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Abstract : The objective of this study is to prepare bead-type and pellet-type Pt (1 wt%)/Kieselguhr catalysts as hydrogenation
catalysts for the polycyclic aromatic hydrocarbons (PAHs) included in pyrolysis fuel oil (PFO). The optimal reaction
temperature to maximize the yield of saturated cyclic hydrocarbons during the PFO-cut hydrogenation reaction in a trickle
bed reactor was determined to be 250 °C. A hydrogen/PFO-cut flow rate ratio of 1800 was found to maximize 1-ring
saturated cyclic compounds. The yield of saturated cyclic compound increased as the space velocity (LHSV) of PFO-cut
decreased. The difference in hydrogenation reaction performance between the pellet catalyst and the bead catalyst was
negligible. However, the catalyst impregnated by Pt after molding the Kieselguhr support (Al catalyst) showed higher
hydrogenation activity than the catalyst molded after Pt impregnation on the Kieselguhr powder (BI catalyst), which was a
common phenomenon in both the pellet catalysts and bead catalysts. This may be due to a higher number of active sites over the
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Al catalyst compared to the BI catalyst. It was confirmed that the pellet catalyst prepared by the Al method had the best reaction
activity of the prepared catalysts in this study. The majority of the PFO-cut hydrogenation products were cyclic hydrocarbons
ranging from Cs to Cis, and Cy; cyclic hydrocarbons had the highest distribution. It was confirmed that both a cracking reaction
and hydrogenation occurred, which shifted the carbon number distribution towards light hydrocarbons.
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Figure 1. Preparation procedure of Pt/Kieselguhr catalysts

Table 1. Images of bead type and pellet type catalysts

Pellet type Bead type
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Figure 2. Schematic diagram of trickle-bed reactor for PFO [16]
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Figure 3. (a) N, adsorption-desorption isotherms, (b) Pore size
distribution of the Pt/Kieselguhr catalysts

Table 3. Physical properties of Pt/Kieselguhr catalysts

a b c

Catalysts (ISESZE/Tg) (CZI*; o) (]I?Il;l)
Powder 30 0.086 93.7
Pellet 4 mm Al 24 0.037 3.7
Pellet 4 mm BI 31 0.040 3.7
Bead 2 mm Al 22 0.055 3.7
Bead 2 mm BI 31 0.057 3.7

*Surface areas calculated using the BET method
®Total pore volumes estimated from the isotherm at p/ps=0.99
“Pore sizes calculated using the BJH method
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Figure 4. NH;-TPD profiles of the Pt/Kieselguhr catalysts.
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Figure 5. H,-TPR profiles of the Pt/Kieselguhr catalysts.
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Table 4. Composition of PFO-cut hydrogenation product (catalyst:
Pt/Kieselguhr(Pellet AI), reaction pressure: 50 atm,
reaction temperature: 250 °C, LHSV of PAHs: 1.5 h',
VHSV of Hy: 3000 h'', time-on-stream: 10 h)

Component” ‘ Area (%)°
Saturated hydrocarbons
Cyclohexane 0.17
C1-Cyclohexane 0.05
C2-Cyclohexane 0.08
C3-Cyclohexane 0.27
C4-Cyclohexane 1.36
C6-Cyclohexane 4.01
Hexahydroindan 0.66
Decalin 2.30
Cl-Decalin 2.40
C2-Decalin 3.26
Bicyclohexyl 4.84
Perhydroanthracene 3.08
Cl1-Perhydroanthracene 0.13
Unsaturated hydrocarbons

C1-Benzene 0.29
C2-Benzene 1.12
C3-Benzene 1.74
C4-Benzene 0.14
C5-Benzene 0.83
C7-Benzene 1.05
C8-Benzene 2.02
C9-Benzene 1.35
C2-Indane 24.71
C3-Indane 0.13
C5-Indane 0.82
C5-Indene 0.25
Tetralin 0.19
C1-Tetralin 0.28
C2-Tetralin 0.09
C4-Tetralin 0.20
Biphenyl 0.48

* The ‘C’ number refers to the number of carbons included in the branched
functional group; e.g., ‘C2-Cyclohexane’ means cyclohexane with two
methyl groups or one ethyl branch.

" Based on GC-MS using THF as a solvent
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Figure 10. Carbon number distribution of products (reaction
pressure: 50 atm, reaction temperature: 250 °C, LHSV
of PFO-cut: 1.5 h'l, VHSV of Hy: 3000 h'!, time-on-
stream: 10 h)
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