO.) 

Scheme I 
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val ence band hole gcnerates hydroxy l radical (OH' ) 
from hydroxy l ions, wh ich ca n easily attack thc 
adsorbed dye, thus leading finall y to the ir compl ete 
mi ncra l izati on. 
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