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ABSTRACT 

In a refinery operation, the profitability margin is increased when heavy /opportunity crudes 

diet are increased in refining process without affecting its processability. High asphaltene 

content in heavy oils can affect the desalter operation by forming strong water emulsions with 

asphaltene, leading to fouling in heat exchangers means excess fuel firing and thus, increased 

CO2 emissions, and/or coking issues due to incompatibility. If this happens, refineries can lose 

more than the advantage of purchasing the heavy crudes. Thus the accurate prediction of crude 

oil blend compatibility can be a robust tool which refinery operators would like to use before 

starting any refinery process. Current benchmark processes to determine crude compatibility 

 

In the present work, a quick and accurate crude oil blend compatibility (K Model) is 

developed by coefficients obtained by regression analysis between the ratios of physical 

parameters of known crude oils and composite compatibility measure determined from 

multiple compatibility test results of the known crude oils. To get the in-depth understanding 

and to develop simple analytical tool, CP-MAS 13C-NMR analysis is used along with other 

analytical techniques such as FT-IR, TLC-FID, CHNS, TGA and XRD for characterizing 

asphaltenes. CP-MAS 13C-NMR data in correlation with other characterization data revealed 

that with increase of aliphatic-carbon with respect to aromatic-carbon in an asphaltenic 

structure would lead to incompatibility. This finding was substantiated through desalting and 

fouling experiments.  

A method (s) and system (s) has been attempted for predicting detailed 

characterization of unknown crudes based on few physical parameters within minutes 

otherwise standard laboratory based testing takes 3-

investigation of physical parameters of crudes and their impact on kinematic viscosity of 

residue and heavy products has been carried out to increase heavy oil processing.    
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For upgrading heavy oils, a two stage solvent deasphalting dearomatization (SD-A2) 

process has been conceptualized for upgrading heavy oils. In the first stage, pentane, heptane 

and refinery untreated/ treated naphtha streams were investigated for deasphalting 

performance. To enhance the deasphalting, spent catalyst from Fluid Catalytic Cracking Unit 

(FCCU) is used in the first stage which showed increase in pitch yields up to 2 wt%. In the 

second stage, six polar solvents viz. sulfolane, N-methylpyrrolidone (NMP), tri-ethylene 

glycol, tetra-ethylene glycol, furfural and N-formylmorpholine (NFM) have been analyzed for 

dearomatization. The phase equilibria behaviour of these six potential polar solvents was 

investigated, including the interaction behaviour of their components with heavy oil 

components using ternary phase diagrams at ambient conditions, before selecting the most 

suitable solvent for dearomatization. Based on the phase equilibria data, distribution 

coefficient, selectivity, and performance index (PI) of the solvents was also estimated. For the 

oils which have C6 C15 carbon range, the universal quasi-chemical UNIQAC model was used 

to predict the liquid liquid equilibria (LLE) and solvent NMP gave highest PI for the high 

carbon number feedstock. The effects of solvent types and solvent to feed ratio on the 

deasphalting performance was also investigated. Finally, the DAO obtained at each stage was 

fed to a FCC bench-scale unit and the results showed significant improvement in gasoline 

yields up to 5 wt% and the coke was also lowered to 2 wt%. 
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CCU  Catalytic Cracking Unit 
CDU  Crude Distillation Unit 
CHNS Carbon, Hydrogen, Nitrogen, Sulphur  
CII  Colloidal Instability Index 
CLO  Clarified Oil  
CP-MAS Cross Polarization Magic Angle Spinning 
CS  Cutter Stock 
CSI  Colloidal Stability Index 
CRDC Corporate R&D Centre  
C5  Pentane 
C7  Heptane 
DAO  Deasphalted Oil 
DCU  Delayed Coker Unit 
DHA  Detailed Hydrocarbon Analysis 
DHDS Diesel Hydro-Desulphurization  
D1  Differential in crude price 
D2  Differential in processing cost 
FBP  Final Boiling Point 
FCCU  Fluid Catalytic Cracking Unit 
FID  Flame Ionization Detector 
FO  Fuel Oil 
FP  Flash Point 
FR  Flocculation Ratio 
FT-IR  Fourier Transform Infrared Spectroscopy 
GC  Gas-Chromatography 
GO  Gas Oil 
HCU  Hydrocracker 
HD  Heptane Dilution 
HN  Heavy Naphtha 
IBP  Initial Boiling Point 
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IN  Insolubility Number 
IPR  Intellectual Property Rights 
IR  Infrared (IR)  
K   Compatibility (Kompatibility) 
Kero  Kerosene 
KR  Kochi Refinery 
KV  Kinematic Viscosity 
KW  Kuwait 
KV-VR Kinematic Viscosity of Vacuum Residue 
LCO  Light Cycle Oil 
LEDA Low Energy Deasphalting 
LLE  Liquid-Liquid-Extraction 
LN  Light Naphtha 
LPG  Liquefied Petroleum Gas 
LSFO  Low Sulphur Fuel Oil 
LSHS  Low Sulphur Heavy Stock 
MCR  Micro Carbon Residue 
MH  Mumbai High 
ML  Marib Light 
MR  Mumbai Refinery 
MS  Mass Spectroscopy 
MW  Molecular weight  
N  Nitrogen  
NB  Nile Blend 
NFM  N-formylmorpholine 
Ni  Nickel 
NMP   N-methylpyrrolidone 
NMR  Nuclear Magnetic Resonance 
OAP  Onset asphaltene precipitation 
OCM  Oil Compatibility Model 
P  Heithaus Parameter 
Pa   Solubility of asphaltene in oil  
PI  Performance Index 
Po  Solubility power of maltenes in oil 
PP  Pour Point 
QQA  Qualitative-Quantitative Analysis 
R  Resins 
RCR  Ramsbottom Carbon Residue 
RG  Ras Gharib 
RGA  Refinery Gas Analyzer 
RGP  Refinery Gate Price 
RJ  Rajasthan 
RMSE Root Mean Square Error 
RN  Raffinate Naphtha 
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 ROSE  Residuum Oil Supercritical Extraction 
RPC  Refinery processing cost 
S  Sulphur 
SARA Saturates, Aromatics, Resins, Asphaltene 
Sat  Saturates 
SB  Saharan Blend 
SBN  Solubility Number 
SCP  Stability Cross Plot  
SDA  Solvent Deasphalting 
SD-A2 Solvent Deasphalting Dearomatization  
SG  Specific Gravity 
SimDist Simulated Distillation 
SP  Stankiewicz Plot 
TBP  True Boiling Point 
TE  Toluene Equivalence 
TETRA Tetra-ethylene glycol 
TGA  Thermo gravimetric analysis 
TLC  Thin Layer Chromatography  
TMS  Sulfolane 
TRI  Tri-ethylene glycol 
UCO  Unconverted Oil 
UNIQUAC Universal quasi-chemical 
UV  Ultraviolet 
UZ  Upper Zakum 
V  Vanadium 
VDU  Vacuum Distillation 
VGO  Vacuum Gas Oil 
VR   Vacuum residue 
VS  Volume of solvent 
VT   Titrant volume  
WA  mass of oil sample 
WC  West Canadian 
XRD  X-Ray Diffraction 


	RAJEEV KUMAR.pdf



