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The reactivity of hydrocracking and performance of vacuum residue (VR) pretreatment was studied before
residue hydrodesulfurization (HDS) for successive RFCC to convert VR to gasoline. Large NiMo pores and
many acid sites with moderate strength on the boria-alumina support were very favorable to enhance hydrodemet-
allization (HDM), HDS, and cracking of VR, which increased the yield of the lighter fraction, resulting in an
atmospheric residue-like composition from VR feed for RFCC. The lifetime of the pretreatment catalyst was six
months, so two alternating reactors allows one year of continuous operation of the total process without any prob-
lems. The properties of the VR pretreatment oil changed by VR pretreatment conditions were evaluated to
investigate the hydrocracking reaction of VR, in particular the relationship between the reactivity of VR pretreat-
ment oil and product properties in the HDS unit. Higher temperatures for the pretreatment led to improved qual-
ity of the product oil for successive HDS. Catalyst deactivation in the HDS unit was not influenced by the pre-
treatment conditions. VR conversion of more than 45% could be achieved with the combination of the VR pre-

treatment unit and HDS unit.
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Table 1 Physical Properties of Catalyst Table 2 Properties of Feedstock
Surface area ~ Pore volume  Mean pore diameter KU-VR1  KU-VR2  KU-AR
2 3 ;
[me] [em/e] [relative] Density [gem®]  1.0425 1.0282  0.9744
Cat. A 125 0.68 1.0 (base) Sulfur [mass%)] 5.0 4.3 4.0
Cat.B 130 0.71 1.0 (base) CCR [mass%]  24.0 21.0 12.0
Cat.C 90 0.65 1.4 Metal(Ni + V) [massppm] 305 200 80
Cat.D 100 0.62 1.1 Asphaltene [mass %] 11.5 8.8 3.6
CatE 250 0.56 0.5 VR yield [mass%]  85.1 87.2 46.3
Cat.F 310 0.54 0.4 . . N .
CCR: Conradson carbon residue. VR yield: 538°C heavier
fraction.
BN TH L, RIS, BMOT vy 77—+ v 7 &lli+
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Fig. 1 Flow Sheet of VR Pretreatment Unit and HDS Unit
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Fig. 2 Spectrum of VR Pretreatment Catalyst Analyzed by
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Fig. 3 Relationship between HDM and VR Conversion on VR
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Fig. 4 Relationship between HDM and HDS on VR Pretreat-
ment Catalyst
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Fig. 5 Trends in HDM Activity at VR Pretreatment Unit
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Fig. 6 Trends in HDS Activity at VR Pretreatment Unit
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Fig. 7 Trends in HDS Activity at HDS Unit
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Table 3 Properties and Relative Activities of VR Pretreatment

Oil
VPO_A VPO_B VPO_C

Sulfur [mass%] 3.1 2.5 2.3
CCR [mass %] 17.5 159 153
Metal(Ni + V) [massppm] 100 86 80

VR conversion [%] 11.5 18.0 29.0
kS(Vpo)/kS(AR) 0.31 0.36 0.41
km(VPO)/le(AR) 037 042 047

CCR: Conradson carbon residue.
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Table 4 Properties of Product Oil

POr) POwvro_a) POwro sy POwro_c)

Sulfur [mass%] 0.14 0.45 0.40 0.38
CCR [mass%] 2.7 8.6 8.5 8.2
Metal(Ni + V) [massppm] 7 35 28 23

VR conversion [%] 39.5 36.0 37.3 46.2

CCR: Conradson carbon residue.
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