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Involvement of Asphaltene Decomposition in the Rapid Deactivation of
Hydrodesulfurization Catalysts under Conditions for
Deep Desulfurization of Atmospheric Residue
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The effect of asphaltene (ASP) decomposition on catalyst deactivation under deep desulfurization conditions
was investigated by reduction of sulfur from 0.3 to 0.1 mass% in a treated atmospheric residue (AR) over two
kinds of commercial catalysts, namely CDS-R2 and 46Y-678, in a pilot scale fixed bed reactor. The CDS-R2
catalyst was supported on y-alumina with medium pore size (11 nm) and the 46Y-678 catalyst was supported on
Y-type zeolite. The life of 46Y-678 was longer than that of CDS-R2, but was not adequate for application to
commercially operated hydrotreating equipment. The rapid decomposition of ASP on the catalyst may be
responsible for the catalyst deactivation from analysis of ASP in the product oil. Characterization of the used
catalyst and the asphaltene revealed that coke was uniformly deposited on the catalyst and the coke content after
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1000 h of time on stream was almost the same as that after 1 year in a commercial hydrotreating process.
coke content increased at the outer surface of catalyst by growth of a carbon shell.

The
Decomposition of asphaltene

is probably responsible for rapid catalyst deactivation in deep hydrodesulfurization.
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Table 1

Properties of Catalysts

Catalyst name CDS-R2 46Y-678 CDS-DM5
Shape (size) Tri® (0.79 mm) Tri (0.79 mm) Tri (0.79 mm)
Physical properties
Surface area [m%g] 220 230 178
Pore volume [cm3/g] 0.62 0.55 0.63
Average pore size [nm] 10.6 9.6 14.2
Apparent density [g/em?] 0.53 0.60 0.52
Chemical composition
MoOs [mass %] 12.0 17.0 7.0
NiO [mass %] 1.5 — 1.4
CoO [mass %] 1.0 3.6 —
SiO, [mass %] trace- 3.5- —
a) Trilobe.
4 A 4 Table 2 Impurity Content in KW-AR and Extracted ASP from
Feed KW-AR
S= 3.8 mass% Impurity content in AR
Sulfur content [mass %] 3.8
Nitrogen content [ppm] 1900
Ni/V [ppm/ppm] 16/57
CCR [mass %] 10.0
ASP content [mass%] 4.7
Impurity content in extracted ASP
Sulfur content [mass%] 7.5
Nitrogen content [ppm] 7200
$=1.0 03 0.1 mass% NIV [ppm/ppm] 170-540
Impurity content in ASP/mass of AR
Fig. 1 Reactor Set up and Sulfur Content in Product Oil Sl}lfur content [mass %] 035
Nitrogen content [ppm] 340
Ni + V content [ppm] 33
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Table 3 Properties of Feed Oil (treated KW-AR)

Feed oil
Density [g/em?] 0.884
Sulfur content [mass%] 0.30
Nitrogen content [ppm] 640
Ni + V content [ppm] not detected
Asphaltene content [mass%] 1.1

Vol. 47,

Table 4 Experimental Conditions for Deep Hydrodesulfuri-

zation
LHSV [h™"] 0.5
Ha/feed oil [Nm*/m?] 700
Total pressure [MPa] 14.0
H/N; ratio [—1 90/10
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rier transform infrared spectrometer) % %475 72, F 72, it
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Fig. 2 Relationships between Reaction Temperature, Sulfur
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Fig. 3 Sulfur Distribution in Maltene and Asphaltene in
Product Oil
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Fig. 4 Carbon Deposit Distribution on Used HDS Catalyst Measured by EPMA
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