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Changes in the microstructural characteristics of Degussa P-25 titania as a result of
calcination have been studied using XRD, BET and TEM. The photocatalytic activities of the
samples were also examined using the degradation of phenol as a model reaction. The
results indicate firstly that calcination significantly affects both microstructural
characteristics and photoactivity and secondly that there is an apparent relationship
between photocatalytic activity and certain microstructural characteristics. Over the range
of calcination temperatures and durations studied, the sample calcined at 923 K for 3 hours
revealed the highest photoreactivity, which can be ascribed to an improvement in
crystallinity on calcination. The increase in the rutile content and grain growth caused by
the calcination at higher temperatures were observed to decrease the photocatalytic
activities of the TiO, samples. © 1999 Kluwer Academic Publishers

1. Introduction not been demonstrated for photocatalysis by ;TiO
Nanocrystalline Ti@ heterogeneous photocatalysis [5].
has recently been the subject of many studies in the The size of TiQ particles has been demonstrated to
field of environmental protection. The process of theinfluence their photocatalytic activity, although there
photocatalytic degradation of organic pollutants byappears to be some disagreement in that Rieéial
the semiconductor powders has been considered tabserved that the photocatalytic degradation rate in-
be very promising because of its non-toxicity, low creases linearly with increasing anatase crystallite size
cost and high activity [1, 2]. However, if it is to be [3] whereas Anpcet al. have reported that for anatase
used practically, photocatalytic efficiency needs to bearticles in the range of 4-50 nm, photocatalytic activ-
improved. In particular, Ti@Q samples prepared and ity increased with decreasing TiQarticle diameter, an
treated by different methods exhibit a great variety inobservation which they attributed to size quantization
photocatalytic efficiency even though they have the10].
same crystal form [3-5]. Commercial samples have It seems obvious that a fundamental understanding
also been shown to exhibit photocatalytic activitiesof the factors affecting photocatalytic is necessary to
that can vary from batch to batch [1], since pho-make more efficient use of existing catalysts and pro-
tocatalytic properties may be influenced by physic-vide design criteria for new catalyst preparation, thus
ochemical variables, including particle size, surfacet remains a subject of great interest. Since commer-
area, surface crystallinity and the state of surface hyeial Degussa P-25 Tiis commonly used as a basis
dration. For example, the activity of the rutile phasefor comparison with TiQ photocatalysts prepared by
has been found to vary with preparation conditionsother procedures, a study of those microstructural fea-
[5]. tures relevant to the photoreactivity of P-25 jiénd

For photocatalytic reactions, it is quite common how they are affected by calcination should prove use-
for authors to use Langmuir-Hinshelwood kinetic ex-ful to developing a better understanding of the effect of
pressions to model reaction data [6-8], indicating thesample physicochemistry on photocatalytic reactivity.
importance of substrate preadsorption and thus surFhus this paper focuses on a detailed study of the sin-
face area. Studies do not conclusively support thigering characteristics and photoreactivities of calcined
interpretation however [9] and a clear relationshipP-25 TiQ, by using XRD, TEM, BET and photocat-
between surface area and photocatalytic activity haalytic degradation.
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2. Materials and methods 2.3. Photocatalytic evaluation
2.1. Catalyst and treatment All the experiments were carried out using the same
Commercial Degussa P-25 Ti@as used as supplied. cylindrical annular batch photoreactor. The reactor has
Samples were heat treated in a conventional muffle furan internal volume 2 | with the UV lamp positioned
nace at 873,923, 973, 1023, 1073, 1173 and 1273 K foon the axis inside a quartz immersion well. lllumina-
three hours. Some samples were calcined for extendeibn was provided by a 400 W medium pressure mer-
durations of six and twenty-four hours at 873 K to ex- cury lamp (Phillips HPA 400/30s) held in the immer-
amine the effect of calcination time. Both the calcinedsion wall and cooled by air at a flowrate of 20—40 I/min,
titania samples and the original Degussa P-25 poweepending on the ambient temperature. The light inten-
der then underwent physical characterisation as webity after passing through both the filled cooling jacket
as evaluation of their photocatalytic performance. and reaction suspension was continuously monitored
at a wavelength of 365 nm using a radiometer (Vilber
Lourmat CX-365) in a fixed position corresponding
2.2. Catalyst characterisation to the centre of the lamp. The intensity after passing
Powder X-ray diffraction (XRD) was used for crys- through pure water was measured to be 48 m\§/cm
tal phase identification, estimation of the anatase tdhe reactor was maintained at isothermal condition by
rutile ratio and of the crystallite size of each phasepassing chilled water through the cooling jacked of
present. XRD patterns were obtained at room temthe immersion well. Oxygen was continuously sparged
perature with a Philips PW1831 diffractometer usingthrough a porous glass frit at the bottom of the reac-
CuK, radiation. The primary particle size was esti- tor at a fixed flow rate of 1 I/min. A schematic of the
mated directly from Transmission Electron Microscopy photoreactor is shown in Fig. 1.
(TEM) micrographs of powder samples. For TEM For the degradation experiments, between 0.15 and
analysis, samples were prepared by dispersing the powl-0 g of the selected TiDsample was suspended in
ders in methanol and allowing a drop of the resul-1.5 | of ultra-pure water. Phenol was selected as a
tant suspension to dry on a carbon support film covimodel pollutant for the photocatalytic degradation ex-
ering a standard copper grid. TEM observations wergeriments because it is a non-volatile, common con-
carried out using a JEOL JEM-2010 Electron micro-taminant in industrial wastewater. The initial concen-
scope. A quantitative study of the specific surfacetration of phenol in dispersion was fixed at 40 mg/I
area, total porosity and pore size was performed usand the initial pH of the dispersion was adjusted to
ing a Micromeritics ASAP 2000 nitrogen adsorption 3.0 by the addition of sulphuric acid [5]. Both were

apparatus. monitored periodically thereafter. All experiments were
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Figure 1 Schematic of the annular batch photocatalytic reactor.
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performed at a solution temperature of 300 K for a re-and anatase. Based on the respective peak intensi-
action time of 150 min, with samples being taken forties, the rutile content in the original powder of P-25
analysis every 15 min. Since the overall goal of the wa-TiO, can be calculated from the following Equation
ter treatment process was the complete destruction ¢i.2]:

the organic pollutant—i.e. conversion to carbon diox-

ide, water and the oxidised inorganic anions of any het- A\t
eroatoms present [11]—the rate of disappearance of X = <1+ 0.8|—>
Total Organic Carbon (TOC) was considered a key per- R
formance indicator and a Shimadzu TOC-500 analyser

was used to determine the extentofmineralizationinthé(\’herex IS the weight fraction of “.mle n _the pow-
samples. ders, whilela and Ig are the X-ray intensities of the

anatase and the rutile peaks respectively. The result in-
dicates that there is 23.5% rutile, which is intermediate
of the values presented by Beekal. (25%) [13] and

by Bickley et al. (20%) [14]. Calcination at 873 K for
both 3 and 6 hours (samples 2 and 3) resulted in virtu-
ally no change in the relative intensity of both peaks,
while after calcination for 24 hours (sample 4) the

with calcination . ) WO
0,
Fig. 2 illustrates the X-ray diffraction (XRD) patterns rutile content increased to 38.1%. This indicates that
the transition of anatase to rutile is slow at a calcina-

of the samples before and after calcination. The XRD; - 0 o4 ve 0f 873 K. On increasing the temper-
pattern of the parent P-25 Ti(powder in Fig. 2 re- P ; 9 P

veals the peaks of anatase (101) and rutfe (110) T80 B TG JEIES AR %L T R
20 = 25.4° and 275° respectively, indicating that the 9 y P

i . N . .~ creased. For Ti@calcined at 1073 K for 3 hours (sam-
bulk P-25 TiQ; composition is a mixture of rutile ple 8), the anatase peak disappeared. These features are

consistent with the observations that the transition of
anatase to rutile is immeasurably slow for calcination

1)

3. Results and discussion

3.1. The effect of calcination on the
microstructure of P-25 TiO,

3.1.1. The variation of crystal composition

Calcination Conditions: below 800 K, but is rapid at temperatures exceeding
1. Urigaicined P25 1000 K [14]_. An earlier st_udy on the kinetics of the
5 873 K for 3 hour anatase-rutile transformation has shown that the trans-
) or 2 hours formation involves an overall contraction or shrinking
3. 873 K for 6 hours of the oxygen structure and a co-operative movement
4. 873 K for 24 hours of ions. The transformation needs to overcome both a
5. 923 K for 3 hours strain energy for the oxygen ions to reach their new
6. 973 K for 3 hours configuration and the energy necessary to break the Ti-
71023 K for 3 hours O bonds as the titanium ions redistribute [15]. A high
8. 1073 K for 3 hours activation energy is required fO'I‘.thIS process (over 420
> for 3 h kJ/mol) and so the phase transition takes place only at a
@ 9. 1173 K for 3 hours high temperatures. The rutile content of all the samples
g 10. 1273 K for 3 hours have been listed in Table | and clearly, it rapidly in-
- creases under calcination at temperatures greater than
= 923 K.
= 10
[z
e 9
2 TABLE | XRD and TEM results for heat treated and raw Degussa
£ P-25
7
Crystallite size? .
Calcination conditions (nm) Prlmary
Percent - particle
Temp. (°C) Time(h)  rutile Anatase Rutile size (nm)
0 0 233+17 206 144 1525
600 3 241421 229 179 1525
600 6 240423 236 259 —
600 24 381+18 259 287 20-40
0 0 233+17 206 144 1525
600 3 241421 229 179 15-25
650 3 287+12 267 348 —
700 3 556+20 308 519 30-50
i f { ’ ! 750 3 912420 382 759 —
24 o5 26 o7 o8 800 3 97.3+15 1293 100-200
900 3 993+ 1.0 200-300
Bragg Angle - 2 Theta (degrees) 1000 3 995+ 0.5 200-400

Figure 2 Effect of calcination on the crystal structure of Degussa P-25. 2Determined using Scherrer's equation (applicable from 3-200 nm).
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3.1.2. The variation of crystallite size and peak shape the higher is the crystallinity. For an im-
crystallinity provement in crystallinity to be evident, XRD results
Phase transformation is generally accompanied witlshould show that the peak height and the signal to noise
crystal growth. The crystallite size can be determinedatio increase. From the XRD patterns of P-25 FiO
from the broadening of corresponding X-ray spectralbefore and after calcination, shown in Fig. 2, a defi-

peaks by Scherrer’s formula [16]: nite change in the peak shape was observed. For ex-
ample, the peak shape of anatase in samples 2 and 3

K- @) (calcined at 873 K for 3 and 6 hours, respectively) is

" B -cosh visibly narrowed as compared with the parent P-25 sam-

ple. It has previously been observed that Degussa P-25
wherelL is the crystallite size). is the wavelength of consists of amorphous material, besides anatase and ru-
the X-ray radiationK is usually taken as 0.94,is the tile [19]. It is unsurprising therefore, that an apparent
line width at half maximum height. The line widt,  transformation of the amorphous material to anatase,
was corrected for instrumental broadening by employ-and thus an increase in crystallinity, were observed after
ing the patterns obtained for large-sized rutile 7id-  calcination.
der the same experimental conditions. The crystallite
sizes of each phase present in the samples are listed in Lo
Table I. From the results we can see that a smallincreas® -3- The variation of surface area and
in the anatase crystallite size was observed after calci- porosity with calcination _
nation at temperatures below 923 K. Over 973 K, theBET results for the surface area, pore size and pore
increase becomes more obvious, however, a much moMolume are shown in Table Il. The surface area of the
significant increase in crystallite size was observed foParént P-25 powder is 543y, which is in good agree-
rutile. For example, at 1023 K (sample 7) the size ofent with a value of 55 fig reported by Mineret al
the anatase crystallites doubled whereas the rutile siZg€0], but larger than that reported by Sclafaial
increased by a factor of five. (44 nt/g) [5]. Its pore volume is only 0.0246%y.

Fig. 3 shows TEM micrographs of several samples.s'”ce uncalcm_ed Degussa P-25 consists of agglomer-
The TEM image of the original P-25 TiOconfirms ates of crystalllte_s [5], such a low porosity means that
the 15-25 nm size range of the primary particles. At dhe surface area is largely externql to the agglomerates
calcination temperature of 873 K, there is little increase@nd the pore volume measured is mainly located be-
in crystallite size over the original P-25 for up to 6 hours tWeen the agglomerates (interagglomerate pores). At a
and only minor grain growth was observed even aftef€émperature of 873 K, the surface area, pore size and
calcination for 24 hours. Rapid grain growth began afPoré volume only changed slightly for calcination be-
973 K, accelerated with temperature and, by 1173 ktween 3 and 6 hours. However, when the calcination
the grain size had increased by a factor of 10. Indeed0k place for 24 hours, the surface area decreased by
mere visual inspection showed that after calcination a?O% and the pore size increased slightly. This could be
1073 K for 3 hours the fine commercial powder samplednterpreted as resulting from the fast intra-agglomerate
became densified aggregates. Hence, at temperatur‘é%ns'f'cat'on or intercrystallite sintering within the ag-
above 973 K, phase transformation and grain growtrlomerates, since the XRD results showed that the
appear to occur simultaneously. mean crystalllte_ size increased. Such sintering invari-

Hagueet al. have presented a model for the phasegblyleadsto shrl_nklng ofthe ggglomer_ates and elimina-
transformation and crystal growth process of nanocrystion of the small intercrystallite pores in the agglomer-
talline titania [17]: as a sample is calcined at approxi—ates and thus slightly mcrgased the mean pore diameter.
mately 873 K, anatase crystals within agglomeratedVagneret al. also considered that the small pores
become sintered, thus the crystals grow througH”S'de the agglomerates have higher sintering rates
coalescence—transforming the original agglomeraté21]-
into a single anatase grain. At the same time rutile nu-
clei begin to form and grow through the anatase matrix.

Once the anatase-rutile transformation is complete, th
rutile grain size is much larger than the original ag-
glomerate and no longer nanocrystalline. A previousCalcination conditions

ABLE Il Nitrogenadsorption (BET) results for treated and untreated
egussa P-25

Surface area Pore size Pore volume

mod(_al developed by Edelson.a_md _Glaeser [18]_ propose, o) Tme)  (ntig) (nm) (/)
that intra-agglomerate densification and grain growth
occur relatively rapidly compared to interagglomer- 0 0 54,09+ 0.39  1.829 24.% 1073
ate densification. The results presented here appear t600 3 53.28£0.53  1.828 24.4¢ 10 2
be consistent with both models. The observation that®%° 6 5227068 1.836 24.0¢ 1077
. : : 24 45.26£0.39  1.902 21.5¢ 107
rutile crystallites grow much more rapidly than anatase
: TR, 0 54.09+ 0.39  1.829 24.% 1073
at high temperatures suggests that a qualitative inter- 3
. ; 3 53.29+ 0.53  1.828 24.4 10
pretation of the relative order of the rates of the three ggq 3 4685055 1.833 21.5 10-3
processes would be: intra-agglomerate densification 700 3 34.23t 042  1.829 15.% 1072
anatase to rutile transformation interagglomerate 750 3 18.5:£0.23  1.825 8.4¢ 1073
densification 800 3 13.92+ 0.28 1.796 6.3 1073
s - o L 900 3 7.088£0.16 1.761 3.1x 1073
Of specialinterestis the variation of crystallinity with 3 3978014 1693 1% 103

calcination. Itis generally believed that the sharper the
1526




When the calcination temperature exceeded 973 Kdiffer by an order of magnitude. The pore volume and
the surface area, pore size and pore volume began surface area of P-25 calcined at 1273 K (sample 10)
decrease significantly. Specifically, the total porositywere less than one tenth of the original values of the
began to decrease rapidly above 1073 K. It is interestuncalcined powder. Such a decrease implied that fur-
ing to note that the changes observed in pore diamaher microstructural changes took place. TEM and
ters for samples calcined above 973 K are comparaXRD observations have shown that during calci-
tively small, whereas the pore volume and surface aremaation at higher temperatures, crystal growth and

1182 P25 7531

P25 ¢ — m—
Hﬁxk“gas%w 188K Sina EN1139 200.8KV X108K Senm

© (d)

Figure 3 TEM Micrographs representative of the following samples: (a) Uncalcined P-25; (b) Calcined at 873 K for 3 hours; (c) Calcined at 873 K
for 24 hours; (d) Calcined at 973 K for 3 hours; (e) Calcined at 1273 K for 3 h¢@ositinued)
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TABLE |1l Effect of concentration of untreated Degussa P-25 on

TOC removal

Mass of P-25

in1.5dn? of  Lightintensity = Percent TOC Efficiency
solution (mWi/cr) conversion (%TOC/dRh g)
0.00 27.00 14.% 3.8 —

0.15 3.40 64.4- 0.6 1145

0.25 1.06 66.4- 1.2 70.8

0.50 0.12 74.6:1.1 39.8

1.00 0.03 76.10.5 20.3

without TiO, and a 14% reduction in TOC was achieved
under these experimental conditions. This result indi-
cates that some photolytic degradation occurred and
thus any degradation observed for photocatalytic ex-
periments may be as a result of both photolysis and
photocatalysis. Other experiments were carried out us-
ing different catalyst concentrations and the results
demonstrate that the nanocrystalline TiPowders
have high photocatalytic reactivity, as measured by phe-
nol degradation. When the catalyst loading was only
TI82 P25 1053 - 0.15 g in 1.5 | of suspension, the TOC disappearance
e - reached 64.4% in a reaction time of 2.5 hours. The
© TOC conversion was observed to increase with increas-
ing TiO, loading until a plateau is reached at a con-
Figure 3 (Continued) centration of over 0.5 g in 1.5 | of reaction solution,
when light absorption by the suspension reached al-
r{nost 100%. Unsurprisingly, these results indicate that

The development of the pore structure is determine hen operating in a regime of high photon absorption,

largely by the degree of the agglomeration of the IOOW_urther increase in catalyst concentration results in lit-

ders. With the crystal growth and the interagglomera—t.le enhancement of the degradation efficiency since the

tion, the interagglomerate distance decreases and Coﬁ%ﬁh@ﬁﬁg?&gﬁg rf;f&giﬁgmﬁzzgiz l;é)r;lc\)/ge?-
sequently the pore size distribution shifts to smaller ’ y P y

pores. This means that the pore narrowing is a natu§mal| region near the UV-lamp and under such condi-

ral consequence of the marked increase observed intt%ms the small ratio of irradiated volume to total reactor

grain size. In addition, the appreciable drop in pore VOI_volume is unfavourable for an efficient photochemical
: ' process [22].

ume is most likely attributable to destruction of the in-
teragglomerate pores. This destruction could occur by

physical collapse or flattening of the remaining pores3.2.2. The effect of catalyst composition
as the interagglomeration proceeds, thus enclosing a and crystallinity on photoactivity
significant portion of the pore making it inaccessible photocatalytic degradation experiments were carried
to nitrogen adsorption or condensation—resulting ingyt using the samples calcined under different con-

a marked decrease in both the surface area and thfitions and the results are listed in Tables Ill and IV.
pore volume. Hence the nitrogen adsorption results pro-

duced further support for the model proposedforphasgABLE IV Photocatalviic activ _ ¢ treated and
transformation and grain growth of nanocrystalline otocatalytic activity comparison of freated and un-

interagglomeration accompanied the phase transitio

treated Degussa P-25

titania [17].
Calcination conditions
Light Percent
. . Temp. Time intensit TOC Efficienc
3.2. The photocatalytic properties of (OC)p ) (mW/m%’) comversion  (TOC! ¥ 2
Degussa P-25 TiO, samples

3.2.1. The effect of catalyst concentration 0 0 1.06 66.4t1.2 70.8

on catalytic efficiency 600 3 2.00 68 1.1 733
An initial series of experiments were carried out using 690 6 1.40 64.9:0.6  69.2
differentamounts of P-25 Tigas received, without cal- 24 1.90 914 633
cination. The results are presented in Table Ill. Here, ° g ;'%g 2‘;‘% ﬁ ;g'g
conversion is defined as the percentage of the origi-gg, 3 250 74504 795
nal TOC that has disappeared after 2.5 hours reactiorygg 3 6.50 58.0- 1.6 61.9
time in the reaction system employed here. The photo-750 3 7.50 26511 283
catalytic efficiency is defined as the conversion of TOC ggg : 122 ié& gg ig-g
per hour and per gram of the catalyst per litre ofsuspeniOOO 3 160 laos 126

sion. The first experiment in Table Il was performed
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74 1 All samples were calcined at 873 Kelvin.
The result for uncalcined Degussa P-25 is shown
at a calcination time of 0 hours.

Efficiency (%TOC/dm3.hr.g)
(o)} (o2} [0)] ~l
A~ (o)) o) o

[o)]
N
Il
T

1
T T T 1

10 15 20 25
Calcination Time (hours)

(o2}
o
o
m -

Figure 4 Effect of calcination time on phenol (TOC) degradation.

Fig. 4 shows the effect of calcination time on TOC con-and rutile content and we believe it is primarily due to
version using the Ti@samples heat treated at 873 K. an improvement in crystallinity, shown by XRD. Sim-
Only a slight change in photoactivity was observed forilar improvements in photoactivity have been obtained
samples calcined for 3 and 6 hours (samples 2 antbr other titania powders fired at a temperatures lower
3, respectively) although TOC conversion was signif-than 923 K [5].
icantly reduced for the sample calcined for 24 hours
(sample 4). This is in agreement with the XRD and
BET results mentioned previously in that there was3.2.3. The effect of crystallite size on
only significant increase in the rutile content and de- photoactivity
crease in the surface area observed for the sample cdfig. 5 also shows that, for those samples calcined
cined for a long time (see Table 1). It appears thatat temperatures greater than 923 K, photoactivity de-
the distinction between both crystal structure and surereases with increasing calcination temperature. XRD
face are effects on TOC conversion is difficult, how-and TEM measurements have indicated that at temper-
ever, comparing the sample 4 with sample 5 (cal-atures exceeding 973 K, phase transformation and sin-
cined at 923 K), both have a similar value of surfacetering proceeded rapidly. The former process increased
area (45.26 rfig and 46.85 1f/g), but the latter has a the proportion of the inactive rutile phase and the latter
lower rutile content (28.7% versus 38.1%) and revealsncreased the grain size. Larger grain sizes resulted in
higher conversion (74.5% versus 59.3%). Several preincreased light transmission since densification of the
vious reports have mentioned that the anatase form agfgglomerates made the powder more difficult to dis-
TiO, has somewhat larger band-gap energy than rutil@erse and the data shown in Fig. 6 support this. Thus
(Eg = 3.23 versus 3.02 eV, respectively) and showsincreasing calcination temperature resulted in reduced
a higher reactivity. Rutile is also believed to be a rel-utility of UV light and lowered photocatalytic effi-
atively poor photocatalyst due to its higher electron-ciency. For P-25 calcined at 1273 K (sample 10), the
hole recombination rate [23-25]. Thus we can tenta-TOC conversion observed was only 11.8%—indicating
tively conclude that the lower activity of the sample 4 that its absorption of the shorter wavelength UV radi-
is more likely attributable to an increase in rutile con-ation (responsible for the photolytic reaction) was not
tent in the sample rather than the reduction in surfaceompensated for by the material’s low photocatalytic
area. activity. Thus the TOC conversion observed was lower
Fig. 5 shows the photoreactivity of P-25 Ti®@al-  than that due to photolysis alone.
cined for 3 hours at different temperatures. From 873
to 923 K, calcination resulted in an increase in activ-
ity and P-25 calcined at 923 K revealed the highes#. Summary
activity of the conditions examined. BET and XRD re- The microstructure characteristics of Degussa P-25
sults indicate that the surface area decreases, the rutiléO. calcined under different conditions have been
content increases and the anatase crystallite size astudied using XRD, BET, and TEM. Their photore-
crystallinity increase as the calcination temperature inactivities were also evaluated using phenol minerali-
creases from 873 t0 923 K. The observed rate enhancé&ation as a test reaction. The results indicated that af-
ment cannot be explained by the change in surface ardar calcination at 873 K for 3 hours and 6 hours the
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Figure 5 Effect of calcination temperature on phenol (TOC) degradation.

structure parameters did not change significantly, but This study has provided some additional insight
after 24 hours at the same temperature, the rutilénto the reasons for photocatalytic activity or inac-
content obviously increased. As the calcination temdivity of heat treated Degussa P-25 titania. Of the
perature increased beyond 973 K the crystal sizemany microstructure characteristics that may affect
rapid increase in the rutile content and reduction inphotoactivity—such as the surface crystallinity, crystal
the surface area were observed. The photocatalytisize, rutile content—most were subject to reasonably
activity of the samples showed that for the sam-large variations over the range of treatment conditions
ple treated at 873 K for 3 and 6 hours, the pho-employed. Although it was not possible to completely
toreactivities do not show much difference againstdecouple the effects of each of the different parameters,
the activity of the uncalcined TiQpowder, but de- theresults presented here appeartoindicate dependence
creased for the sample calcined for 24 hours. Atof photocatalytic reactivities on certain microstructure
temperatures greater than 973 K, the photocatalyticharacteristics. Among those factors examined, anatase
activity decreased significantly with calcination tem- crystallinity and grain size have been observed to be im-
perature. The sample calcined at 923 K for 3 hourgortant. Conversely the effects of prolonged calcination
showed the highest degradation efficiency under theand calcination at high temperatures are detrimental to

conditions employed in this study. the photocatalytic activity of Degussa P-25.
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Figure 6 Variation of pore volume and average grain size with transmitted light intensity.
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