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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
CO; 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
is done experimentally and takes minimum weeks’ time to complete.

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 '3C-NMR analysis is used along with other
analytical techniques such as FT-IR, TLC-FID, CHNS, TGA and XRD for characterizing
asphaltenes. CP-MAS '3C-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 3-4 weeks’ time. In addition to this,
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-A?)
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 C¢—Ci5 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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