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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/Al,0O3; and ceria promoted Pt/Al>O; catalysts were prepared with incipient

wetness impregnation method and characterized by different analytical methods such as surface

v



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 CWAQO 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. % CeO; and 3 g/L respectively and maximum COD removal of
45 % and 61 % were obtained at the optimum conditions at reaction temperature of 70°C for
Pt/Al>,O3 and ceria promoted Pt/Al,Os 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
CWAQO 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/Al,0O3) has been studied to compare
the results obtained with noble metal Pt/Al,O3 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



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 CWAOQO effluent were carried out. A significant
increase in the biodegradability and complete removal in the toxicity of CWAO effluent obtained
at 70°C using ceria promoted MnOyx/AlOs catalyst was observed. The biological aerobic
treatment of CWAOQO effluent obtained at 70°C using ceria promoted MnO,/Al,O3 catalyst
resulted in COD removal of 98.36%. Therefore, it can be concluded that the integration of
CWADO using ceria promoted MnO,/Al,0Os catalyst and biological treatment can be employed for
the degradation of industrial organic raffinate containing pyridine and its derivatives. The ceria
promoted MnOx/AlbO3 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/Al>Oj3 catalyst.
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KSIKS

Pyridine iR S9a sRafea g egNEfdas drssd 7, S SiEifie
Alefded 3R PlcARd, BERIChd, ob, fdW@blcd I arell Aefiial +
SCWISUcE & wU H SWHA by & Z1 Pyridine dHkSed  Ugfa W
recalcitrant & 3fR United States Environmental Protection Agency (USEPA) H
Pyridine @I T& WIfie dEMS UgEd & ®©U H qUidg fGA1 2| \as SenT
Pyridine ®¥IRSEH 3R IMIFAT & I=d dYAM W A organic RS 4 &
foTg SR xd € AT 39 UBR U ST A UgAd 9l S0 8T & oIt pH
AN HHSSE & BRY WG 8l 2 39l 39 YR & ugfa ol
/95 Pyridine ®WIGSSH 81 ©, P dRAGNhA UG §RT A% HRAT 984
qRE 2,

ugvd U o Revaedl @ik AR e HHSsd 8l & &l Ub agd
Bl orel fafy SoR® el gaT SffaRiIexoT (CWAO) Sienfiral | A% R ddhd 2 |
CWAO & 31 T ST & 1. 3MIH Hresd & dra-esendase iR ar
ORT ARSI 2. Ug¥d a1 # Cifidds wHesd & qRifSUsad ScHIfsyed H
TTIR JAD! NS Fgr T 3R IFd! TN B HH H=AT| 39D d1Q
JRAISTET TART ¥ B IEART AH HRAT| DR IF(DH  HrISSd Bl

JRAIEUSTA SSRHINSTCH ¥ AT RT KT © ol IFdT GRT ARSI HIAl

FIfh IAH SITeT FHoll bl SToed 2 |

safely 39 Wl # S omifd Xfheic 8 Pyridine ®wkssd @R
HINHA g 8, Dl CWAO 4 dIgHSeid Ga1d IR WIfCTH 9% YAl SRS
BT SYATNT B A% fHar 2| Ceria WHIER & Y9G CWAO &1 efHdT TR ST 7 2 |
Pt/Al,0; 3R ceria FAICS Pt/Al,0; SRS incipient wetness impregnation TXI®
A §9C MY SR S —3felT favelsd aRidi oI Scanning Electron Microscope,
Surface Area, Energy-dispersive X-ray Spectroscopy (EDX), X-ray Diffraction
(XRD), transmission Electron Microscopy (TEM) 3iR Thermo gravimetric analysis
(TGA) | characterize fT 77| CWAO @& dreydr S9& A= gRered a\d o
air flow rate, metal Loading, catalyst dose 3R dTU®™ ¥ fdar 1| Air flow rate,
metal loading, catalyst dose 3iR YA &7 Far™ #1911 L/min., 1 wt. % Pt, 10
wt. % CeO, and 3 g/L 90 7T 3R 39 #MI W Pt/AlL,0; 3R ceria promoted
Pt/Al,0; SOR& ¥ 70°C R Af&mad COD RHaal 45% 3R 61% dUW 47|
qREATAT TE1d BT U9d CWAO & USIH TR <@T AT B | SoRd & ReRdAl &I d
HHI Tb TART & oY <@r 11 2 SR QM SoRe Yoiqar Rer 91q g g2r COD
Rge § AR YN Ih Il & a8 |1 dls HH ol 3s | CWAO TIRT uiRormH
lumped kinetic model @ 1 FHEd # | SRIfSUfSfad @ik SifRIRE o<
CWAO effluent W fdar & CWAO effluent @1 SifaRdl &89 uis T3 3R

BOD/COD ratio @1®! §¢ aT| CWAO effluent IrITAIRNTdT TRIfdd 3R RIS
fafr & 9w fhar a7 9o ST R Fifdfds aifidery & fswms forffie & aier
T 37 |




$HH ANTd dTel SOR® fdded o metal oxide catalyst (MnO,/Al,03), noble metal
Pt/Al,0; & YRUTH &I Tl B & oIy TSl fby 7Y | ISRS s WRdb A
917 Y &R faff=1 a¥Idl | characterize fT 0| CWAO IRaTe™d AM& SN
manganese loading, catalyst dosages and reaction temperature 3iffteHrssl fdu
MY | IR a1 BT 99 CWAO & Uegi WR g fbar Tar| IoRe @l
ReRAT &1 S CWAO WART &I 1 R Udh & ISRD I BRD SSRD &b JAUINT
P Udl o & forg far ar| foafei € manganese @1 S9® SOR$ H ¥
fAfiT 81 99 &1 uar o e @ v fhar 31| ceria UHIER &1 UWG qrafsufefeac!
P 9o, SOR® ®I IERT TN HxA 3R Ao fafir & S & fau <@r |
JrEfsUfsfeardl 3R <ifaaRidl e CWAO effluent @& ferw f&ar mar1 CWAO
effluent @1 IEIfeafsfeadl & dg@ ik <IfRIRST &1 99 & ST ceria
promoted MnO,/AlL,0; ¥ 70°C IR fieT| Manganese SoR® W 70°C TR U<
CWAO effluent &1 IRITdTShd WRifded IUaR ¥ 98.36% COD R¥adt U<l ga |
safery a8 f=py Mdrem T f& CWAO & ¥1T ceria THICS manganese SoR®
3R IRIAIRNTHS SUAR BT YHIRU pyridine iR Sa@ sSRafeas arer sienfis

M b & STIR & U fHar ST AahdT 81 ceria FHICS manganese
SN o IIANGH Ufehar, Rewdr v sienfiie smifae Yfhae o sfeufefeatds o1

ge W dga 3wl URUH f&ar g S #89 nobel metal S Pt/AlLO; SOR® &I
gaoT AhdT 2 |
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