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Analyses of Petroleum Vacuum Residue before and after
Hydrogenated-Desulfurization(HDS)
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Structural and compositional changes of vacuum residue (VRF), its maltene and asphaltene
before and after HDS at some temperatures by some catalysts were investigated by 'H-, 13C-NMR,
ESR, TOF-MS and XRD to clarify the sludge structure and its formation mechanism. Such analyses
revealed the chemical structure of hydrocarbons, molecular flexibility and molecular weight
distribution, entanglement and stacking of alkyl chains and aromatic planes. The metallic content of
asphaltene in feed and desulfurized VRF was found much the same although HDS removed metal
according to its severity. The aromatic natures of maltene for dissolving activity, molecular weight
distribution of asphaltene for solubility and molecular flexibility for entanglement and stacking
appeared to influence the sludge formation.
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Figure 1 Solvent fractionation procedure
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Table 1 Elemental analyses of VRF and its derived fraction

NC
Saple Yild C H N O HC [m/mdl N#V "CNMR
[ [wt%l wt%] [wt%] [wt%) lmolmal] (<1039 [ppm]  fa

VRF 100 -3 109 025 450 155 254 110 031
Ma 938 3 110 04 452 15 24 - 029
As 620 &5 746 099 907 108 103 — 054
VR1 100 80 127 006 024 173 059 21 017
Ma 82 81 128 004 010 175 039 - 015
As L77 81 804 08 6% 114 9.07 - 053
VR2 100 8.1 124 007 03% 1N 0.0 2 020
Ma 91 81 15 007 036 171 0.9 — 018
As 093 &6 772 0% 775 110 9.85 - 053
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Figure 2 Solubility of VRF in the mixture of toluene
and heptane
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Figure 3 1C-NMR spectra of VR
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Figure 8 Dipolar dephasing *C-NMR spectra
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Figure 11 TOF-MS spectra of asphaltene
] G FRLO:  S.43EIZ GHz PONER: ©. 48000
am - ) e -o

Figure 9 ESR spectra of asphaltenes
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Figure 12 1C-NMR spectra of maltene
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