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Catalyst Deactivation in Distillate Hydrotreating (Part 2)
Raman Analysis of Carbon Deposited on
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Carbon deposited on spent vacuum gas oil (VGO) hydrotreating catalysts from a commercial plant was investi-
gated by elemental analysis and Raman spectroscopy. The samples of spent catalysts were separately recovered
from the catalyst bed at several depths in the reactor after one year of commercial operation at 8§ MPa, 360-400°C
and LHSV 2 h™!. The amount of coke deposited increased with depth in the catalyst bed, whereas volatile com-
ponents in the spent catalyst decreased. The Raman spectrum of the carbon deposits on all catalyst samples
showed bands at 1600 cm™ and 1350 cm™', which became more pronounced at greater depths in the catalyst bed.
Calcination of the catalyst at 500°C for 2 h under a nitrogen gas stream caused marked enhancement of the bands
of coke on the catalysts recovered from the upper part of the bed, but had no effect on the bands of coke on the
catalysts recovered from the lower part of the bed. The asphaltene fraction contaminated with VGO was
adsorbed on the catalyst in the upper parts of catalyst bed and condensed at the designed reaction temperature.
In contrast, the higher temperatures at the lower parts of the catalyst bed due to the heat released by the hydro-
genation reaction had extensively carbonized the adsorbed VGO to form partially graphitized carbon on the cata-
lyst surface. Raman spectroscopy indicated the reaction temperature at each location of the catalyst bed and the

progress of exothermic reactions.
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Fig. 1 Raman Spectra of Amorphous Carbon Materials
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Table 1 Results of Carbon Quantitative Analysis

Carbon [wt%]

Reduction
Calcination [wt%]
before after
SC1 6.8 6.0 13
SC2 7.9 6.8 14
SC3 11.2 11.0 2
SC4 12.7 9.0 29
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Fig. 2 Raman Spectra of Spent Catalysts
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Fig. 3 Raman Spectra of SC1

Table 2 Results of Raman Analysis

Intensity

Peak 1 Peak 2
Position 1600 cm™ 1350 cm™ T3so/Teoo [em™] [em™]
SC1 edge 0.101 0.116 1.14 1601.0 1359.8
middle 0.082 0.065 0.80 1602.6 1357.3
center 0.082 0.068 0.82 1597.7 1357.3
Calcined edge 0.103 0.079 0.77 1604.3 1359.8
SC2 edge 0.188 0.184 0.98 1602.6 1362.3
Calcined edge 0.180 0.129 0.72 1606.8 1335.0
SC3 edge 0.290 0.224 0.77 1607.6 1332.5
middle 0.230 0.170 0.74 1606.8 1335.0
center 0.200 0.146 0.73 1606.8 1332.5
Calcined edge 0.109 0.082 0.76 1609.3 1335.0

SC4 edge 6.255 — — 1603.5 —
Calcined edge 0.384 0.367 0.96 1596.0 1343.2
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Fig. 6 Raman Spectra of SC2 before/after Calcination

Fig. 4 Raman Spectra of SC3
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Fig. 7 Raman Spectra of SC3 before/after Calcination

Fig. 5 Raman Spectra of SC1 before/after Calcination
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Fig. 8 Raman Spectra of SC4 before/after Calcination
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