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• Pharmaceuticals in our drinking water 

• Solution: Advanced treatment technologies 

 

Ai m of  Resear ch 



Int r oduct i on 

• More than 16 different pharmaceuticals have been 

reported in drinking water, 50 in surface water and more 

than 100 in swage influent 

• Studies introduced STPs as the source of pharmaceuticals 

in surface and drinking water.  

• The large number of surveys proved that pharmaceuticals 

are not effectively removed by conventional water 

treatment 

 



Sol ut i on:  Advanced Ter t i ar y Tr eat ment  

UV oxi dat i on,  UV/ H2O2,  UV/ O3,  UV/ H2O2/ O3,  Phot o-
Fent on,   Sonophot ocat al ysi s,  Vacuum UV,  UV/ Ul t r asound.  
Mi cr owave Phot ocat al ysi s 

Phot o 

AOPs  

Super cr i t i cal  wat er  oxi dat i on,  Ioni zi ng r adi at i on,  Wet  

ai r  oxi dat i on.  Pul sed pl asma,  O3/ H2O2,  Fent on 

r eagent ,  Ul t r asound,  El ect r ochemi cal  oxi dat i on,  US/ H 2O2, US/ O3  

Non- Phot o  

AOPs  

Ul t r af i l t r at i on,  nanof i l t r at i on,  r ever se osmosi s,  
Ion Exchange,  Adsorpt i on 

Ot hers 



Phot ocat al ysi s 

Act i on:  Br eaki ng down t he pol l ut ant s 

Mechani sm:   

UV l i ght       semi conduct or      oxi dant  speci es     or gani c pol l ut ant       CO2 + H2O 



Phot ocat al ysi s 

Advant ages 

• No chemi cal  or  consumabl e 
• No sl udge pr oduct i on  

• No cat al yst  r egener at i on  

• 100% r ecover abl e  

• Rel at i vel y shor t  r et ent i on 

t i me 

• Low ener gy use  
Sol ut i on 

• Dopi ng t o cr eat e vi r t ual  bands 

• Immobi l i si ng t he cat al yst  

• Int egr at i ng wi t h an adsor bent  

• Desi gni ng a r eact or  

• Connect  t o r i ch peopl e vi a Quest or    

 

Di sadvant ages  

• UV l i ght  needed 

• Low l i ght  ef f i ci ency ( Gr ay wat er )  

• Low ef f i ci ency at  l ow pol l ut ant  concent r at i ons  

• Mass and l i ght  t r ansf er  pr obl em 

• Rel at i vel y hi gh capi t al  cost   
 



Sol ut i on:  Int egr at i on wi t h Gr aphene 

• Bl ack ( bl ocki ng UV)  

• Hydr ophobi c  

• pH dependent   

• Not  accessi bl e por es 



Ai m 

Desi gni ng a gr aphene base pl at f or m f or  Ti O2 i nt egr at i on 

 

Synt hesi s of  
gr aphene  

St udyi ng 
adsor pt i on 
pr oper t i es 

Int egr at i ng 
wi t h Ti O2 & 
modi f i cat i o
n 

An ef f i ci ent  

vi si bl e l i ght  

act i ve 

phot ocat al yst  



Gr aphene synt hesi s 

Graphite 
expansion to 

obtain EG 

Chemical 
oxidation and 

delamination of 
EG to obtain GO 

Chemical and 
thermal reduction 

of GO to obtain 
Grphene 



Adsor pt i on by GO 
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Adsor pt i on by GO 
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Adsor pt i on 

• Functional groups  

• Pi-Pi interaction  

• Porosity and surface area  

 



Adsor pt i on 

• Functional groups  

• Pi-Pi interaction  

• Porosity and surface area  

 

Properties GO HRGO 

BET surface area (m
2
/g) 547.37 345.92 

Pore volume cc/g (size< 66nm) 2.366 1.7 

Average pore radius nm 8.64 9.87 

BJH desorption pore radius nm 1.89 2.039 

 

Sample BET surface area (m
2
/g) MB surface area (m

2
/g) 

Graphene oxide  547.37  2605.5  

Reduced graphene oxide 345.92  2210.2 

 



Phot ocat al ysi s 

• Dimensionality of TiO2 nanostructure is an important factor on 

efficiency and mechanism of photocatalysis 

• Surface area 

• Synthesis method (sol-gel, hydrothermal, …) 

• Electron transfer mechanism 

• Pore size 

 



Resul t s:  Phot ocat al ysi s 

• After use: higher crystallinity of TiO2- partial reduction of GO 

 



Phot ocat al ysi s 



Resul t s:  Phot ocat al ysi s 

• After use: higher crystallinity of TiO2- partial reduction of GO 

 



Resul t s:  Phot ocat al ysi s 

• HPLC method for diclofenac and 

carbamazepine were optimised to get better 

peak separation  

• 0.3 g/L composite showed 80% degradation  

of 50 ppm diclofenac after 70 min and 

almost 100 % after 120 min  

Photocatalytic degradation of diclofenac by 
hydrothermally synthesised TiO2/GO 



Resul t s:  Phot ocat al ysi s 

• In-situ hydrothermally synthesized TNTs on 

graphene oxide shows excellent photocatalytic 

activity towards famotidine degradation under UV 

and visible light (sample D1) 

 



Resul t s:  Phot ocat al ysi s 

• Easy  post separation process 

• Reusable  

• High surface area around 350 m2/g comparing  60 m2/g for P25  

• Higher UV efficiency comparing activated carbon/TiO2 composite 

• Higher photocatalytic activity comparing TiO2 and other types of TiO2 

composites 

• UV re-generation capability 

• High adsorption capacity for dyes and organic molecules with benzene ring 

• Easy processing to produced different forms of composite such as thin and 

thick film, powder, solution and granule  

 

Advant ages of  Ti O2/ GO composi t es 



Cur r ent  Resear ch 



Thanks t o:  



Thank you  



Resul t s:  Adsor pt i o

n    Immobilizing GO on different substrates  

 Dolomite/ GO showed the highest adsorption  

 MB adsorption for proof of concept  

  High adsorption of different dyes with benzene ring but not great 

ability to adsorb pharmaceuticals with long tail such as famotidine  

  This material can be a used to remove dyes form wastewater 

 



Resul t s:  Adsor pt i on 

Bare Dolomite  
Dolomite Graphene oxide composite  • Instant adsorption of high concentration of dyes 

• Low adsorption of pharmaceuticals which might be related to the pH increase 

• Unique open pillar morphology which might be  Ca(OH)2 re-arranged 

crystals due to processing in aqueous phase based on XRD results 

 



•40 % adsorption of 100 ppm mixture of Metoprolol, ibuprofen, propranolol, salbutamol, 

salicylic acid and diclofenac instantly after mixing and 70% after 30 min  

•Adsorption of 50% of carbamazepine instantly and 100 % after 30 min 

• 100% adsorption of MB and methyl orange dyes after 5 min 

 

Resul t s:  Adsor pt i on 

UV/vis spectra of 6 pharmaceutical compounds in 
water before and after adsorption by GO 



Resul t s:  Adsor pt i on 

• High porosity and surface area 2500 m2/g based on MB adsorption 

• = interaction between benzene ring of GO and pollutant 

• Adsorption by different functional groups on GO basal plane (FTIR spectra)  

• Lowering the surface free energy of sheets by stacking with other molecules 

 


