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A Study on the Synthesis of Alkyl Naphthenic QOil by the
Catalytic Hydrogenation Reactions of Alkyl Aromatic Compound

Ju-Hwan Choi, Hung-Gu Han, Ung-Su Choi, Oh-Kwan Kwon
Tribology Laboratory, KIST

Abstract—The naphthenic base oil has been formulated to insulating and refrigerating oils. In
the views of decreasing of the naphthenic crude oil, new sources as its replacement have been
needed. To solve this situation, the synthesis of naphthenic oil has been carried under hydrogena-
tion reactions of alkyl aromatic compounds using various catalysts. The sturcture of reaction produ-
cts has been investigated using spectroscopic methods such as NMR, UV, IR and HPLC. On the
basis of the experimental results, it was convinced that unsaturated aromatic ring was saturated
to saturated rings, and also optimum conditions established. Throughout this study, new resource
as the replacement of conventional naphthenic oil has introduced.
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Table 1. The composition and physical properties of
Ni-catalysts

Catal-| Form Appa. Bulk Surface | Total Pore Nickel
ots ™ Density | Area | Volume % wt
y g/cc m?/g ce/g ¢
P1/8” 0.80 150 - 50
H-32 '
E1/16” 0.80 150 0.50 50
P1/8” 0.80 180 - 56
H-64
T3/16” 1.20 180 0.30 56
H-0.3 | T1/8" 1.15 l 85 0.30 11

*E; Extrusion, T; Tablet, P; Powder

Table 2. Physico-Chemical Properties of Heavy Linear
Alkyl Benzenes Used for the Catalytic Hydrogenation
Reactions

Properties I II 111
Viscosity @40T 29.31 33.28 32.52
¢St @100T 461 5.08 491
Viscosity Index 52 68 56
Bromine Number 7.2 7.35 7.35
Color, ASTM L15 L15 -
Flash Point, COC, T | 201 211 207
Pour Point, € —45 —55 —52
Aniline Point, T 60 63 62
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* UV (Cary 17D Spectrophotometer) A3 =7
» %24-7] 1 0.1 cm matched pair of far UV silica cells,
fitted with stoppers

o A ] | 186~300 nm
* HPLC (Waters 441 HPLC) A3 x71
e Column: C18 p-bondapak Column
« Flow rate: 1.0 m//min (Solvent: n-Hexane +MeQH)
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Table 3. Test Results of the Catalytic Hydrogenation of Alkyl Aromatic Compound by Various Catalysts

Reaction Condition Test Results
Catalysts Temp. | H; press.| LHSV Viscosity, cst
VI BN Remarks
(@ psig I/hr @40T @100t
1 33.28 5.08 68 7.35 color L1.5
Feed Base
2 32.52 491 56 7.35
Co-Mo/AlLOs 280 94 1.0 32.90 5.03 66 3.83 color LO5
280 700 25 25.97 441 63 47 color LO.5
1 280 800 5.0 32.65 5.04 70 54
Ni-Mo/ALOs 280 9 1.0 23.70 455 65 3.29 color LO.5
280 700 50 3175 494 67 44 color LO.5
H-32 280 300 1.0 34.19 507 60 1.53
Ni- 280 94 1.0 37.23 532 61 0.40
Cat. | H-64 280 94 1.0 32.88 497 59 0.82
H-03 280 94 1.0 32.76 4.93 57 3.40
2
Pd-Catalyst 150 84 1.0 32.69 492 56 3.10
150 140 1.0 32.56 4.94 57 2.57
200 300 1.0 3303 495 57 247
200 460 1.0 33.37 498 57 2.40
Table 4. Test Results of Catalytic Hydrogenation of Alkyl Aromatic Compound by Ni-Catalysts
Reaction Condition Test Results
Temp. H, press. LHSV Viscosity, cst
. ) VI BN IR Anal
C psig I/hr @407T @100C
 I—
Feed Base 29.31 461 52 7.2 X
120 100 7.5 29.81 4.62 52 30 X
150 100 7.5 29.90 4.66 51 2.8 X
200 50 30.72 4.66 53 2.3 X
H-32
200 100 7.5 30.59 4.73 54 23 X
200 5.0 32.93 494 57 0.51 X
230 100 7.5 30.87 476 54 11 0
200 5.0 34.88 5.12 59 04 0
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Table 5. Comparative Table of Physical Properties of
Feed Base and the Hydrogenated Product

Samples Hydrogenated
Test Items Feed Base Alkyl Aromatics
Viscosity @40T 29.31 32.36
cSt @100T 4.61 491
Viscosity Index 52 59
Bromine Number 7.2 0.39
Color, ASTM 15 Saybolt + 30
Flash Point, COC, T 201 197
Pour Point, T —45 —45
Aniline Point, € 60 73
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Fig. 1. Infrared spectra of catalytic hydrogenated pro-
ducts by H-32 catalyst and feed base according to reac-
tion temperature in the range between 780 cm™' and
660 cm ™!
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Fig. 2. Infrared spectra of catalytic hydrogenated pro-
ducts by H-32 catalyst, feed base, and naphthenic oil
according to H, pressure in the range between 2000
em™! and 1700 cm ™!

A; Feed Base

B; H-32, 300 psi, 280C LHSV=10.0

C; H-32, 600 psi, LHSV=10.0, 280

D; Naphthenic oil
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Table 6. RBOT (ASTM D-2112) Test Results as Base Oils

Samples . .
Test Items Feed Base | Mineral Oil Hydrogenated Product 1 Hydrogenated Product 2
Time, min 17 14 19 21
TAN, mg KOH/g 3.03 3.23 240 2.06
Color, ASTM 45 45 3.0 20

* Experimental Condition: 140C, 100 rpm, + 5%
* Hydrogenated Product 1: H-32 Catalyst
Hydrogenated Product 2: H-32+ Ni-Mo/AlO; Catalyst
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Fig. 3. Infrared spectra of catalytic hydrogenated pro-
ducts by H-32 catalyst, feed base, and naphthenic oil
according to H; pressure in the range between 950 cm™'
and 675 cm™!

A; Feed Base

B; H-32, 300 psi, 280C

C; H-32, 600 psi, LHSV=10.0, 280C

D; Naphthenic oil
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Fig. 4. "C-NMR Spectra of catalytic hydrogenated
product by H-32 catalyst and feed base
A; Feed Base, B; H-32, 2807, 94 psi
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Fig. 5. High performance liquid chromatograms of ca-
talytic hydrogenated products by H-32 and H-64 cataly-
sts and feed base
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Fig. 6. UV spectra of catalytic hydrogenated product
by H-32 catalyst and feed base
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