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Abstract
The 2-ethyl-hexanol compound is much needed in the plasticizer industry as a precursor for the synthesis of bis diesters (2-ethyl hexyl)
phthalate (DEHP). This compound can be synthesized by oxo reaction. One of the steps in the oxo reaction is consecutive hydrogenation
reaction of the 2-ethyl-2-hexenal to 2-ethyl-hexanol. This reaction requires nickel-based catalyst as an effective step for obtaining higher
and purer 2-ethyl-hexanol yields. This research aims to develop the formula and procedure of catalyst synthesized in Laboratory of Catalysis and Reaction Engineering Institut Teknologi Bandung and get a rate of the reaction. The catalysts were synthesized by co-impregnation
with a nickel content of 20%-w and varied with molybdenum loading (5-20%). The support that used for these metals is alumina-phosphate
(AlP2). The synthesized catalysts were tested for their activity against the 2-ethyl-2-hexenal conversion at 120°C, 30 bar in the fixed bed
reactor and compared its performance with a commercial catalyst. The results showed the addition of molybdenum loading increases
selectivity of 2-ethyl-hexanol but decrease the conversion of 2-ethyl-2-hexenal. The highest selectivity was achieved by Ni5-Mo20/AlP2
(X=31%, S=85%), but the highest conversion was achieved by Ni20/AlP2 (X=88%, S=32%). Nickel tend to play a part of breaking the
C=C bond. Meanwhile, molybdenum tends to break the C=O bond. This shows that the hydrogenation of C = C bonds and the C = O bond
is very depending on nickel and molybdenum metal loading.
Keywords: 2- Ethyl-Hexanol; Nickel Catalyst; Hydrogenation.

1. Introduction
The 2-ethyl-hexanol compound is much needed in the plasticizer
industry as a precursor for the synthesis of bus diesters (2-ethyl
hexyl) phthalate (DEHP). In addition, 2-ethyl-hexanol is commonly
used as solvents, lubricants and lubricant additives, paint and coating additives, fuel and fuel additives, agricultural chemicals (nonpesticides), and intermediates. Generally, 2-ethyl-hexanol is produced in the industry through oxo reactions (Agency, 2006; Both et
al., 2009 and 2013).
Indonesia also produces 2-ethyl-hexanol compounds through oxo
reaction. One of the steps in the oxo reaction is the 2-ethyl-2-hexenal hydrogenation reaction to 2-ethyl-hexanol. This reaction requires a nickel-based catalyst as the most effective step for obtaining a higher and purer 2-ethyl-hexanol recovery. In the absence of
a catalyst, the hydrogenation reaction proceeds very slowly and can
be accelerated by very high-temperature conditions. The need for
hydrogenation catalyst in Indonesia reaches 100 tons per two years.
The need for such catalysts is still met by means of imports, thus
causing dependence on foreign parties. Therefore, the Chemical Reaction and Catalysis Reaction Laboratory (CARE) Bandung Institute of Technology conducted a study on the synthesis of the nickelbased 2-ethyl-2-hexenal hydrogenation catalyst to prepare itself to
become an independent nation in meeting the needs of the catalyst.

2. Experimental
2.1. Materials
The hydrogenation catalyst comprises two components, Ni active
metal as the active phase (main component) and support (γ-alumina,
AlP2). As a source of Ni metal, nitrate salt solution of Ni (NO3)2
and a molybdenum salt of Na2MoO4.7H2O was obtained. The alumina phosphate support used is a modified alumina phosphate support 2% (AlP2) that has been available at Chemical Reaction Engineering Laboratory and Catalysis Institute of Technology Bandung.
The catalytic activity test of the hydrogenation process using a liquid feed in the form of a 2-ethyl-2-hexenal and 2-ethyl-hexanol
mixture. For gas chromatography analysis using hydrogen gas, helium, and nitrogen produced by IGI / BOC, Jakarta.

3. Characterization
3.1. Fixed-bed reactor
Test of catalyst activity using fixed bed reactor. The catalyst used
for each activity test is 1 g of weight with feed flow rate of 1 ml/min
total. The feed consisted of a 2-ethyl-2-hexenal and 2-ethyl-hexanol
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mixture with a weight ratio of 1: 4. The image of the reactor circuit
is shown in Figure 1.

MFC
301

R-301
T-301
S-301
P-301
E-301
M-301
H-301
MFC-301
MFC-302
MFC-303
BPR-301

PC
999
1/8"

PC
999

PH-301

N2 gas

Keterangan alat
Reaktor unggun tetap
Tanki umpan
Separator
Pompa umpan
Kondenser
Mikser
Pemanas
MFC

Regulator Tekanan Balik

1/8"
MFC
V-14
302

PC
999

T-301
1/8"

H2 gas
MFC
V-13
303

PSV
301

M-301

PC
999

P-301

1/8"

PG
301

1/8"

O2 gas

PT
301
PC
999

TIC
301

¼

PC
999

TE
301

TE
303

BPR
301

PC
999

Vent/Analiser Gas
OSBL

TI
301

¼

H-301

R-301

Vent

1/8"

Inline Filter

OSBL
ISBL

TIC
302

TE
302

S-301
OVEN
insulasi

PC
999

Aliran balik air dingin
Aliran masuk air dingin

E-301

Bu an g
OSBL

insulasi

Fig. 1: Fixed-Bed Reactor Scheme.

3.2. Gas chromatography
The analysis of the composition of the reaction mixture was generated using a set of Shimadzu 2010 type GC (gas chromatography)
equipment plus RTX-5 column type, FID detector, and helium and
hydrogen carrier gas.
Xeni (%) =

Cen0 −Ceni

Soni (%) =

Coni −Con0

Cen0

Cen0 −Ceni

4. Results and discussion

x 100%

4.1. Activity test catalyst
x 100%
Activity test conducted for 6 hours. the conversion and selectivity
of the catalysts are calculated when the condition reaches steady
state.

Sani (%) = Soni (%) x Xeni (%)

No
1
2
3
4
5
6
7
8

Support

AlP2

γ-alumina

were Xen being percentage of conversion of 2-etyhl-2-hexenal, Son
being percentage of selectivity of 2-ethyl-hexenol, and San being
percentage of selectivity of 2-ethyl-hexanal. C is the concentration
for 2-etyhl-2-hexenal (Cen), 2-ethyl-hexenal (Can), and 2-ethyl-hexanol (Con). C0 for initial concentration and Ci for hourly concentration.

Name of Catalyst
Ni20-AlP2-SK
Ni20-AlP2-K
Ni20-AlP2-TK
Ni15Mo3-AlP2-K
Ni20Mo5-AlP2-K
Ni20-Gama-K
Ni5Mo20-Gama-K
Ni3Mo15-Gama-K

Table 1: Summary Test Results of Catalyst Activity
Composition
Temperature
Ni (%-b)
Mo (%-b)
20
Tcal=550°C, Tred=400°C
20
Tcal=400°C, Tred=600°C
20
without calcination, Tred=600°C
15
3
Tcal=400°C, Tred=500°C
20
5
Tcal=400°C, Tred=500°C
20
Tcal=400°C, Tred=600°C
5
20
Tcal=400°C, Tred=600°C
3
15
Tcal=400°C, Tred=400°C

The results of the activity test on Ni20-AlP2-K catalyst (calcined)
compared with Ni20-AlP2-TK (without calcination), the result of
conversion and selectivity are not much different. This shows that
the calcination process does not significantly affect the nickel impregnation catalyst in the AlP2 support. A high reduction temperature (600°C) can reduce the NiAl2O4 species to a nickel metal form
formed from the calcination process (Yang et al., 2009). However,
in subsequent experiments, the calcination process was carried out,
since without the calcination process (after drying, the catalyst was
immediately reduced) the reaction proceeded as follows:
Ni (NO3)2 + H2 → Ni + 2 HNO3

Xen (%)

Son (%)

35,09
75,15
82,95
77,47
77,71
13,82
11,69
19.32

86,44
36,74
23,34
48,67
47,88
5,05
14,12
-76,27

The resulting nitric acid feared could damage the reactor because of
its acidic nature, so calcination is still needed.
The excessively high calcination temperature at the time of catalyst
synthesis can decrease the catalyst activity. This may be due to;
high calcination temperatures result in the formation of the difficulty-reducible NiAl2O4 species and the inactive 2-ethyl-2-hexenal
hydrogenation.
On a larger nickel composition than the molybdenum composition
with an AlP2 catalyst support, the conversion and selectivity are not
significantly different. While, for all catalyst variations using γ-alumina, the resulting conversion and selectivity are low. In addition,
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the greater molybdenum content of the nickel content in the catalyst
will direct the catalyst to form an intermediate (2-ethyl-hexanal)
product and this is undesirable. These areas need improvement in
both selectivity and activity; the selection of the co-catalyst, the
modification of the ligands, and the reaction conditions are all controllable and essential features of such systems.

5. Conclusion
The addition of molybdenum improves selectivity but decreases the
activity of the catalyst. The performance of the catalyst is greatly
determined by the calcination and reduction temperature used during catalyst synthesis. In addition, different support types also show
differences in conversion value and catalyst selectivity.

6. Acknowledgement
The authors would like to thank the Ministry of Finance of the Republic of Indonesia for the LPDP Scholarship and funding the development of nickel catalysts.

References
[1] Aditya, R. (2018): Hidrogenasi 2-Etil Heksenal berkatalis Nikel:
Pengaruh penambahan logam Cu and K terhadap aktivitas katalis
dengan studi statistik, Tesis Program Magister, Institut Teknologi
Bandung, 37-58.
[2] Bartholomew, C. H. and Farrauto, R. J. (1976). Chemistry of nickelalumina catalysts, Journal of Catalysis, 45, 41–53.
https://doi.org/10.1016/0021-9517(76)90054-3.
[3] Basale, R. M. B. (2013): Selective catalytic hydrogenation of α , β unsaturated aldehyde to unsaturated alcohol : investigation of the
role of the promoter, Disertasi Program Doktor, India: Universiteit
Eindhoven TU/e, 12-18.
[4] Both, R., Cormos, A. M., Agachi, P. S., and Festila, C. (2013):
Dynamic modeling and validation of 2-ethyl-hexenal hydrogenation
process, Journal of Computers and Chemical Engineering, 52, 100–
111. https://doi.org/10.1016/j.compchemeng.2012.11.012.
[5] Both, R., Neaga, A. O., Festila, C., and Dulf, E.-H. (2009): Modeling
and simulation of the liquid phase 2-ethyl-hexenal hydrogenation,
Journal of Chemical Engineering, 15, 1–6.
[6] Canada, E., Pollutant, N., Inventory, R., and Epa, U. S. (2005):
Alberta ambient air quality objectives, 2-ethylhexanol (No. 1), 4 hal.,
Alberta Environment, Ontario-Kanada.
[7] Fogler, H. S. (2006): Elements of chemical reaction engineering
fourth edition (Fourth Edi). Ann Arbor: Pearson Education, Inc, 656668.
[8] Gallezot, P. and Richard, D. (1998): Selective hydrogenation of
alpha, beta-unsaturated aldehydes, Catalysis Reviews: Science and
Engineering,
40(1–2),
81–126.
https://doi.org/10.1080/01614949808007106.
[9] Gobara, H. M. and Hassan, S. A. (2009): A comparative study of
surface characteristics of nickel supported on silica gel, γ-alumina,
aluminosilicate, Petroleum Science and Technology, 27, 1555–1571.
https://doi.org/10.1080/10916460802608677.
[10] Gunther Kessen, O., Boy Cornils, H., Wilhelm Gick, Duisburg; Ernst
Wiebus, O., Joseph Hibbel, O., Hanswilhelm Bach, D., and
Wolfgang Zgorzelski, O.-B. (1987): Process for the production of 2ethyl-hexanol, United States Patent 4.684.750, 1-4.
[11] Japranata, H. H. and Kurniawan, I. W. (2018): Pengembangan
katalis hidrogenasi 2-etil-2-heksenal berbasis nikel/alumina untuk
produksi 2-etil-heksanol, Skripsi Program Sarjana, Institut
Teknologi Bandung, 29-36.
[12] Khairat, M. (2016): Hidrogenasi 2-Etilheksenal Berkatalis Nikel:
Pemilihan Promotor And Studi Kinetika Reaksi, Tesis Program
Magister, Institut Teknologi Bandung, 31-43.
[13] Marcelin, G., Vogel, R. F., and Swift, H. E. (1983): Aluminaaluminum phosphate as a large-pore support and its application to
liquid phase hydrogenation, Journal of Catalysis, 83(1), 42–49.
https://doi.org/10.1016/0021-9517(83)90028-3.
[14] Mattos, A. R. J. M., Probst, S. H., Afonso, J. C., and Schmal, M.
(2004): Hydrogenation of 2-ethyl-hexen-2-al on Ni/Al2O3 catalysts,
Journal of the Brazilian Chemical Society, 15(5), 760–766.
https://doi.org/10.1590/S0103-50532004000500024.

International Journal of Engineering & Technology
[15] Perego, C., and Villa, P. (1997): Catalyst preparation methods,
Journal
of
Catalysis
Today,
34,
281–305.
https://doi.org/10.1016/S0920-5861(96)00055-7.
[16] Richardson, J. T. and Dubus, R. J. (1978): Preparation variables in
nickel catalysts, Journal of Catalysis, 54, 207-218.
https://doi.org/10.1016/0021-9517(78)90043-X.
[17] Rylander, P. N. (1985): Hydrogenation methods, Academic Press Inc
(London) (Vol. 301), 66-75.
[18] Sun, W. H., Katla, V., Du, S., Redshaw, C. (2014): Chromium
complex pre-catalysts in ethylene oligomerization/polymerization,
Review
of
Catalysts,
1(1),
1–14.
https://doi.org/10.18488/journal.96.2014.11.1.14
[19] Tudor, B. R., and Ashley, M. (2007): Enhancement of industrial
hydroformylation processes by the adoption of rhodium-based
catalyst : Part I, Platinum Metal Rev., 51(3), 116–126.
https://doi.org/10.1595/147106707X216855.
[20] Tuta, E., and Bozga, G. (2014): A kinetic study of the liquid phase
2-ethyl-2-hexenal hydrogenation over Ni-Cu / silica catalyst, Journal
of Bucharest: Rev. Chim., 65(5), 603–607.
[21] Yang, R., Li, X., Wu, J., Zhang, X., Zhang, Z., Cheng, Y., and Guo,
J. (2009): Hydrotreating of crude 2-ethylhexanol over Ni/Al2O3
catalysts: Surface Ni species-catalytic activity correlation, Applied
Catalysis
A:
General,
368(1–2),
105–112.
https://doi.org/10.1016/j.apcata.2009.08.021.
[22] Yaws, C. L. (1997): Handbook of chemical compound data for
process safety, Gulf Publishing Company Houston, Texas, 1-174.
[23] Zeng, Y., Ma, H., Zhang, H., Ying, W., and Fang, D. (2014): Impact
of heating rate and solvent on Ni-based catalysts prepared by solution
combustion method for syngas methanation, Polish Journal of
Chemical Technology, 16(4), 95–100. https://doi.org/10.2478/pjct2014-0076.

