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The noticeable decrease in S0, contamination in the
waste water after the photocatalytic oxidation ( see Table
I 1 could be due o adsorplion of some S0, jons on the
surface of the catalyst, which not could not be removed
by circulating water ™ This is expected 10 have had
some inhibiting cffect on the photocatalviic activily .

Chioride lons ©

Ihe photocatalyvic oxidation of waste water resulted in
remioval of 80 - 60 % CL - jons { Fig. 6 ) . Photocatalviie
onidation of CL- jons al LY illuminated  TiCy
clectrodes has been studied and compared with other
halide jons ( |- and B - ). "% Although Herrmann and
Pichate,"™ reported that CL. - jons withstands oxidation in
LUV - illuminated sqoeons suspension of Te0: . the resulis
obiained by Shub et al ™ showed thar with TiO-
clectrodes in acidic soolution of CLL - yons, the CL atoms
formed yield CL: . In additon, Bard " has  reported that
the photooxidation of CL - ionx could be represented by
the reaction :

Ti(),
» HyO + Cl..

V-Light

L 417120+ (o)
U

Ocher possibility for CL° ions behaviour. during the
photoonidation, is that some CL - ions might have
absorbed on the surface of TiO- and blocked the active
S1les,

H+Cl—2>0 ..

thus deactivating a portion of Uwe catalys: .

Removal of 30 - 70 % NH'; wons was noticed doring
the photocataltic oxdation of the waste stream (Fig . 6 )

The photocatalviic onidalion of smmoniom  jons
(NH ) and / or ammeoaia { NH, ) in a solution at UV -
tluminated film of TiOL has been smdied previously by
Low etal "

They have reported that nitrale wons (NO7)  were
formed at significant rates in the photcatalytic oxidation
of ammonia and at moch lower rates from ammonium
ions . The propsed scheme for photocatalviic oxidation of
ammona  postulstes the initial formeanon of an
intermediate {unidentificd) before its conversion Lo nitrite
wn (NO . . Then mitrate ion is formed form the
photocatalytic oxidation of mitrite jon. as follows

[

e+ Oy >0 (12
WM+HO™ T OH+H (3
0O +H — *HO (14)
HO, « 0, —> HO. + 0, (15)

a4

OH HO
NH, >(intemediate ) »NO.  * NO, (16)
HO H.0

4 Durabsliv

o the Aerogel photocatalysg

The decrease in TiOs - Si0. serozel weight { about
0.165 gfiter of weated waste water ) as well as the
noticeable decrease in i1y groin size  see Fig . 5 ), alter
the continuous multicycle treamment operation, van be
aunbuted to s relatively low derabdlity during this
progess . This lkead o an increase in the silica comtent i
the watte from shout 6.5 1o abous 70 ppm afler the
trealniifil process | sec Table 1 ).

Although titania conlent in the waste stream was nol
analyzed, it is expected 0 increase also in the treated
wasle stream . Sihica and titania are not toxic materials
and small amounts entering the effluent stream  are
enviromumentally sale

Funher mescarch is ongoing m our laboratory o
improve the durabality of this serogel photocatalyst

5. CONCLUSION

1 . Solar photoassisted Tic): - 5100 aerogel material
can be used efficiently to carry out almost complee
phutodegrudation of eyanide species i an industrial
waste stream . High removal of sulfide jons, chloride
wons and ammoaium wons can also be achieved |

2 . Increasing the aenoge] loading m the wasle wazer
reduces the trestment time and increases the extent of
removal |

3 . The serogel pholocatalyst can be used effectively
in o continuous treatment  operation  withhow  a
significant activity loss
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Table 1.

chembeal analysis
of waste wialer be-
fore and alter the
photocatalytic
trealment in @
continuous mini -
pilof undl .

“de'+ 0y + 2HLO » H.O; = 20H (2)
e+ 1720+ H:O—>» 20H {3}
2h* + CN-+ 20H - CNO = H:AD 4]

Further coadation of CNO-10 OO and N; is possidie
by reduction of O

{ egn ., 2 ) and by direct oxidation at the illuminated
semiconductor 7 ¥ The overall resction could be written
as :

TiD,
2CN-+ 202+ HiO————>200: + N;: 5
UV-Light

=- [I 1|- Ims -

During the piittocativtic oxidation of the waste recarm
about 50% of S jons was removed (Fig .6) Low ot al™®
have reported that under TiQ: medimed photocatalviic
oxidation, all elements present wene converted to their
inorganic forms, eg. sulfur o sulfae. photcatalytic
onadation of sulifite { 50y — ) to sulfate { 50, - ) ot

-

-
|

-

34

50.9 433 34.78
16347 7.0
6.5 33
18954 1.0
287 218.2%5
505.714 S ET)

UV-illunfinated TiD: powder has been studied alos .
Two modes removal of S0y 1ons wis postelated © direct
oxidation of 30— at the illuminated semiconductor, and
reaction of S0.— with H:0; produced by reduction of O.,
as follows ;

2h" = 50y H-O » S50, + 2H® {6
2e w0y » 2H  Hz O (7
H:D: = S04~ » S50, + HO (5)

In addinon, one techmique which has been developed
for removal of 5-- from water includes oxidation by
Hy0-."

Thus , & similar mechanizsm can be suggesied for the
photocazalyiic oxidation of 5 w 50, The overall
reaction, withhoul implying mechanistic detnls, could
e

TiO,
>S50 = H-0 )
UV-Light

2 :E}: + H)



4.2 Treaiment POrocess of the Waste Siream

An industrial waste stream, generated in EL-Nasr Co.
for Coke & Chemicals, FITabbin | Helwan, Egwpt, was
uscll in this sindy. Two series of experiments were
carmed out for the photocatalytic process with differen
procedures,

The fird procedure was conducied 10 optimize the
catalyst loading in the waste water (ghl) and time of
illuminationon on the pholocatalytic oxidation of CN-,
which is consider as the most harardows contaminant in
that wisie sirea. For cach mun in this series. a specified
amount of fresh catalyst granules was added to one liter
of the wosde waler in a glass reactor (see Fig. 200 Air was

bubbled in the reactor. through the wasic water, for.

keeping the comalvat granules in suspension during
illumination as well as supplving the oxygen reguired for
oxidation process. Photoollumination was provided by
exposure o dircet sunlight. Penodically, water saomples
were withdrawn from the reactor by syringe, during the
photocatalytic  process,  and  analyzed  for  CN-
comcentration using a Spectophotometer. Control tests
with imadisted  solution  the shsence of the
phisincatalyst were carmied oul.

In the second series. a mini- pilol unil was designed
for a contmunus multicycle treatment operation. A sketch
of this unit is illustrated in Fig, 3. The whole treatment
operation  was comsisted o seven imeatment eyeles
through seven consecutive sunny days (L., one cyele \
day ). Ahoui § liters of fresh woste siream was treated in
cach eycle, which started at 10 am and ended at 3 pm of
the same day. Dunng the treatment process, treased waste
arcam was allowed to flow owt the reactor  (from a
specified sude b wath a (lowrate of about | hiter Y hr, ax
long as, an equnvalent amount of wasc sTCam was
allovwed 1o flow into the reactor from the opposite side
Fresh acrogel catalyst. 16.5 g, was loaded i the reactor
al the begining ol the Nira cyvcle. The seropel granules
were kept in suspension, during the photocatalric process,
by bubbling mr through the waste warer in the reactor.
Water samples swere Laken Tor analysis before and afier
the treatment process in ¢ach cycle. Ar end of the whole
ireatment operation. the seropel was fillered ot washed
with distilled water, drigd and weiphe

The detoxitication of cyanide wastes { with relatively
high cn-concentrution ) huve to be caried oul o an
alkaline medmm ( pH o= 8 - 12 ) in order to prevent the
toriativn of  highly toxie  eyanogen  chlonde  amnd
hydrocyanic acid gas .* however, in this stedy because of
the relatively low ¢n- concentration i the waste stream
(12 = 24 pp ) and some control tests, exberimeents have
been staned without mising the pH, which was in the
ange 7.3-T7.7
1A

J. RESULTS AND DISCUSSION

Figure 4 shows that increasing the acrogel loading in
the waste water in the range of 1.5 -9 g /1 and / or ume
of illemuation up o abowt 5 hr, lead 1w a significam
increase in CN- removal . This is due 1o the increase of
Ti0), semiconductor surfaces in the solution which leads
o improved reaction Kinetics and extent |

This effeet resulted in bener utilzation of light cnergy
. Removal of CN- in excess of 9% has been reached
after about & hr illumination

T Multicycle T )

About 35 liters of the waste water were treated in 2
conlinnous operation through sevan consecutive cyeles .

"Tahke 1 illustrates the higher . lower and average
resulih. of the chemical snalysis of the waste siream
before and after the photocataytic process in each cycle.
weight of the aerogel catalyst decreased from 16,5 g ( w
e begining of the first eycle b to aboul 107 g { at the
end of the seventh cyele ) In addition, a noticeable
decrease in ils graim siee wos observed ( see fig . 5 ).

The results given in Table | and shown in Fig . 6
demonstrate that solar-irradiated Tid, - 510, mun'F can
be wsed in photocatalytic degradation of different
contaminants in the waste stream such as 0 CN-, 5, Cl-
and NH'y . the phowecatalytc setivity of this aerogel
appears fo be  wnchanged through this  eontinuous
multiday operation .

The and  mechanism  for  photocatalytic
oxdation of compounds by oxypen st UV.illuminased
semiconduciors have heen discwised ebewhene . 7 &

Imadation of an agueous of T, somiconducton a
wavelengths  shorer than the band gap (A< 400 nm )
leads to creation of holes in the semiconductor valence
band and excitation of elecirons 1o the conduction band

(secFig.7).

Tid: +hv— 3 h’ - e (excitation) > h'e in

The valence band holes are scavenged by H:0 or
other oxidizable solution species belore eleciron- holes
recombination can  occur  within the  semicondutor
Electroncutrality within the semseductor is maintained by
reduction of dissolved oxgen or other solution species the
conduction bamd elections

lin excess of 95% of CN-jons was removed as a resull
of the photocatalytic oxidation of the woaste siream
(Fig.6) . the mechanism of photocatlynic oxidation of
CN- in aqueons solutions has been previously studied by
several investigators ' thus the process of photo-
oxidation can be represented as follows :
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1. INTRODUCTION

One of the main sources of generated hazardous
waste, streams in ElL-Nasr Co. for Coke & Chemcals,
El-Tabbin\ Helwan, Egypl. is the fentilicer plant. This
pManmt produces about S0m"hr of waste stream duning the
washing process of purified coke oven gas in the gas
holder, Cyamde (CN-) s the mopor  hazardous
contaminant (10 - 40 ppm) in thal waste smeam, in
addition o relatively low contammnation of sulfide ons
(s—=)chlorde ons (Cl-) and ammomum joms (KHA
Cyanide is a toxic and reactive compound which under
certain conditions (ie. low pH) can produce the
dangerous hydrogen cyanide gus,

Currently, alkaline chlorination process is employed
for treating cyamide specics in the wasle sweam of
El-Nasr Company. Although this treatment process is the
best available proven technigue. it has several distinct
limitations, which lead 1o production of other hazardous
solid and gus wastes.™ Thus there is a need o
economical and environmentally safe disposal of these
large amounts of harandous waste steams

Photocatalytic  oxadation of cvanide species in
aquecus solulions containing particulate suspensions or
colloidal  dispersions of  Tie  semiconductor s
comparatively new methods, ' Tn o provious sdy.® it
Was reves that UV-irradiated TiD; - 5i0: acrogel
catalyst  (highly porous and translucent matrices), in
which Ti0, acts as the semiconductor, can be used
successfully for photocatalytic oxidation of CN- in
dilute solution of ferric cyanide (complex cyvanide).
Therefore, the purpose of the present study was 1o et
the use of such advanced aerogel malerialk in the
photocatalytic degradation of CN- and other differcm
contaminants in thal industrial waste stream under solar
radiztion. A min-pilof umil was des for a conlimous
muelticyvele treatment operation. which would be useful in
guuging the applicability of this technology to large scale

MENTAL PROCEDURES

2.1 Synthesis of the Acrogel photocatalyss

Tk - Si0h acrogel cataly st with composition:al maolar
ratio of 1:39 respectively (e, 133 Wi ratto), was
prepared in  the laboralery by the sol-gel  and
super-critical drying methads. The starting materials used
and the preparation procedure were described in details
in the previous paper.” and ane summarnzed in Fig. 1.

A white and cracked monolithic TiO: - Si0. acropel
was obtained. This monolith was gently crushed 1o
granules of grain size < 3 mm, These catalyst granules
showed a tramslucency in appeamnce.
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