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A new direct production process was developed for making high quality diesel fuel from oils and fats. In
this process, which was operated under atmospheric pressure by using neither methanol nor hydrogen, no
glycerin was produced. The product of the present process was composed of small amount gas (CO2, light
hydrocarbons and minor amount of CO) and liquid hydrocarbons (C10-C20). The liquid product was composed
of olefins and paraffins with straight and branched chain structure.
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1. Introduction

ture as 673-773 K. The non catalytic reaction of triglycer-

Conversion of vegetable oil or animal fat to diesel fuel

ide proceeds via the free radical mechanism and gives liq-

is one of the promising technologies to make renewable

uid product which is rich in naphtha and carbon oxides 3).

fuels, especially the petroleum alternatives for transporta-

Liquid product contains hydrocarbons and oxygen-contain-

tion fuel. The most popular technology for this purpose is

ing compounds and tarry matter. The reactions involved

the transesterification of triglycerides by methanol to me-

are assumed to be quite complicated. The catalytic crack-

thyl esters of fatty acids and glycerine 1). It has been largely

ing are conducted at around 723 K over solid acid catalyst

industrialized to make biodiesel. Other processes are cata-

such as USY, REY, HZSM-5, MCM-41 and SBA-5 6)〜11). Main

lytic, non-catalytic cracking or hydrocracking to hydrocar-

products are the gasoline-range hydrocarbons which con-

bons and water

2)3)

.

tain paraffins (mainly branched), olefins and aromatic hy-

The former one is operated at 310-360 K with excess

drocarbons. Other byproducts are water and CO2. These

methanol and alkali compounds such as NaOH, KOH,

reactions are not suitable for making middle distillate hy-

NaOCH3, or alkaline earth oxide. This process is operated

drocarbon.

under atmospheric pressure and the reaction proceeds al-

The present study is concerned with a new catalytic

most quantitatively. The product is separated into two

cracking of a variety of triglyceride, which aims at the se-

phases. One is methyl ester (target product) and the other

lective production of diesel fuel composed of hydrocarbon,

is the glycerin which contains spent catalyst, free acid and

with the by-production of CO2. The diesel fuel has been

water. The crude methyl ester must be purified with sev-

predicted to increase in their consumption as the transpor-

eral steps to clear the commercial fuel standard.

tation fuel and has been produced from petroleum. The

Another one is the hydrocracking of triglyceride with
transition metal catalyst under high hydrogen pressure 2)4)5).
This process is operated in the hydrocarbon solvent and

target reaction is expected as in Fig. 1. Where, it requires
solid catalysts, but no additional feed.
When the products are ideally produced from the equa-

gives straight chain paraffins composed of the same chemical structure to that of the triglyceride. The product shows
high cetane number (40-50). It consumes hydrogen and
makes water as by-product.
The last one is the cracking reaction at high temperaFaculty of Environmental Engineering,
The University of Kitakyushu
1-1, Hibikino, Wakamatsu-ku, Kitakyushu, Fukuoka 808-0135,
Japan

Fig. 1

The target reaction scheme
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tions, the yields of liquid hydrocarbons, CO2 and dry hy-

3. Results and discussion

drocarbon gas are 79 wt%, 16 wt% and 5 wt%, respectively.

3.1 Reaction of a variety of vegetable oils
3.1.1 Products

2. Experimental

In the present system triglyceride didn t come out of
the reactor because the boiling point of the feed is higher

2.1 Reaction apparatus and procedure

Catalysts were prepared by impregnating a commer2

than 703 K. Fig. 3 shows the reaction results of a variety

cially available silica gel (Fujisilicia, Q-10, 313 m /g) and

of vegetable oil over MgO-SiO2 catalyst and MgO-carbon

active carbon (wood made 1,100 m2/g) with magnesium

catalyst. Raw product was slightly colored oil, whose main

oxide from aqueous solution of magnesium nitrate, drying

component was hydrocarbons (>99 wt%), gaseous product

at 393 K and calcining under N2 atmosphere at 823 K. MgO

which contain C1-C4 hydrocarbon and carbon oxides. More

loading was 10 % by weight.

than 90 % of carbon oxides were CO2. Residue was higher

Catalytic reactions were conducted in flow reaction

boiling products or coke which didn t come out of the re-

systems, at around 703 K under atmospheric pressure, by

action vessel (about 10 wt%). As shown in Fig. 3 each raw

using an agitated reactor as shown in Fig. 2. The used cata-

material gave similar hydrocarbon yield (70-75 wt%) . An-

lyst was granule with the average diameter of 1.2 mm. The

other characteristic feature of the product was that the

reactor used was an autoclave type one (φ38 mm × 180

carbon number of the hydrocarbons distributed widely C5-

mmL) which was heated electrically from outside. Into the

C25 even though the carbon number of acidic group of the

agitated catalyst bed (50 ml, about 25 g) feed oil was intro-

triglyceride was limited to C12-C18 12)13). This phenomenon

duced continuously (15 mL/h) for 5 h with carrier gas (He:

will be discussed later. Table 1 shows the distribution of

50 mL/min). The apparent LHSV was 0.3 h-1.

gaseous hydrocarbons produced by the catalytic cracking
of palm oil. It is clear from the data that the main gaseous

2.2 Product analysis

product was C3H8 and C3H6. It is suggested that the C3 hy-

The product which came out of the reactor was cooled

drocarbon comes from glycerin group of the feed. Fig. 4

with 2-stage condenser which was kept at 273 K and 193

shows the carbon oxides yield and acid value. It shows that

K, respectively. The uncondensed gaseous products were

supported MgO promotes the formation of CO2 and reduce

exhausted after being analyzed with on-line GC (TCD and

the acid value, suggesting the promotion of decarboxy re-

FID). Total acid value and iodine value of the cracked oil

action by MgO.

were measured by potentiometric titration (ASTM D664 and
ASTM D1959). Carbon number distribution of the product
was determined with a capillary GC (column: CBP1). The
chemical structure of the product (straight- and branchedstructure) was determined by the capillary GC after it was
hydrogenated under pressured hydrogen in the presence
of Pd/Carbon catalyst.

(a)

Fig. 3

(b)

Material balance of various vegetable oils
(a)MgO-SiO2, (b)MgO-Carbon

Table 1

Distribution of gaseous hydrocarbon

Products [wt%]

Fig. 2

Reaction apparatus for cracking oils

CH4
C2H6
C2H4
C3H8
C3H6
n-C4H10
i-C4H10
C4H8

Palm oil
SiO2
MgO-SiO2
7.7
12.0
21.1
25.4
8.0
9.1
25.3
27.0
30.2
26.4
1.0
0.2
0.0
0.0
6.7
0.0
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C15 and C17 hydrocarbons, which was dependent on fatty
acid group of raw materials. Carbon number distribution
didn t show large difference between MgO-SiO2 and MgOcarbon. It means that this reaction is scarcely affected for
the distribution by carrier material of the catalyst.
Fig. 7 shows acid value of cracked oil and the yield of
CO, CO2. Products on the MgO-carbon exhibited lower acid
value than that on the MgO-SiO2. Especially, the acid value
of palm oil product, about 0.1 mg-KOH/g, which is much
lower than the critical value for B-5 (5 vol% FAME in gas
Fig. 4

Acid value and carbon oxide yield of palm oil cracking

oil) and neat standard (Japanese standard; 0.5).
This catalytic cracking system gave similar acid val-

The carbon number distribution of the product oil

ues of product for vegetable oil and dark oil (mostly com-

shown in Fig. 5 and Fig. 6, which was similar for each

posed of free fatty acid). This result suggests that hydro-

samples such as waste edible oil (origin of fresh cooking

carbons are produced via the decarboxylation reaction of

oil was the mixture of canola oil, soy bean oil and palm oil)

free fatty acid. Fig. 8 shows the carbon number distribu-

or even the dark oil whose main component was free

tion of cracked palm oil. It is clear that the supported MgO

fatty acid gave the similar results. Product hydrocarbon was

has little effect on the molecular weight of the product.

rather similar to each other and the main component was

Table 2 shows the pour point of raw material and the
cracked products. Catalytic cracking system gave the prod-

Fig. 5 Carbon number distribution of cracked oil using MgO-SiO2
catalyst

Fig. 6 Carbon number distribution of cracked oil using MgOCarbon catalyst
Table 2

Raw
material
Pour point
[K]

298

Acid value of cracked oil

Fig. 8 Carbon number distribution of the production hydrocarbon from palm oil cracking

Pour point of various fuel

Palm oil
FAME
BHD

293

Fig. 7

293

Catalytic
cracking
260

Waste edible oil
Raw
Catalytic
material cracking
265

258

Gas oil
(Petroleum)
268
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uct with low pour point products. Especially, the pour point

ficult to apply FAME method, because it produces high pour

of the cracked oil of waste edible oil was about 258 K, which

point product.

is lower than Japanese standard of petroleum gas oil (268

Animal fats (lard and beef tallow) gave high oil yield

K). It suggests that the products of this system contain

about 70 wt%, which was same level to vegetable oils. Also,

branched hydrocarbons.

rice bran gave hydrocarbons, directly. Hydrocarbon products, which are shown in Fig.10, distributed from C6-C20,
and its peak point was C17 hydrocarbon, probably derived

3.1.2 Chemical structure of Product hydrocarbons from palm

from C18 fatty acid, included in raw materials.
As a result, it can be said that this catalytic cracking

oil

Chromatograph of capillary GC shows quite complicated one and shows mixture of olefins and paraffins. Ole-

system can be applied for various oils, fats and even oil
containing materials.

fin content was about 30 mol% with little aromatics. Fig. 9
shows the ratio of straight chain paraffins and branched
chain paraffins in C6-C18 products, which was determined

3.3 Discussion on the catalysis of MgO-supported catalyst
and reaction path way

by the GC analysis of the hydrogenated product, telling that

As mentioned in the experimental section, only MgO

the product hydrocarbons are the mixture of straight chain

peak was detected in the catalyst before and after the re-

and branched chain hydrocarbons. The reason of the gen-

action. Also, products on the MgO-SiO2 showed low acid

eration of branched hydrocarbons may come from the sec-

value and fairly rich in branched hydrocarbons. These phe-

ondary skeletal isomerization of olefins. The isomerization

nomena suggest that the MgO-SiO2 catalyst has both acid

reaction can be attributed to the acidic character of the SiO2-

site (SiO2-MgO surface mixed oxide) and bulk MgO. SiO2-

MgO surface complex, which should be formed by the re-

MgO mixed oxide has been known to show weak acidity

action of SiO2 and MgO at high temperature 14). This struc-

which catalyzes the structural isomerization of olefins. MgO

ture should be the reason of the low pour point of the prod-

has been known to react with carboxylic acid to make Mg

uct as low as 258 K.

salt of acids (at low temperature and carbonate at higher

Product hydrocarbons are the mixture of paraffin and

than 473 K). MgCO3 is converted to MgO and CO2 at higher

olefin as described in 3.1.1 and Table 1. Although the sto-

temperature than 673 K. Therefore, the decarboxylation on

ichiometry of reaction in Fig. 1 indicates that glycerin is

MgO-SiO2 catalyst can be shown as follows:

converted to C3Hn, the products are the mixture olefins or

2RCOOH ＋ MgO

(Mg(RCOO)2 (＋ H2O)

paraffins. This phenomenon should be attributed to the

→ MgCO3 (＋ 2R ) → MgO + CO2

transfer hydrogenation by hydrogen atoms generated dur-

The wide distribution of carbon number of the prod-

ing coke (residue) formation which is the popular phenom-

uct hydrocarbon is hard to be attributed to the simple sec-

enon observed in the cracking reactions at high tempera-

ondary reactions of olefins, since this catalyst is not active

15)

(1)

to crack olefins. One possibility is as follows : Two carboxy-

ture .

lic acid molecules are dehydro-condensed to make higher
3.2 Applicability of the process to a variety resource

Other than vegetable oils, lard, beef tallow, rice bran

ketones 16). Then the ketone is decomposed to smaller ketone and hydrocarbon.

could be successfully applied for producing hydrocarbon

2CnH2n+1COOH

oil with this process. Animal fat has been known to be dif-

→ CnH2n+1COCnH2n+1 ＋ H2O ＋ CO2

Fig. 9

Chemical structure of palm oil product

Fig. 10

Carbon number distribution of various materials

(2)
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of the commercial gas oil. Also, net thermal efficiency was

CnH2n+1COCnH2n+1
→ CnH2n+1COCH3 ＋ Cn-1H2n-1

(3)

even better than it.

Really, small amount ketones with high carbon num-

4. Conclusion

ber (CnH2+1COCnH2n+1) and other ketone were detected in
the product.

Catalytic cracking of vegetable oil or animal fat over

It should be noted that the product contained water.

SiO2- or carbon- supported MgO gave CO2 and liquid hy-

Since the feed material contained little moisture, the water

drocarbons with high yield. Liquid hydrocarbons were the

in the product should be attributed to the dehydration of

mixture of paraffins and oleffins which distributed mainly

reactant. Also, the fact that free fatty acid (dark oil) gave

from C10-C20. Acid value of the product was lower than that

the similar product pattern suggests that one of the main

of Japanese standard for bio-diesel fuel. The product was

unit reaction involved is the decarbonylation of free acid

proved to be an excellent diesel fuel by the engine test.

to CO and water. Also, the dehydration of glycerin, which
is formed by the hydrolysis of tri-glyceride, is the source
of water.

Acknowledment

This work was supported partly by The JST (Japan

CnH2n+1COOH → CnH2n ＋ CO ＋ H2O

(4)

Science and Technology Agency) fund.
The authors appreciate technical support and impor-

CH2(OH)CH(OH)CH2OH → C3Hn ＋ 3H2O
(n ＝ 2˜8) (5)

tant suggestion from Professor Sadami Yoshiyama and

Based on these concepts, the most plausible reaction

Kenji Asami(The University of Kitakyushu). Prof.

pathway of the hydrocarbon productions can be summa-

Yoshiyama supported diesel engine test of the product, and

rized as in Fig. 11. The major route of the cracking reac-

Prof. Asami gave us insightful comments and suggestions.

tion are thought to be (1) the hydrolysis of triglyceride
(catalytic or non-catalytic) to glycerin and free acid, (2) the

References

dehydration of glycerine to gaseous hydrocarbons and

1）Luque, R, Herrero-Davila, L., Campelo, J. M., Clark, J. H.,

water, (3) the decarboxylation of free acid to hydrocarbons,

Hidalgo, J. M., Luna, D., Marinas, J. M., Romero, A. A.,

CO2 and H2O and (4) the secondly reactions of hydrocarbons. In the decarboxylation step, MgO is thought to catalyze the decarboxylation to make CO2 and hydrocarbons.

Energy Environ. Sci., 1, 542（2008）
2）Marher, K. D. Bressler, D. C., Bioresour. Technol., 98, 2351
（2007）

Another main reaction may be the (5) dehydro, decarboxy

3）Lima, D. G., Soares, V. C. D., Ribeiro, E. B., Carvalho, D.

condensation of carboxylic acid to higher ketone and its

A., Cardoso, E. C. V., Racci, F. C., Mundim, K. C., Rubim,

cracking to lower hydrocarbons.

J. C., Suarez, P. A. Z., J. Anal. Appl. Pyrolysis., 71, 987（2004）
4）Zhang, S. P., Yan, Y. J., Li T. C., Ren, Z. W., Bioresour. Technol.,

3.4

Diesel engine test of cracked oil of waste edible oil

The product was directly used for the operation of a

96, 545（2005）
5）Bridgwater, A. V., Appl. Catal. A, 116, 5-47（1994）

conventional test diesel engine. The results showed that

6）Crew T. L., Bhatia, S., Bioresour. Technol., 99, 7911（2008）

the performance was comparable in term of calorific value

7）Yaman, S., Energy Convers. Manage., 45, 651-671（2004）

and concentration of exhaust gas (NOX and CO) with that

8）Adam, G- J., Antonakou, E., Lappas, A., Stocker, M., Nilsen,
M. H., Bouzga, A., Hustad J. E., Oye, G., Micropor. Mesopor.
Mter., 96, 93（2006）
9）Horne, P. A., Williams, P. T., Fuel, 75, 1051（1996）
10）Horne, P. A., Williams, P. T., Fuel, 75, 1043（1996）
11）Twiaq, F. A., Zabidi, N. A. M., Mohamed, A. R., Bhatia, S.,
Fuel Process. Technol., 84, 105（2003）
12）Berchmans, H. J., Hirata, S., Bioresour. Thecnol., 99, 1716
（2008）
13）Imahara, H., Minami, E., Saka, S., Fuel, 85, 1666（2006）
14）Yamamoto, K., Appl. Catal. A, 368, 65（2009）
15）Fujimoto, K., Kunugi, T., J. Jpn. Pet. Inst., 12, 367（1969）

Fig. 11

Reaction mechanisms of catalytic cracking using MgO
supported catalyst

16）Watanabe, M., Inomata, H., Smith Jr., R, L. Arai, K., Appl.
Catal. A, 219, 149（2001）

