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Introduction

• The release of the synthetic dyes in textile industries in the 

environment, is considered to be a major environmental 

issue that needs to be addressed properly

• Employing Advanced Oxidation Processes (AOPs) using 

UV-TiO2 provides a promising treatment of these 

commercial wastewaters 

• The target users of these technologies would be the 

company involved in the textile industries 

– to meet standards of DENR, 

– prevent water pollution and degradation of aquatic life

– foster environmental responsibility within the industry ensuring 

sustainable development
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Objectives of the Study

• The research objective is to treat wastewater effluent 
containing dyestuffs by photocatalysis, particularly using 
the UV-TiO2 system. 

• Specific objectives are as follows:

– To assess the color problem of a textile industry in the Philippines.

– To prepare a composite catalyst AC/TiO2 using the sol-gel method 
for photocatalytic oxidation of dye.

– To characterize the catalysts prepared using BET, SEM- EDX, 
TEM, TGA , FTIR and XRD.

– To perform adsorption and photocatalytic activity tests to determine 
the performance of the catalysts prepared

– To conduct optimization of operating parameters

– To conduct kinetic study and toxicity study 

– To facilitate transfer of technology to an industry partner



 Semiconductors need to
absorb energy from light that
is equal or more than its
energy gap

 Hydroxyl radicals and 
superoxide formed are 
responsible for degradation 
of dyes. 
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Photocatalysis

 Electrons are promoted from
valence band to conduction
band leaving electron hole
pair

 Electron and hole partake 
in redox reaction producing 
hydroxyl radicals and 
superoxide. 
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LABORATORY  INVESTIGATIONS 
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Methods: Scientific Equipment                  

and Laboratory Facilities 

Nano-Titania Catalyst Preparation by Solgel

Hot plate Stirrer
Ultrasonicator

Oven
Furnace

Prepared Catalyst

Chemicals

http://rds.yahoo.com/_ylt=A0S020yPxu1IDoYAkaGJzbkF;_ylu=X3oDMTBpZTByOGFiBHBvcwMyBHNlYwNzcgR2dGlkAw--/SIG=1hmtkn475/EXP=1223628815/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dlaboratory%252Boven%2526fr%253Dyfp-t-501%2526ei%253Dutf-8%2526js%253D1%2526x%253Dwrt%26w=350%26h=300%26imgurl=www.newtronicindia.com%252Fimages%252Flaboratory-incubators.jpg%26rurl=http%253A%252F%252Fwww.newtronicindia.com%252Flaboratory-incubator.asp%26size=13.3kB%26name=laboratory-incubators.jpg%26p=laboratory%2Boven%26type=JPG%26oid=f124954318de4b40%26no=2%26tt=998%26sigr=11mah6hme%26sigi=11n3qitls%26sigb=12vmou3jf
http://rds.yahoo.com/_ylt=A0S020yPxu1IDoYAkaGJzbkF;_ylu=X3oDMTBpZTByOGFiBHBvcwMyBHNlYwNzcgR2dGlkAw--/SIG=1hmtkn475/EXP=1223628815/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dlaboratory%252Boven%2526fr%253Dyfp-t-501%2526ei%253Dutf-8%2526js%253D1%2526x%253Dwrt%26w=350%26h=300%26imgurl=www.newtronicindia.com%252Fimages%252Flaboratory-incubators.jpg%26rurl=http%253A%252F%252Fwww.newtronicindia.com%252Flaboratory-incubator.asp%26size=13.3kB%26name=laboratory-incubators.jpg%26p=laboratory%2Boven%26type=JPG%26oid=f124954318de4b40%26no=2%26tt=998%26sigr=11mah6hme%26sigi=11n3qitls%26sigb=12vmou3jf
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Methodology:
Catalyst Preparation
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Methods: Scientific Equipment 

and Laboratory Facilities

Catalyst Characterization

BET Surface 
Analyzer

Chem Eng DLSU

FTIR Equipment
Physics Dept DLSU

TEM Equipment
Tokyo Tech

SEM-EDX 
Analyzer

Physics Dept
DLSU

XRD Equipment
Tokyo Tech

TG-DTA Equipment
borrowed from UPD

UV-VIS 

Spectrophotometer 
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Methods: Scientific Equipment 

and Laboratory Facilities

Photocatalytic activity testing

Photocatalytic 

Reactors
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Overview of Preliminary Results

Photocat-Baker TiO2 
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ORDER OF PERSISTENCY

Acid dye

• Telon orange 

• Source: PTRI
Acid Dye

• Turquoise 
blue

• Source: 
Saffron

Direct 
Dye

• Astrazone 
blue

• Source: PTRI
Basic Dye

Disperse 
Dye

Reactive 
Dye

• Dianix orange

• Source:  PTRI

• Reactive blue

• Source: PTRI

 Acid dye is the most persistent dye followed by direct dye, basic 

dye, disperse dye and reactive dye  

 TBD which belongs to direct dye generates high colored 

wastewater which is difficult to degrade

Dye Persistency Test
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Turquoise blue CI 199

Chemical formula C32H16N8S2O6CuNa2

Molecular weight 781.8 g/mol

Solubility in water at 80degC 60g/L

 TBD is a direct dye

TBD solution

Turquoise Blue Dye – generates high 
colored wastewater in a local textile mill 
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Nanotitania synthesized using sol-gel method

Nanotitania (TiO2) photocatalyst tested for photoactivity towards Telon 

Orange
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J. T. Baker TiO2

nTiO2 Calcined

at 400 oC

nTiO2 Calcined
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Surface Area (m2) 2.59 126.17 106.14

Crystallite Size (nm) 44.3 - >100.0 9.6 – 17.0 12.5 – 17.9

Crystal Structure
Anatase, Rutile, 

& Brookite

Anatase & 

Brookite

Anatase & 

Brookite

Energy Band Gap (eV) 3.36 3.25 3.21

50 ppm T.O. 27.45 72.92 77.66

60 ppm T.O. 14.53 70.19 75.70

80 ppm T.O. 15.32 60.26 56.73

100 ppm T.O. 6.73 41.26 35.71
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Overview of Preliminary Results

Nanotitania calcined at 400 degC has the highest surface 

area and also showed the highest photocatalytic activity
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Catalysts Synthesized by Solgel 

 AC/TiO2 with high AC loading [3:10 AC/TiO2] showed a dark color while 

AC/TiO2 with low AC loading [1:1600 AC/TiO2] is whitish in color

Results and Discussions
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Summary of Characterization Results

Results and Discussions

 BET Surface area increases with more AC loading.

 Uniform distribution of AC and TiO2 as more AC is added

 No significant change in band gap.



21

Performances of AC/TiO2 with Various AC Loading

 Using 1:1600 AC/TiO2 (8.72% AC loading), a total color removal for 

TBD was observed in 120 minute – irradiation while it took longer 

for bare TiO2 to completely degrade TBD in 150 minute – irradiation.

Results and Discussions
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Immobilized Catalyst [1:1600 AC/TiO2]

SEM Image of Etched Glass Plate
Immobilized Catalyst Installed in Glass Holder

Results and Discussions

 Using 1:1600 AC/TiO2 (8.72% AC loading) was successfully 

immobilized in glass plate using PEG as binder.
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Photolysis using Recirculating Reactor

 Photolysis effect 3.93% color removal of TBD

Results and Discussions
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Dark Adsorption using Recirculating Reactor

 Dark experiment showed a TBD color removal of 21.7% due to 

adsorption. 

Results and Discussions
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Optimum Operating Conditions under AC/TiO2-UV system 

 90.01 % color removal 

for TBD at optimum 

conditions

Results and Discussions
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COD Removal 

 99.42% COD removal was observed after 240 minute –

photocatalytic treatment.

Results and Discussions
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Photocatalytic Degradation of Textile Wastewater under AC/TiO2 –UV System 

 86.40% color removal in 6-hour irradiation. 

Results and Discussions
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Photocatalytic Degradation of  TBD under Visible Light

 38.50 % color removal for TBD under Visible Light. 

Visible light

Results and Discussions
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Fit of Kinetic Data 

 The kinetic data fits the Langmuir Hinshelwood model with R2 = 0.9759

 The kinetic parameters are kr = 0.096191 mg L-1 min-1 and K =0.128966 L mg-1 

Results and Discussions
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Recyclability Test Results 

 The efficiency of immobilized AC/TiO2 is not lower than 60% after 

7 cycles. 

Results and Discussions
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Toxicity Test Results 

Results and Discussions

 Transformation from toxic to non-toxic after 6 hour irradiation. 
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Conclusions

• The TiO2 synthesized by sol-gel at 400degC is nano-sized.

• The addition of AC to TiO2 has no significant effect on the 

band gap energy of the composite catalyst. 

• High photocatalytic efficiency was observed on AC/TiO2

with low AC loading [8.72 percent AC loading] 

• AC/TiO2 was successfully immobilized in glass plates using 

PEG as binder.

• TBD removal increases with catalyst loading and UV 

intensity while decreasing with initial dye concentration, 

initial dye solution pH and recirculating flow rate.

• The initial dye concentration has the highest influence in 

TBD removal. 
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Conclusions

• Using optimum conditions under UV light, 90.0 % color 

removal was observed for TBD while 86.4 % color 

removal for textile wastewater with TBD stream. 38.5 % 

color removal for TBD was observed under visible light.

• Photocatalytic degradation of TBD follows the Langmuir-

Hinshelwood equation

• Textile wastewater with TBD stream was transformed from 

toxic to non-toxic after 6-hour photocatalytic treatment.

• The efficiency of immobilized AC/TiO2 is not lower than 

60% after 7 cycles.
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PILOT PLANT INVESTIGATION 
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Methodology:
Catalyst Immobilization
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Methodology:

Photocatalytic activity testing

Photocatalytic 

Reactor

1 m

1.8 m

AC/



3754.80% color removal was observed at 1.5 hours residence 

time with 3 recirculation passes. 

Results and Discussions: Pilot Plant 
Investigation
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• In pilot plant  investigation, 54.80% color removal was 

observed at 1.5 hours residence time with 3 recirculation 

passes. 

Conclusions
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