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Titanium dioxide was deposited on the native Jordanian zeolitic tuff.
XRF, XRD, SEM and FTIR techniques were used to characterize the
chemical and structural properties of modified and unmodified samples.
The zeolitic wiff supported titanium oxide was used in preliminary experi-
ments to study their intéraction with aqueous phenol solution under thermal
and photochemical conditions, in the presence and absence of hydrogen
peroxide. The results showed that titanium oxide has interacted with
zeolitic twff and caused some structural changes. These were reflected in
the surface area of the samples and their activity in the phenol reactions.
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INTRODUCTION

Zeolitic tuff deposits, rich in Phillipsite, were first discovered in Jordan in 1987
in the eastern part of the country at Jebal Aritain'; since then zeolites have also
been found in other localities, mainly in the basaltic areas in the northeastern
region of Jordan®*. The chemical and physical properties of the Aritain zeolites
are similar to those found in Italy. However, their ammonijum exchange and
moisture adsorption capacities are found to be higher than those of the Italian
zeolites®. Besides phillipsite other species were found in these deposits, they are
mainly faujasite and chabazite. It is interesting to note the presence of relatively
rare faujasite in Jordanian tuff formations*. The unique combination of physical
and chemical properties of zeolites makes them suitable for a wide range of
applications in industry, agriculture, medicine and environment®,

The present work plans to try and impart some useful properties on the local
materials with the object of widening their applications to include their possible
use in the removal of pollutants from an aqueous media.

Towards this end zeolitic tuffs from Jebal Aritain are selected because of their
known zeolitic contents'. The inhomogeneity of the zeolitic tuff is emphasized
by the predominance of the phillipsite with its rather narrow pore size, along site
and chabazite with their greater ability to accept molecules, such as organic
phenolic pollutants, into their structure.

*Basic Science Dcpartmem. Prince Abdaullah Bin Ghazi Faculty of Science and Information
Technology, Al-Balqa Applied University, Al-Salt, 191 17, Jordan.
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Phenols, particularly chlorophenols, whether from the chlorination of water or
from industrial and agricultural sources, are serious pollutants of water and
soils™ '°. It has been reported that “concentration of phenols in unpolluted waters is
usually less than 0.02 mg L™"".!'! However, the WHO’s “Guidelines for drinking
water quality” gives the level of phenols for drinking water'? as 0.001 mg L™,

Chlorinated compounds in the soil and in water sources have been found in some
areas of Jordan'®. One serious possible source for that is the excessive use of
chlorinated pesticides in Jordan valley'*.

It was therefore decided to investigate the possible modification of Jordanian
zeolitic tuff by titanium oxide to improve their surface properties that could
enhance their use as agents for removal of phenolics from aqueous solution using
both thermal and photolytic reactions with and without the presence of hydrogen
peroxide. The preparation and characterization of these modified tuffs are reported
in this paper together with the preliminary results of their possible use for the
removal of phenol from aqueous solution.

EXPERIMENTAL

Preparation of starting materials

Raw zeolitic tuff samples (Z) from Jebal Aritain in Jordan were kindly donated
by the Natural Resources Authority (NRA), Jordan. The zeolitic tuff rock was
crushed gently by hammer and hand ground by a glass rod. The ground material was
sieved at different meshes, and the portion with particle size 500~1000 um was
selected for the purpose of this investigation.

The sample was passed through a magnetic separator (high dry magnetic
separator model MIH-13) at NRA, which gave two samples: one with high iron
content (MZ) and the other with low iron content (NZ). The sample with low iron
content was divided into three portions; the first was left unwashed (NZ), the second
was subjected to brine water washing (BZ) and the third was washed with distilled
water (DWZ). To ensure their zeolitic contents the samples were characterized by
their powder XRD patterns.

Washing with brine: 100 g sample was treated with 2 M NaCl solution (250
mL) with stirring for 1 h at 500 rev/min. It was allowed to settle and supernatant
was washed with distilled water several times until no chloride ions were deleted
in the eluted water, by using AgNO, solution.

Washing with distilled water: A sample of 100 g was washed three times
with distilled water using mechanical stirrer 500 rev/min for 1 h.

All the samples, the magnetic and the nonmagnetic, the washed and the
unwashed were dried in an oven overnight at 105°C and were kept in a desiccator
over anhydrous CaCl,.

Preparation of Titanium Dioxide: Titanium dioxide was prepared by means
of TiCly hydrolysis at room temperature; 10 mL of it was added gradually to 400 mL
of distilled water. The mixture was subsequently neutralized with 50 mL 25%
ammonia solution and stirred for 2 h, filtered, dried at 100°C and kept at 250°C in
muffle furnace for 16 h and then kept desiccated over anhydrous CaCl,.

Modification of Zeolitic Tuff samples with Titanium Dioxide (TiO,)
A 10 g portion of the prepared tuff samples was stirred with distilled water
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(400 mL) for 5 min. Then 10 mL of TiCly (0.091 mol) was added gradually to
the mixture at room temperature. The mixture was subsequently neutralized with
50 mL 25% ammonia solution and stirred for 2 h, filtered, dried at 100°C and
kept at 250°C in a muffle furnace for 16 h. The above procedure gave the TiO,
loaded samples TZ, TMZ, TNZ, TDWZ and TBZ.

Characterization of Zeolitic Samples

All samples were characterized by ascertaining their chemical composition,
mineral constitution and chemical characterization, as well as their surface
morphology and adsorption capacity.

The chemical composition was determined by XRF technique at JNRA. The
instrument used was Diano-2023. The operating conditions were followed as
presented by the manufacturer. Thus, 0.8 g of the sample was thoroughly mixed
with 7.2 g of lithium tetraborate (Li,B,0,) in a platinum crucible, which was
introduced into an automatic fluxer (Leco Corp. model FX-200) where a
temperature program was affected starting from room temperature to 1200°C. The
melt was then poured into a casting dish and allowed to cool. The resultant glassy
disk was used for XRF analysis. The mineral constitution of the samples was
determined at JNRA by powder XRD technique, using X’pert instrument fitted
with a Phillips X-ray tube giving CoK radiation at A = 1.77892 A, at 40 kV and
40 Ma. The chemical characterization of the samples was investigated by FTIR
spectrometry using a KBr matrix. The instrument used was a Jasco FTIR-410
spectrophotometer, of scanning range between 4000-400 cm™'. The surface
morphology of the samples was studied using scanning electron microscope
(SEM) type XL-30 W/TMP/2000 at 20 kV. All samples were carbon plated.

Surface Area Estimation

The surface areas for samples were estimated using the methylene blue (MB)
method'’. Methylene blue adsorption can be used for the measurement of surface
areas of clay minerals'®'". The method has advantage over BET gas adsorption
measurements in being readily applicable to a wide range of areas and especially
to minerals under aqueous conditions. The method is simple, rapid and economi-
cal'8, Weight samples of adsorbent in the range 15-105 mg were placed separately
in 250 mL stoppered Erlenmeyer flasks and 100 mL of 50 ppm methylene blue
solution was added to each. To achieve equilibrium for the adsorption of dyes by
clay minerals an incubation period of 12-24 days has been reported'®. In the
present study the mixtures, together with a control sample of MB, were left in
subdued light at room temperature for a long period of six weeks to be sure that
equilibrium is reached. Spectrophotometer analysis of adsorbate solution was
carried out with a Milton Roy-Spectronic-1201 in 10 mm silica sample cells,
using the calibration Beer law plot at A = 612 nm. ‘

Reactions of Aqueous Phenol

Reactions of aqueous phenol in the presence of the modified and unmodified
zeolitic tuff samples were carried out both thermally and photochemically as
follows:
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Thermal reaction of aqueous phenol in the presence of hydrogen peroxide:
In these reactions, the reaction mixture contained 5000 ppm phenol, to which was
added H,0, (33% v/v), so the total volume of mixture was 150 mL containing
1/65% (viv) HyO,. When preparing the standard stock solution, care was taken
to ensure that complete dissolution of phenol had occurred. The reaction flask
was held in an oil bath at a temperature of 20+2°C, which allowed easy follow-up
of the reaction with time. The reaction mixture was continuously stirred at
moderate speed. Portions of 0.2 mL each were drawn at certain time intervals and
transferred into sample bottles (25 mL) fitted with screw caps. A 0.25 mL sodium
sulfite solution (0.5 m) was immediately added to completely reduce the

“remaining H,0, and terminate the reaction.

For thermal catalytic reactions 0.15 g was taken from the prepared catalyst
sample and introduced into the reaction vessel and the same procedure was
followed.

Photochemical reaction of aqueous phenol with hydrogen peroxide: In
reaction mixture containing (5000) ppm phenol, to which (33% v/v) H,O, was
added. So the total volume mixture is (150 mL) contained (0.22% viv) H,O,. The
reaction mixture was continuously stirred at moderate speed. Portions of 0.2 mL
of the mixture were withdrawn at certain time intervals and transferred into
sample bottles (25 mL) fitted with screw caps. Sodium sulfite solution was
immediately added (0.2 mL, 0.5 M) prior to analysis.

For photocatalytic reaction the above procedure was repeated with addition of
0.15 g of each of the prepared catalyst samples.

Analysis of Phenol

The procedure followed for the spectrophotometric determination of phenol in
aqueous solution was according to that described by Blo er al.®®. Samples were
derivatives after successive additions of the following reagents: 0.5 mL 4-amino
antipyrine (4-Aap), 2% 2 mL KCI1(0.05 m), 1 mL AgNO; (0.08 M), 2 mL borax
(pH 9) and 1 mL dextrin (0.6% wiv). The volume of the mixture was increased
by distilled water to 25 mL in the screwed sample bottles, which were placed in
water batch at 41 + 2°C for 45 min before analysis.

After derivatization, the sample bottles were allowed to cool, and then the
‘content of each was transferred to a separatory funnel containing 75 mL distilled
water. About 12 mL CHCl; were then added and separated in separatory funnel.

The chloroform extract was collected in a 25 mL flask and the volume was
completed to the mark. A 2.0 mL portion was withdrawn by pipette and placed
in a 10 mL screwed cylindrical glass tube, diluted by adding 6 mL CHCl;. For
photochemical reaction in aqueous phenol, because of lower concentration of
phenol used, the separation of the derivatized phenol was extracted by 5 mL of
CHCl,, before spectrophotometric concentration measurements.

The phenol concentration of the final solution was determined using spectro-
photometric measurement at 455 nm. To obtain calibration curve for phenol, the
following standard solutions in H,O were prepared: 4, 8, 12, 16 and 20 ppm;
" these standards were then subjected to the above analytic derivatization procedure
before spectrophotometric measurement were carried out.
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RESULTS AND DISCUSSION

Characterization of titanium dioxide samples

XRD pattern of the prepared TiO, sample is found to be identical with peaks of
anatase given in the XRD card No 21-1272 of Joint Committee on Powder
Diffraction standard (JCPDS), as shown in Table-1.

TABLE-1
“ POWDER XRD PEAKS FOR TiO,

TiO, sample JCPDS (card no. 21-1272)
20 I+ 20 I/1*
29.45 100 29.44 100
4437 39 4420 20
56.31 31 | 5643 35
63.87 24 63.50 20

*Normalized values.

The FTIR results showed two broad peaks, one about 467 cm™ while the other

“weaker at about 689 cm™ and the weak shoulder at 793 cm™'. These agree with the

reported values of anatase TiO, peaks, which are: strong band between 525-460,
broadband at 700 cm™ and the shoulder at 790 cm™.'°

Chemical composition of zeolitic samples

All zeolitic samples were analyzed by XRF to determine their chemical compo-
sition; the results are given in Table-2. The difference from 100% is loss on
ignition. : '

The indicator ratios for zeolitic samples, i.e., SiO,/Al,0; and (Mg + Ca
+ Na + K) oxides/Al,O; are given in Table-3. The resulting oxides are typically
> 2 for the former and 1 for the latter. These indicator ratios fall in the right range for
typical zeolites, thus showing the zeolitic nature of the tuff samples.

TABLE-2 -
CHEMICAL COMPOSITION OF MODIFIED AND UNMODIFIED ZEOLITIC SAMPLES

Oxide

(%) , |
Fe,O5 12,19 1082 1571 1353 254 208 146 150 2.03 1.24
“MnO 0.i14 000 023 000 000 000 GO0 000 000 000
TiO, 330 3575 344 3904 097 3589 080 3590 095 41.18
Ca0 706 000 556 000 1095 ..0.00 | 917 000 1228 000
K,0 1.03 016 075 005 310 065 236 066 2.93 0.61
P05 022 000 024 001 021 000 018 000 025 000
Si0z 3578 23.86 3470 2148 40.56 2537 5644 24.13 41.15 21.00 |
ALO; 1004 047 9.2 001 1425 054 1045 045 14.13 000
MgO 9.81 686 1130 710 297 169 229 175 3.6 1.41
Na,O 1.95 000 149 000 18 000 333 000 274 000
LO1 1821 22.08 17.46 1879 2236 33.78 ~13.52 3561 20.02 34.56

zZ TZ MZ TMZ - NZ  TNZ DWZ TDWZ BZ TBZ
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TABLE-3
INDICATOR RATIOS FOR ZEOLITIC SAMPLES
Sample Si0y/AL,O3 (Mgo ;ii;ig: K)

z 3.56 2.00

MZ 380 2.09

NZ 285 132

DWZ 5.40 1.64

BZ 2.88 1.48

The brine washed zeolitic BZ sample shows the highest Na* and K* content
as shown in Table-4. It shows the highest cation content, not only because it was
washed with brine, but also because the high percentage of alumina relative to
silica requires more monovalent or divalent cations to rectify the overall charge
and to minimize the free energy of the sample as shown in Table-5.

TABLE-4
CATION CONTENT IN THE UNMODIFIED ZEOLITIC SAMPLES
Sample (K20 + Nay0)/(A1,0 + Si02)%

74 7.1

MZ 5.1

NZ , 8.9

DWZ 8.5

BZ 10.2
TABLE-5

AlrOs3, FcszAND TiO; RELATIVE TO SiOy
IN THE UNMODIFIED SAMPLES

Sample  AlO¥/SiO; Fe;03/Si0;  TiO5/SiO;

4 28.0 34.1 9.2
MZ 26.0 452 9.9
NZ 35.1 6.3 2.3
DWZ 18.5 2.6 1.4
BZ 34.8 4.9 2.3

It is clear that MZ sample contains the highest iron and titanium content of all
samples.

Effect of loading of titanium dioxide on zeolitic tuffs

From the chemical composition shown in Table-2, it is clear that the silica
content has decreased markedly. This may be due to the production of HCI during
the metal oxide deposition on the sample. Ammonia is added to neutralize the acid
and control the reaction.

The contents of Ca, K and Na have been drastically decreased in the modified
samples because such metals react easily with the produced hydrochloric acid to
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give the ‘corresponding soluble chlorides, exceptions being with Mg and Fe,
showing marked decrease, but more than others.

All samples of modified zeolite were subjected to calcination at 250°C, to
increase the surface acidity through the removal of structural hydroxyl groups,
(Bronsted acid sites) in pairwise fashion, giving rise to three-coordinated alumina
with loss of water.

It is clear that there is decease in alumina content in all the modified zeolitic
samples. This may be due to the replacement of alumina in the zeolitic samples
by titanium, which is in agreement with previous observations'’

Surface morphology

The surface morphology for Jordanian zeolitic tuffs studied agrees with the
results obtained in previous studies'®. It shows clearly the phillipsite crystals as
the predominant mineral in the samples.

For the loaded titanium oxide samples they indicate the presence of cavities,
channels and kinks due to the void nature of the zeolitic tff surfaces. These figure
the loading of titanium as white spheres on the surface of the zeolitic samples.

Mineral constitution of zeolitic samples

The mineral constitutions of the zeolitic samples are shown in Table-6. It is
clear that for all unmodified samples, the phillipisite is the predominant mineral,
with faguasite, calcite and anorthite as minor constituents, while chabasite and
forsterite are present in trace amounts.

Hematite was found to be in trace amount. These results are in agreement with
other research done on the Jordanian zeolite'®

TABLE-6
MINERAL CONTENTS OF MODIFIED AND UNMODIFIED ZEOLITIC
TUFF SAMPLES

Mineral Z TZ MZ TMZ NZ TNZ DWZ TOWZ BZ TBZ

Phillipsite ~ *** L ek * ok ok ok . ok e ek P
Faujasite ok * ok " * "ok ok * wk *
Chabsite * - * - * - * _ * _
Calcite b - L - ik - EEs - #ew -
Forsterite * - i - % = * - ® _
Anorthite ok #* ek * e * o ek Wi #
Hematite * - * ® o - - - - _
Anatase - ok - dok - ok = wk - PRV,
***major; **minor; *trace

It is noticed that anatase titanium oxide has become dominant in all the
modified samples. It is clear that the minerals that seemed to be minor in the
unmodified samples become trace after modification with titanium oxide and
those that seemed to be trace have completely disappeared.

This is in agreement with what was expected, since utamum dioxide loading
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process has made it the predominant component in the modified samples. Samples
that used to contain high percentage of iron (£ and MZ) have shown good loading
of titanium oxide on their surfaces when modified. Other samples of titanium
oxide have significant influence on the presence of Phillipsite that remain major
constituents in the modified samples TNZ and TDWZ.

Samples loaded with TiO, have been subjected to a thermal treatment through
calcination process at 250°C. This does not affect the appearance of zeolite and
other minerals. Thermal treatment has shown not to affect the mineral constitu-
tions unless the temperature is raised to 750°C and above?'.

Chemical constitution of zeolitic samples

~ The spectra of the zeolitic framework aluminosilicate lie in three regions; the
strongest bands appear in the 1200-950 cm”! region, and these can be character-
ized as due to asymmetric Si—O—Si(Al) stretching vibrations. The second region
of medium intensity absorption lies in the 850-550 cm™' region that can be
characterized as due mainly to the symmetric stretching vibrations. The third
region of strong intensity absorption usually lies between 500-400 cm™ and can
- be characterized as Si—O—Si(Al) bending vibrations®?.

Water in zeolites can be found bonded with each other (H,O—H,0) or with
silanol framework. These water molecules may be found on the surface, in the
cavities, channels or in small closed cages. Each of these possibilities should give
different absorption bands for the OH of water, and this can be noticed®® by the
broad bands appearing between 3500-3100 cm™.

In general, the (O—H) bands of some zeolities have been reported at
3620-3600 and 3740-3715 cm™" and are attributed to isolated bridge and silanol
OH groups respectively?™%,

IR-spectrum of unmodified zeolitic tuff samples The sample DWZ bands
at 3725, 3625 and 3565 c¢cm™' can be assigned due to v(O—H) vibrations in
different environments. Thus the band at 3725 cm™ is assigned to terminal
Si—OH, the band at 3625 cm™ to bridge Si—OH—Si(Al) and the band at 3565
cm™ is due to hydrogen bonding Si(Al)—OH.

The bonded water absorption broad bands are found at 3448 and 3260 cm™',
which indicate the different types of bonding and location for the water molecules
as shown in Fig. 1.

The bending vibration of H,O is found at 1652 cm™. The strong asymmetric
Si—O0—Si(Al) stretching vibration at 1160 cm™ are due to faujasite and chabasite
and at 1020 cm™" are due to phillipsite, faujasite and chabasite as shown in Fig. 2.

The symmetric Si—O-—Si(Al) 'stretching vibrations appear at 780 cm -1
indicating the existence of chabasite, 730 cm™ for faujasite, 672 cm™ for
phnllpsnte and 600 cm™ for anorthxte The bending vxbratxons appear at 460
cm™ for faujasite, at 455 cm™ for chabasite and at 407 cm”™ ! for anorthite as
shown in Fig. 3.

XRD measurements have revealed that calcite is present in the sample, so the
band at 1420 cm™ is due to asymmetric stretching vibration of the carbonate
group. The reported value is at 1415 cm™,* while bands appearing at 870 and,
710 ¢cm™" are due to the bending vibrations of the same group. The reported value
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~Fig. 1. Infrared spectrum of unmodified zeolitic wiff samples (4000-2600 cm™h region

is at 712 cm™.%® The results of XRF and XRD indicate the existence of hematite
in the mentioned samples. The absorption bands found at 464 cm™ in Z sample
and at 472 cm™ in MZ sample in Fig. 3 confirm the existence of that in the
samples. The reported value®® for Fe,O; is a strong absorption band at 470
cm™h
~ IR-spectrum of TiO, modified zeolitic samples: Fig. 4 illustrates the
spectra of some modified and unmodified zeolitic tuff samples for the region lying
between 4000400 cm™. By a simple comparison of each pair of the modified
and the unmodified samples, one can see that there is no significant change in
the spectrum lying in the region between 4000-800 em™,

Fig. 5 illustrates the IR spectra for the region lying between 800400 cm™ of
the modified and unmodified pairs in comparison with the IR spectrum of TiO,.

This will be used to illustrate change in DWZ spectrum when loaded with
TiO, to produce TDWZ. Remarks will be made if any of the other samples shows
any variations. :

Concerning the spectrum of TMZ sample, the presence of weak absorption
band at 472 cm™' is due to the presence of hematite which is again in agreement
with XRF and XRD results.
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Surface area estimation

The surface areas(A) and monolayer capacities (XM) for zeolitic tuff samples
are shown in Table-7. The data given shows that while the removal of magnetic
material from the raw zeolitic tuff, in sample NZ, considerably lowered the surface
area by as much as 44%, the surface area of the iron-rich sample MZ shows almost
no change. This may indicate that the iron in the raw tuff is present as the part of the
zeolitic structure and its removal, as in sample NZ, results in the effective decrease
in the net surface charge responsible for the adsorptlon of the methlylene-blue dye.
This is because Fe** plays the same role as AP* in the zeolite matrix. Furthermore,
the washing procedure to which NZ has been subjected to prepare samples DWZ
and BZ has only slightly increased their surface areas by about 8% which may be
attributed to the effective cleaning of the zeolite surface.
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TDWZ, and prepared TiO,
(800400 cm’l) region

As for the TiO, loading of the zeolitic tuff, Table-7 shows a decrease of 10-30%
in the surface area. This interesting decrease may be attributed to the replacement of
APP* and Fe** by Ti** thus effectively decreasing the negative surface charge
responsible for the adsorption of the methylene-blue dye cation of the zeolite
surface. This clearly illustrates the related decrease in Al,O5 content with the

corresponding increase in TiO, in all samples.
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The reaction of aqueous phenol

The detailed experimental data given in Table-8 summarize the result of the
thermal oxidation of aqueous phenol with hydrogen peroxide in the presence of the
different zeolitic tuff samples. Table-8 shows the per cent conversion for the
thermal oxidation of phenol with H,O,. This per cent represents the ratio of the
amount of phenol reacted to the initial amount of phenol used. The percentage
conversion of phenol under the thermal conditions with the presence of the zeolitic
tuff samples is calculated after 60 min from the beginning of the reaction, when the
phenol concentration levels come up to be almost asymptotic to the time-axis.

"TABLE-7
SURFACE AREA (A) AND MONOLAYER CAPACITY
(Xm) OF ZEOLITIC TUFF SAMPLES

Sample kMO“(’iaye_ff'aPaCily Surfacg area A
Km (x 107 )Y(mol/g) (m%/g)
Z 1.790 129
TZ 1.570 13
Mz . 1.840 133
T™MZ 1.490 107
NZ 0.995 7
TNZ 8290 ’ 60
DWZ 1.060 77
TDWZ 0.764 55
BZ 1080 78
T8z 0.835 60

Table-9 also gives the initial rate (vy), initial rate constants and the conversion at
150 min for photochemical reaction of aqueous phenol, which are calculated from
the initial slope when plotting concentration of phenol vs. time.

From Tables-8 one can notice that the presence of a catalyst in the reaction
has speeded up the destruction of phenol remarkably. For example, when Z is
used, the initial reaction rate has increased approximately 6 times.

It also noticed that the high iron containing zeolitic sample MZ has shown 3.3
times increase in the initial rate compared to Z sample, while the iron-poor sample
NZ has shown a decrease of 3 times.

It can also be observed that all samples loaded with TiO, have shown
remarkable increase in both the initial rates and percentage conversion in relation
to the corresponding unmodified samples.

Fig. 6 shows the relation between the initial rates and the percentage
conversion for the thermal oxidation at 20°C of aqueous phenol. Form this figure,
it can be seen that samples which give high initial rate also give a high percentage
conversion of phenol.

For the zeolitic tuff, again, the iron-rich samples MZ and TMZ have shown
the highest initial rates and conversion in comparison with the other correspond-
ing non-TiO, and TiO,-loaded zeolitic tuff samples.
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TABLE-8

Asian J. Chem.

INITIAL RATES AND % CONVERSIONS AT 60 min FOR THE THERMAL
REACTION OF AQUEOUS PHENOL WITH H,0, OVER ZEOLITIC TUFFS

Sample Initial rate (vo)(ppm/min) Conversion at 60 min (%)
No catalyst 20.00 7.22
TiO,* 34.80 16.90
TiOy** 72.00 18.34
Z 119.30 34.00
TZ 239.00 54.70
MZ 400.90 39.14
TMZ 694.14 67.34
NZ 53.00 25.78
TNZ 137.80 40.60
DWz 21.80 18.30
TDWZ 90.00 33.20
BZ 90.10 22.06
TBZ 229.20 56.20
*Prepared TiO;,; **Merck TiO,.
TABLE-9

INITIAL RATES, RATE CONSTANTS, INITIAL RATES CONSTANTS, AND THE %
CONVERSION AT 150 MIN FOR THE PHOTOCHEMICAL REACTION OF AQUEOUS

- PHENOL IN THE ABSENCE OF H,0, OVER ZEOLITIC TUFFS

Initial rate (vg)

Conversion at

Sample (ppmymin) 150 min (%) k# (min™") kot (min"l)
No catalyst 0.7 45 3.8E-3 7.3E-3
TiO,* 6.0 70 7.8 E-3 43E-3
TiQ,** 41.0 85 1.5E-2 1.6 E-1
Z 5.6 75 7.8 E-3 6.6 E-2
TZ 12.0 82 1.OE-2 74 E-2
MZ 6.0 93 1.8E-2 54E2
T™Z 350 98 23E2 14E-1
NZ 1.5 71 8.0E-3 I.6E-2
TNZ 55 73 74 E-3 6.5E-2
DwzZ 39 67 6.8 E-3 44E-2
TDWZ 4.5 88 14E-2 51E-2
BZ 1.6 85 1.3E-2 1.7E-2
TBZ 14.0 93 o LTE-2 9.2E-2

*Prepared TiO,.  **Merck TiO,.  # k and kg were calculated assuming first order kinetics.
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These high values can be attributed to the presence of iron. The role of iron can
be understood in terms of the Fenton reaction, Fe3+/H202 system?®’. The presence of
Fe**, with H,0, being added to the reaction, causes an increase in the producing of
hydroxyl radicals (OH) which are active in the degradation of phenol. Moreover,
despite the lack of enough energy to make TiO, to act as a semiconductor, all
zeolitic tuff samples loaded with TiO, have shown an increase in the percentage
conversion and initial rates for the thermal oxidation of aqueous phenol in relation
to the other corresponding unmodified samples. TiO, loaded on the surfaces of
different catalysts may have increased the efﬁéiency of the active sites present on
the surface.

Form Fig. 7 which shows the relation between surface area of catalyst and
initial rate, one notices that an increase in the catalyst surface area for zeolitic
samples is accompanied by an increase in the initial rate of the reaction.

Concerning the relation between the initial rate of the reaction and surface
areas of the modified and unmodified pairs, one notices that although the modified
- samples have higher initial rate, they have lower surface area compared to their
corresponding unmodified samples.

It is noticed that the decrease in the surface areas as determined by the
methylene-blue method is due to the decrease in the charges on the solid surface
caused by the replacement of AI* by Ti**, thus affecting the cationic adsorption
capacity of the solid surface.

However. this does not seem to affect the active sites responsible for the
oxidation of phenol by H,0,; both react through uncharged species, viz. hydroxyl
radical initiated reactions. Consequently, the loading with TiO, seems to have
increased the concentration of active sites leading to the marked increases in the
initial reaction rates.

The point for sample TZ in comparison with the modified zeolitic tuff samples
and sample Z in comparison with the other unmodified samples both fall outside
the best lines drawn for other samples, but still show the same trend.
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