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Abstract 

Pyridine and its derivatives are nitrogenous heterocyclic compounds used as industrial solvents 

and intermediates in manufacturing pesticides, pharmaceuticals, dyes, explosives etc. Pyridine 

compounds are recalcitrant in nature and pyridine itself is listed as a priority organic pollutant by 

the United States Environmental Protection Agency (USEPA). The chemical industries 

manufacturing pyridine compounds utilize various organic compounds and ammonia at high 

temperature and the effluent generated from such industries is toxic in nature and has high pH 

due to presence of nitrogenous compounds. Therefore, it is difficult to treat effluent containing 

pyridine compounds by conventional biological processes.  

The catalytic wet air oxidation (CWAO) is a promising technology for the degradation of 

refractory and nitrogenous organic compounds present in the industrial effluent. The CWAO is 

mainly used for achieving two objectives: (i) for complete oxidation of organic compounds into 

carbon dioxide and water (ii) for enhancing the biodegradability and decreasing the toxicity of 

the effluent by conversion of toxic compounds to biodegradable intermediates thereby allowing 

the use of biological methods for its further treatment. The conversion of complex organic 

compounds to biodegradable intermediates is much cheaper compared to complete 

mineralization as complete oxidation requires more energy.  

Therefore, in the present study, the CWAO of industrial organic raffinate containing pyridine 

compounds and ammonical nitrogen was carried out at atmospheric pressure using alumina 

based platinum catalysts. The effect of ceria as promoter on the efficiency of CWAO was 

investigated. The Pt/Al2O3 and ceria promoted Pt/Al2O3 catalysts were prepared with incipient 

wetness impregnation method and characterized by different analytical methods such as surface 
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area, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray 

diffraction (XRD), transmission electron microscopy (TEM) and thermo-gravimetric analysis 

(TGA). The feasibility of the CWAO process was investigated by optimizing the various 

operating parameters such as air flow rate, metal loading, catalyst dose and temperature. The 

optimum values of air flow rate, platinum loading, ceria loading and catalyst dosage were found 

to be 1 L/min, 1 wt. % Pt, 10 wt. % CeO2 and 3 g/L respectively and maximum COD removal of 

45 % and 61 % were obtained at the optimum conditions at reaction temperature of 70oC for 

Pt/Al2O3 and ceria promoted Pt/Al2O3 catalysts respectively. The effect of the operating pressure 

on the performance of the CWAO was investigated. The stability of the catalysts was studied to 

determine its potential for long run applications and it was observed that both catalysts were 

quite stable after 3 cycle run and no significant loss in COD removal was observed even after 3rd 

cycle run. The CWAO experimental results were found to be in agreement with the lumped 

kinetic model. The biodegradability and toxicity tests of the CWAO effluent were performed. 

The toxicity of the CWAO effluent decreased considerably while the BOD/COD ratio of the 

CWAO effluent was found to increase significantly. The CWAO effluent was treated by 

biological aerobic and anaerobic techniques to achieve the discharge limits prescribed by 

statutory authorities. 

The low cost alternative such as metal oxide catalyst (MnOx/Al2O3) has been studied to compare 

the results obtained with noble metal Pt/Al2O3 catalyst. The catalysts were prepared using 

impregnation method and characterized using various techniques. The CWAO operating 

parameters such as manganese loading, catalyst dosage and reaction temperature were optimized. 

The effect of the operating pressure on the performance of the CWAO was investigated. The 

catalyst stability tests were performed by repeating the CWAO experiment thrice with same 
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catalyst to explore reusability of the catalyst. The leaching test was performed to determine the 

metal (manganese) leaching from the catalyst into the CWAO effluent. The effect of ceria as a 

promoter on biodegradability enhancement, catalyst recycling and metal leaching was studied. 

The biodegradability and toxicity tests of the CWAO effluent were carried out. A significant 

increase in the biodegradability and complete removal in the toxicity of CWAO effluent obtained 

at 70oC using ceria promoted MnOx/Al2O3 catalyst was observed. The biological aerobic 

treatment of CWAO effluent obtained at 70oC using ceria promoted MnOx/Al2O3 catalyst 

resulted in COD removal of 98.36%. Therefore, it can be concluded that the integration of 

CWAO using ceria promoted MnOx/Al2O3 catalyst and biological treatment can be employed for 

the degradation of industrial organic raffinate containing pyridine and its derivatives. The ceria 

promoted MnOx/Al2O3 catalyst showed good results in terms of catalyst activity, stability and 

biodegradability enhancement of industrial organic raffinate and can replace the costly noble 

metals such as Pt/Al2O3 catalyst. 

 



lkj 

Pyridine vkSj mlds MsfjosfVo ukbVªksftfu;l gSVªkslkbfDyd dEikmaMl gS, tks vkS|ksfxd 
lksyosaV~l vkSj dhVuk'kd] QkekZlwfVdy] jatd] foLQksVd cukus okyh vkS|ksfxdh esa 
baVjehfM,sV~l ds :i esa bLrseky fd, tkrs gSaA Pyridine dEikmaM~l çd̀fr ls 
recalcitrant gSa vkSj United States Environmental Protection Agency (USEPA) us 
Pyridine dks ,d çkFkfed dkcZfud çnw"kd ds :i esa lwphc) fd;k gSA jlk;fud m|ksx 
Pyridine dEikmaM~l vkSj veksfu;k dks mPp rkieku ij nwljs organic dEikmaM cukus ds 
fy, bLrseky djrs gSa rFkk bl çdkj ,sls m|ksx ls çnwf"kr ikuh mRiUu gksrk gS ftldh pH 
ukbVªksftfu;l dEikmaM~l ds dkj.k T;knk gksrh gSA blfy, bl çdkj ds çnwf"kr ikuh 
ftlesa Pyridine dEikmaM~l gksrs gSa, dks ck;ksykWftdy çkS|ksfxdh }kjk lkQ djuk cgqr 
eqf'dy gS]  

çnwf"kr ikuh ftlesa fjQjsDVjh vkSj ukbVªksftfu;l vkxsZfud dEikmaM~l gksrs gSa dks ,d cgqr 
gh vPNh fof/k mRçsjd xhyh gok vkWDlhdj.k (CWAO) vkS|ksfxdh ls lkQ dj ldrs gSA 
CWAO ds nks eq[; mís'; gSa% 1- vkxsZfud dEikmaM~l dk dkcZuMkbvkDlkbM vkSj ikuh esa 
iwjk vkDlhMs'ku 2- çnwf"kr ikuh esa VkWfDld dEikmaM~l dk ck;ksfMxzsMscy baVjehfM,V~l esa 
VwVdj mldh ck;ksfMxzsfCyVh c<+kuk vkSj mldh VkWDlhflVh dks de djukA blds ckn 
ck;ksykftDy ç;ksx ls mldks nksckjk lkQ djukA dkWEiysDl vkxsZfud dEikmaM~l dks  
ck;ksfMxzsMscy baVjehfM,V~l esa rksM+uk T;knk lLrk gS ctk; mldk iwjk vkDlhMs'ku djuk 
D;ksfd mlesa T;knk ÅtkZ dh t:jr gSA  

blfy, bl LVMh esa vkS|ksfxd vkxsZfud jsfQusV ftlesa Pyridine dEikmaM~l vkSj 
veksfudy ukbVªkstu gSa] dks CWAO lss ok;qeaMyh; ncko ij IysfVue csLM ,yqfeuk mRçsjd 
dk mi;ksx dj lkQ fd;k gSA Ceria çkseksVj dk çHkko CWAO dh {kerk ij ns[kk x;k gSA 
Pt/Al2O3 vkSj ceria çeksVsM Pt/Al2O3 mRçsjd incipient wetness impregnation rjhds 
ls cuk, x, vkSj vyx&vyx fo'ys"kd rjhdksa tSls Scanning Electron Microscope, 
Surface Area, Energy-dispersive X-ray Spectroscopy (EDX), X-ray Diffraction 
(XRD), transmission Electron Microscopy (TEM) vkSj Thermo gravimetric analysis 
(TGA) ls characterize fd, x,A CWAO dh lk/;rk mlds fofHkUu ifjpkyu ekud tSls 
air flow rate, metal Loading, catalyst dose vkSj rkieku ls fd;k x;kA Air flow rate, 
metal loading, catalyst dose vkSj rkieku dk loksZÙke eku 1 L/min., 1 wt. % Pt, 10 
wt. % CeO2 and 3 g/L ik, x, vkSj bu ekuksa ij Pt/Al2O3 vkSj ceria promoted 
Pt/Al2O3 mRçsjd ls 70oC ij vf/kdre COD fjewoy 45% vkSj 61% ik, x;kA 
ifjpkyu ncko dk çHkko CWAO ds çn'kZu ij ns[kk x;k gSA mRçsjd dh fLFkjrk dks yacs 
le; rd ç;ksx ds fy, ns[kk x;k gS vkSj nksuksa mRçsjd iw.kZr;k fLFkj ik, x, rFkk COD 
fjewoy esa rhljs ç;ksx pØ pykus ds ckn Hkh dksbZ deh ugha vkbZA CWAO ç;ksx ifj.kke 
lumped kinetic model ds lkFk le>kSrs esa FksA ck;ksfMxzsfMfCyVh vkSj VkWfDlflVh VsLV 
CWAO effluent ij fd;k x;kA CWAO effluent dh VkWfDlflVh de ikbZ xbZ vkSj 
BOD/COD ratio dkQh c<+ x;kA CWAO effluent ck;ksyksftDy ,jksfcd vkSj vu,sjksfcd 
fof/k ls lkQ fd;k x;k rFkk mldk ifj.kke lkafof/kd çkf/kdkjh dh fMLpktZ fyfeV ds vanj 
ik;k x;kA  



de ykxr okys mRçsjd fodYi tSls metal oxide catalyst (MnOx/Al2O3), noble metal 
Pt/Al2O3 ds ifj.kke dh rqyuk djus ds fy, LVMh fd, x,A mRçsjd bEifçXus'ku rjhds ls 
cuk, x, vkSj fofHkUu rjhdksa ls characterize fd, x,A CWAO ifjpkyu ekud tSls 
manganese loading, catalyst dosages and reaction temperature vkWfIVekbt fd, 
x,A ifjpkyu ncko dk çHkko CWAO ds çn'kZu ij vuqla/kku fd;k x;kA mRçsjd dh 
fLFkjrk dk VsLV CWAO ç;ksx dks rhu ckj ,d gh mRçsjd ls djds mRçsjd ds iquçZ;ksx 
dk irk yxkus ds fy, fd;k x;kA fyfpax VsLV manganese dk mlds mRçsjd esa ls 
fyfpax gks tkus dk irk yxkus ds fy, fd;k x;kA ceria çeksVj dk çHkko ck;ksfMxzsfMfCyVh 
ds c<+us] mRçsjd dks nksckjk ç;ksx djus vkSj esVy fyfpax dh tkap ds fy, ns[kk x;kA 
ck;ksfMxzsfMfCyVh vkSj VkWfDlflVh VsLV CWAO effluent ds fy, fd;k x;kA CWAO 
effluent dk ck;ksfMxzsfMfCyVh es c<k+o vkSj VkWfDlflVh dk lekIr gks tkuk ceria 
promoted MnOx/Al2O3 ls 70oC ij feykA Manganese mRçsjd ls 70oC ij çkIr 
CWAO effluent dk ck;ksykWftdy ,jksfcd mipkj ls 98.36% COD fjewoy çkIr gqvkA 
blfy, ;g fu"d"kZ fudkyk x;k fd CWAO ds lkFk ceria çeksVsM manganese mRçsjd 
vkSj ck;ykWftdy mipkj dk ,dhdj.k pyridine vkSj mlds MsfjosfVoOl okyk vkS|ksfxd 
vkxsZfud jsfQusV ds mipkj ds fy, fd;k tk ldrk gSA ceria çeksVsM manganese 
mRçsjd us mRçsjd çfØ;k] fLFkjrk vkSj vkS|ksfxd vkxsZfud jsfQusV dh ck;ksfMxzsfMfCyVh dks 
c<+kus esa cgqr vPNk ifj.kke fn;k gS tks egaxh nobel metal tSls Pt/Al2O3 mRçsjd dks 
cny ldrk gSA  
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XIII 

 

ABBREVIATIONS 

BOD – Biochemical oxygen demand (mg/L) 

COD – Chemical oxygen demand (mg/L) 

EDX – Electron dispersive X-ray spectroscopy 

FTIR – Fourier infrared transform spectroscopy 

GC-MS – Gas chromatography mass spectroscopy  

HPLC – High pressure liquid chromatography 

SEM – Scanning electron microscopy 

TDS – Total dissolved solids (mg/L) 

TOC – Total organic carbon (mg/L) 

TSS – Total suspended solids (mg/L) 

XRD – X-ray diffraction spectroscopy 

NTU – Nephelometric turbidity unit 

 

 

 

 



XIV 

 

NOMENCLATURE 

LST - Liquid space time 

ST - Space time 

LHSV - Liquid hourly space velocity 

HRT - Hydraulic retention time;  

SR - Batch or semi-batch operated stirred-tank reactor with slurry;  

FBR - Continuously operated fixed-bed reactor;  

PBR - Continuously operated packed bed reactor 

TBR- Trickle bed reactor 

TOS- Time on stream 

CNF- Carbon nano fibers  

CNT- Carbon nano tubes 

OSC- Oxygen storage capacity 
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