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A METHOD FOR PREPARING FUEL BY USING BIOLOGICAL OILS AND 
FATS 

Technical Field 

[0001] The present invention relates to the field of energy technology, and especially 
to a method for preparing fuel by using biological oils and fats.  

Background Arts 

[0002] People are compelled to search for renewable clean fuel as petrochemical fuel 

is in shortage more than ever and pollutes the environment upon combustion. In a 
substitutive solution for petrochemical fuel, producing clean fuel from renewable 
biological oils and fats (such as soybean oil, Jatropha oil, lard, food waste oil) is 

considered as a green, renewable, carbon-neutral technical route.  

[0003] Biological oils and fats, such as vegetable oils and fats, which are fats obtained 

by extracting seeds, the flesh of fruit, and other parts of plants, contain a lot of 

triglycerides with long-chain carbons and free fatty acids. According to their usage, 
biological oils and fats can be divided into two categories - to be used for food and to 
be used in industry. Those in liquid at room temperature are called oils, while those in 
solid and semi-solid at room temperature are called fats. The components of 

biological oils and fats are quite different from those of crude oil (including waste 

lubricating oil) mainly in that, for biological oils and fats, the content of oxygen is 
high and the contents of sulfur, nitrogen and aromatic hydrocarbons are low; while for 

crude oil, contents of sulfur, nitrogen and aromatic hydrocarbons are high and content 

of oxygen is low. Therefore, due to the differences of their components, methods for 

producing fuel from crude oil as raw material are not applicable to the processing of 

biological oils and fats as raw materials.  

[0004] Currently, there are some technical solutions, which are used or will be used in 
industry, for preparing biomass fuel (such as biodiesel) from biological oils and fats.  

Generally, such technical solutions are classified into two categories: process of 
transesterification and process of direct hydrogenation. Many research results and 
technical reports involve in the discussion on the foregoing techniques.  

[0005} Chinese Patent Application Publication No. CN 101328418A teaches a 
method for manufacturing biodiesel by using vegetable oils. However, a great amount 

of ethanol is consumed firstly to form fatty acid ester through reacting with the 
vegetable oil. Chinese Patent Application Publication No. CN1858161A teaches a 
method for preparing biodiesel from palm oil, in which, it is required that the raw 
material of palm oil proceed with the procedures, such as degumming, deacidifying 
and dehydrating, etc. before the step of esterifying with low-carbon alcohols. Chinese



Patent Application Publication No. CN101230309A teaches a method for preparing 

biodiesel through reducing the high acid value of palm oil, in which, two 

esterification procedures are required. Moreover, methanol required in the method is 
in an amount 6-9 times (molar ratio) of that of the oil in the transesterification 
reaction. Furthermore, methanol does not recycle in the process, which leads to the 

method not environmentally, friendly, and economically.  

[0006] The aforementioned processes in the prior art are complicated in regard to the 
procedures, difficult to operate and require high energy consumption. Moreover, a 

high amount of alcohols, such as methanol or ethanol etc., is involved in the process 

of transesterification, which results in the production cost increasing greatly.  

[0007] Besides, Chinese Patent Application Publication No. CN101070483A teaches 

a method for producing biodiesel with Saueda Salsa seed oil, in which a lot of water is 
required for washing the product after transesterification. Chinese Patent Application 
Publication No. CN1412278A teaches a method for preparing biodiesel by utilizing 
high acid oils and fats as well as palm oil together with a strong acid as catalyst.  

However, when the method proceeds, a lot of waste water would produce and the 

reactor would corrode badly. All aforementioned processes in the prior art produce a 
lot of waste water, which not only increase production costs, but also go against 
environmental protection and economic benefit.  

[0008] Regarding direct hydrogenating technique, W02009/039347 teaches a process 

for producing diesel fractions by treating biorenewable feedstock, in which a 

two-step-approach, i.e., hydrodeoxygenation and hydroisomerization, is employed.  

US2006/0207166 has a process, in which hydrodeoxygenation and 
hydroisomerization take place simultaneously. A common defect of these processes 

lay in the poor stability of the catalyst and the high consumption for hydrogen, which 
will be more serious for vegetable oils and animal fats with high oxygen contents.  

[0009] Particularly, the technique of direct hydrogenation is restricted by the contents 

of free fatty acids in raw materials. Up to now, only raw material containing up to 

15% of free fatty acids is disclosed in the prior art documents, which is used to 

produce hydrocarbon fuel through direct hydrogenation (Yanyong Liu et al., Chem.  

Lett. 2009, 38, 552).  

[0010] In general, in the processes currently used for preparing diesel fuel from 
biological oils and fats, transesterification is employed to produce biodiesel by means 
of transesterfication from biological oils and fats in which a lot of low-carbon alcohol 
is consumed and therefore, production cost is increased. In the transesterification 

process, a strong acid is employed as a catalyst which corrodes the production 
apparatuses badly, and at the same time, a follow-up separation procedure is required 
for handling a large amount of glycerol, which is a by-product generated in the 

2



process. After the transesterification process, a large volume of waste water will be 
resulted in. In some transesterification processes, multiple transesterification 
procedures are involved in, which result in the operations very cumbersome. On the 
other hand, direct hydrogenation produces diesel through hydrodeoxygenation for 
animal and vegetable oils and fats directly, which is not only of high hydrogen 
consumption, but also of fast catalyst inactivation. Since the oxygen content in raw 
material oils is 10%-15%, a large amount of reaction heat will be produced. It is a 
hard-resolved problem to control the reaction temperature so as to prevent catalyst 
from fast inactivation. Furthermore, a large amount of hydrogen gas for replenishing 
and for quenching is required to maintain the hydrogen partial pressure as the 
consumption of hydrogen gas for processing the raw material oils is relatively high.  

[0011] There are still some other processes in the art for preparing diesel fuel by using 
biological oils and fats. For example, US2006/0186020 discloses a process of 
coprocessing vegetable oils and crude oil, in which the content of vegetable oils is 
between 1-75% and vegetable oils are not used alone. Chinese Patent Application 
Publication No. CN10101314748A discloses a method for catalytically conversing 
animal and vegetable oils and fats to obtain a product with mainly C2-C4 alkenes as its 
ingredients and only 45% overall yield. Only a small amount of components for 
gasoline and diesel can be produced from the process. Furthermore, there is no 
hydrorefining procedure for gasoline and diesel involved in the process.  

[0012] Chinese Patent Publication No. CN101475870A teaches a process of catalytic 
cracking distillation for hydrocarbons of which waste lubricating oil sources mainly 
consist. In this process, the waste lubricating oil to be treated mainly consists of 
alkanes, and the catalytic cracking breaks down C-C bonds selectively. The main 
reaction is shown as follows: 

RgCH2"CH2R 2  1 RvCH3 + CH2=R 2 

No water (H20) is produced in this cracking reaction, thus the water-resistance of 
catalyst is not required to be taken into account. Waste lubricating oil mainly consists 
of alkanes, which form alkanes and alkenes directly after catalytic cracking. However, 
as above mentioned, the composition of biological oils and fats is quite different from 
that of crude oil (including waste lubricating oil), in which the main components of 
biological oils and fats have high oxygen content. If cracking carries out, factors, such 
as C-O bond cracked and water produced, should be taken into account, as there are 
great differences in catalytic mechanism and the hydrothermal stability of the catalyst.  
As a result, the process taught by Chinese Patent Application Publication No.  
CN1 01475870A is not applicable to biological oils and fats.  

[00131 In conclusion, as for the prior art, although there are many routes and research 
results disclosed for processing and manufacturing biodiesel by using biological oils 
and fats as raw materials, biodiesel prepared by these processes is not considered by 
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far an ideal diesel blending component as the obtained biodiesel has high density, low 

blending ratio with diesel components from petroleum, low heat value, and less 

economical as a fuel when it is blended with diesel components from petroleum.  

[0013A] Any discussion of documents, acts, materials, devices, articles or the like 

which has been included in the present specification is not to be taken as an admission 

that any or all of these matters form part of the prior art base or were common general 

knowledge in the field relevant to the present disclosure as it existed before the priority 

date of each claim of this application.  

[0013B] Throughout this specification the word "comprise", or variations such as 

"comprises" or "comprising", will be understood to imply the inclusion of a stated 

element, integer or step, or group of elements, integers or steps, but not the exclusion of 

any other element, integer or step, or group of elements, integers or steps.  

Contents of the Invention 

[0013C] In one aspect, provided herein is a method for preparing fuel using biological 
oils and fats, comprising: 

(a) guiding the biological oils and fats that have been heated into a catalytic 

distillation tower that is configured with a cracking-deoxygenation catalyst, 
and proceeding with a catalytic cracking-deoxygenation reaction for the 

biological oils and fats under heating in the presence of a 

cracking-deoxygenation catalyst in the catalytic distillation tower; 

(b) mixing the product of step (a) with hydrogen gas; and 

(c) proceeding with a catalytic hydrodeoxygenation reaction for the mixture 

from step (b) under heating in the presence of a hydrodeoxygenation 

catalyst.  

[0014] An aim of the present invention is the provision of a process for treating 
biological oils and fats. High quality biomass fuel that is very suitable to be used as a 

blending component of diesel is obtained.  
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[0015] Disclosed herein is a method for preparing biomass fuel, in which biological 

oils and fats are used as raw materials and the composition of the biomass fuel thus 

obtained is equivalent to that obtained from crude oil refining. The process comprises 

steps as follows: (a) proceeding with a catalytic cracking-deoxygenation reaction under 

heating in the presence of a cracking-deoxygenation catalyst for the biological oils and 

fats; (b) mixing the product of step (a) with hydrogen gas; and (c) proceeding with a 

catalytic hydrodeoxygenation reaction under heating in the presence of a 

hydrodeoxygenation catalyst for the mixture from step (b). According to actual 

demands, the product of step (c) may be further fractionated. Generally, it may be also 

considered to mix hydrogen gas with the product of catalytic cracking-deoxygenation 

reaction before the hydrogen gas being injected into the reaction reactor for the reaction 

of step (c), whereas the hydrogen gas may also be injected into the reaction reactor 

directly followed by being mixed with the product of catalytic cracking-deoxygenation 

reaction for the reaction of step (c).  

[0016] As for the process disclosed herein, it is characterized in that a 

double-deoxygenation-procedure, i.e., a catalytic cracking-deoxygenation procedure 

and a catalytic hydrodeoxygenation procedure, is employed, and therefore, the defects 

of large heat release and fast inactivation of the catalyst caused by the direct 

hydrogenation used in the prior art can be avoided, and the consumption of hydrogen 

gas can be reduced greatly at the same time. Moreover, each procedure in the process of 

the present application, e.g., the catalytic cracking-deoxygenation procedure and the 

catalytic hydrodeoxygenation procedure, can be combined flexibly, i.e., can operate 

either continuously or separately. Waste residue and waste gas produced from the 

process can be utilized comprehensively for heating, which makes the whole 

production process more energy saving and environmentally friendly.  

Description of Figures 

[0017] Figure 1 illustrates one example of the process according to the invention.  

Reference signs for main assemblies are as follows: 
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1 Distillation still 
2 Catalytic distillation tower 
3 Condenser 
4 Vapor-liquid separator 
5 Liquid feeding pump 
6 Heating furnace 
7 Hydrorefining reaction reactor 
8 Hydrogen gas positive booster 
9 Atmospheric distillation tower 

Mode of carrying out the invention 

[0018] The specific examples of the present invention will be further illustrated by 
referring to accompanying figures.  

[0019] Biological oils and fats indicated in the present invention are animal sources, 
plant sources, microorganism sources or mixtures thereof. Biological oils and fats 
either for foods or for industry can be used. In general, biological oils and fats are rich 
in triglycerides and free fatty acids, and the chain length of the fatty acids is normally 

C 12-C2 4 , and mostly C16 and C18 . The examples of biological oils and fats comprise, 
but do not limit to, rapeseed oil, soybean oil, palm oil, sunflower seed oil, 
cottonseed oil, Jatropha oil, olive oil, castor oil, micro algae oil, tallow, lard, butter, 
poultry fats, fish oil, food waste oil and the like. Vegetable oils and fats are a preferred 
raw material in an example.  

[0020] The fuel prepared by the present invention is usually called biomass fuel, 
which means a solid, a liquid or a gas, consisting of or being extracted from biomass.  
The so-called biomass herein is organic living organisms or metabolic products of 
organic living organisms. In a preferred embodiment, the composition of the produced 
biodiesel by this process is equivalent to that of the petroleum diesel obtained by 
refining petrochemical raw materials (such as crude oil), in which both of them are of 
high degree compatibility. The biodiesel and the petroleum diesel can be blended 
sufficiently with each other, and the diesel thus blended has properties and an 
application scope the same as those of petroleum diesel, 

[0021] The present invention employs a double-deoxygenation-procedure, i.e., a 
catalytic cracking-deoxygenation procedure and a catalytic hydrodeoxygenation 
procedure. Firstly, a procedure of combining catalytic cracking with distillation is 
employed to treat biological oils and fats, in which a part of oxygen in the raw 
material is removed. Then, the remained oxygen is removed through catalytic 
hydrogenation reaction. Since hydrogen gas is not required in the step of catalytic 
cracking-deoxygenation and most oxygen has been removed, the consumption of 
hydrogen gas can be lowered greatly in the following step of catalytic 
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hydrodeoxygenation.  

[0022] In the step of catalytic cracking-deoxygenation, oxygen in free fatty acids is 

removed partially by decarbonylation, or by decarboxylation with CO, H20 and 

alkenes generated , and at the same time, triglycerides decarbonylate through cracking.  
Long chain alkanes and alkenes, CO2 , CO, H20, as well as propylene or propane are 

generated accordingly by decarboxylation. The chemical reactions of which are as 

follows: 

R-CH2-COOH - R-CH3 + CO2 or R=CH2 + CO + H2O 

R-CH 2-COOCH 2 

R'-CH 2-COOCH 2  - * R-CH=CH 2 + R-H + CO + Co2 + C3H + CAHi + H20 

R"-CH2 COOCH 2 

[0023] In this step, some side reactions which are not relevant to 
cracking-deoxygenation, such as the reaction for breaking C-C bonds, also occur at 
the same time.  

[0024] Since water is generated in this step, the cracking-deoxygenation catalyst 
should be of strong water-resistance. Moreover, in the catalytic cracking reaction for 

biological oils and fats, usually not only C-C broken but also C-0 breaking occurs.  
For this reason, the catalyst may be modified for breaking bonds selectively, i.e. only 
C-0 is broken while C-C breaking does not occur. As element oxygen usually still 
exists in the fraction after the selective C-0 breaking, a further step of deoxygenation 

proceeds.  

[0025] Under the condition for catalytic hydrodeoxygenation, n-paraffin is generated 
by the reactions of hydrosaturation, hydrodecarboxylation, hydrodecarbonylation and 

hydrodeoxygenation for triglycerides. The chemical reactions occurred are as follows: 

R-CH=CH 2 + H2  b R-CH2-CH3 

R-COOH + H2  o R-CH 3 + H20 or R-H + CO 2 

R-CH 2-COOCH 2 

R'-CH 2-COOCH 2 + H2  i R-CH 2CH3 + CO 2 + C3H8 + H2O 

R"-CH2-COOCH 2 
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{0026] In all of the above chemical formulas, R is an alkyl of CIO-C22. Some side 

reactions, which are mainly hydrogenolysis for C-C bonds to generate smaller 

hydrocarbon molecules, occur at the same time.  

[0027] The oxygen-containing fractions remained after the catalytic 
cracking-deoxygenation are further removed through the above-mentioned 

hydrodeoxygenation, while the alkenes produced in the catalytic cracking are 

saturated, and thus a product with high stability is obtained.  

[0028] The advantages of the present invention lie in that the fraction obtained by the 

catalytic cracking-deoxygenation is further subjected to a hydrodeoxygenation. The 

conditions for these reactions are moderate with low hydrogen partial pressure and 

low reaction temperature. The catalyst used in the process is of acceptable stability.  

The consumption of hydrogen is low. Existing equipments in an oil refinery can be 

utilized to the greatest extent.  

[0029] The biomass fuel produced according to the present invention can be used as a 

fuel directly, such as gasoline, diesel, aviation kerosene and the like, or can be used as 

a blending component. The biomass fuel comprises mainly the components with 

carbon chains of Cs-C2 4 with a cetane number being higher than that of the traditional 

petroleum diesel, and a lower density. The biomass fuel contains almost no sulfur, 

nitrogen and aromatic hydrocarbons. Based on the above characteristic properties, the 

clean fuel prepared according to the present invention is an ideal and high quality 

diesel blending component, which can be blended with a low value oil (with a lower 

cetane number) produced by hydrogenating light catalytic cycle oil, so as to produce 

ultra low sulfur diesel which meets the requirements of the relevant standards.  

[0030] The present invention is mainly on the basis of the two-step-deoxygenation, 
i.e., catalytic cracking-deoxygenation and catalytic hydrodeoxygenation. These two 

steps can be combined very flexibly, which can be operated either continuously or 

separately. Specifically, a first reaction sector for catalytic cracking-deoxygenation 

and a second reaction sector for catalytic hydrodeoxygenation can be operated 

continuously or in batch according to the actual operation conditions for the 

application.  

[00311 With respect to the industrial application, it is preferred that the step of 

hydrodeoxygenation operates continuously, in which advantages of stable reaction 

conditions and stable products are obtained; while it is preferred that the step of 

catalytic cracking-deoxygenation in the first reaction sector operates in batch.  

However, if a requirement for a continuous operation for hydrodeoxygenation is met, 
the step of catalytic cracking-deoxygenation may employ a circulating operation with 
multiple distillation stills or may employ continuous catalytic distillation operation.  
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[0032] The cracking-deoxygenation catalyst used in the first reaction sector is, such as, 
but not limited to, molecular sieve catalyst. Other suitable cracking-deoxygenation 

catalysts can refer to "Industrial Catalysts Handbook" (HUANG Zhongtao, Chemical 

Industry Press, 2004; which is incorporated into the Description of the present 

Application as reference herein). In one embodiment, a mixture of aluminum oxide 

and molecular sieve is used as a cracking catalyst. Molecular sieve may be selected 
from HY, Hp, SAPO-3 1, HZSM-5, HZSM-22 or mixtures of the random 
combinations of any above ingredients. The content of molecular sieve may be about 

5-70 wt%. After aluminum oxide being mixed with molecular sieve, a binder (such as 

Sesbania powder) is added for extrusion molding. The size of the molded 

cracking-deoxygenation catalyst depends on the actual conditions of the first reaction 

sector, such as the diameter of the catalytic distillation tower. In one embodiment, a 

ratio of the equivalent diameter of the molded cracking-deoxygenation catalyst to the 

diameter of the catalytic distillation tower should be less than 0.1.  

[0033] The ratio of cracking-deoxygenation catalyst to the raw material that are fed 

into the first reaction sector is not required to be limited specifically but is determined 

according to the actual conditions of the application. In one embodiment, the mass 

ratio of cracking-deoxygenation catalyst to biological oils and fats can be about 1:5 to 
1:50 according to the process load of the reaction, i.e., it can be 1:5, 1:10, 1:15, 1:20, 

1:30, 1:40, 1:50 etc.. In one embodiment, the mass ratio of cracking-deoxygenation 

catalyst to biological oils and fats is preferably 1:20. In another embodiment, the mass 

ratio of cracking-deoxygenation catalyst to biological oils and fats is preferably 1:10.  

[0034] In some embodiments, the catalytic cracking-deoxygenation in the first 

reaction sector can proceed under heating at about 100-600*C, thereby to obtain 

products of cracking-deoxygenation, such as alkenes, alkanes, carbon monoxide, 

carbon dioxide, water, etc.. In one embodiment, the catalytic cracking-deoxygenation 

proceeds at 100"C, 200*C, 250'C, 300'C, 350*C, 4000C, 450*C, 500*C, 6000C or any 
temperature between any two of the above values. In this case, the composition of raw 

material oils may have influence on the temperature selection, The temperature of 

cracking-deoxygenation is generally determined by the distillation range of the raw 

material oils. In one embodiment, about 300-600 0C is preferred.  

[0036] The product from the first reaction sector is mixed with hydrogen gas 

sufficiently, and then, the mixture is guided into the second reaction sector containing 

hydrodeoxygenation catalyst to proceed with catalytic hydrodeoxygenation.  

[0037] The hydrodeoxygenation catalyst used in the second reaction sector is, such as, 
but not limited to, a supported metal catalyst. Other suitable hydrodeoxygenation 
catalysts can refer to "Industrial Catalysts Handbook" (HUANG Zhongtao, Chemical 

Industry Press, 2004) and "Hydrorefining" (FANG Xiangchen, China Petrochemical 

Press, 2008) (the contents of these two books are incorporated into the Description of 
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the present Application as reference herein). In one embodiment, the supported metal 
catalyst is composed of a support and a metal distributed on the support, while the 
metal may be a single metal, a mixture of metals or an alloy. The metal may be a 
transition metal in periodic table of elements, selected from a group consisting of 
metal elements of Group IIIB, Group IVB, Group VB, Group VIB, Group VIIB, and 
Group VIII. In one embodiment, Group VIII is preferred, and the metal may be 
selected from Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, etc.. In another embodiment, the 
metal may be selected from Ni, Co, Mo, W, Cu, Pd, Ru, Pt etc., The content of the 
metal is 0.1-30 wt%. The support may be selected from an oxide support with double 
mesoporous composite structure or carbon material. In one embodiment, the oxide 
support may be selected from SiO 2, A120 3, TiO2 , SiO 2-A120 3, A120 3-TiO 2 or 

SiO 2-Al20 3-TiO 2.  

[0038] The ratio of hydrodeoxygenation catalyst to the reactants which are fed into 
the second reaction sector is not required to be limited specifically but is determined 
according to the actual operation conditions.  

[0039] In one embodiment, the catalytic hydrodeoxygenation in the second reaction 
sector proceeds under heating at about 200-400*C, for example, at about 200'C, 
250"C, 300*C, 350 C, 400*C or a temperature between any two of the above values. In 
one embodiment, a temperature at about 300-400"C is preferred.  

[0040] Regarding the aforementioned condition for temperature, the operation system 
may be integrated. The waste gas and waste residue generated from the process can be 
utilized for heating, which can lower energy consumption, avoid a secondary 
pollution, and achieve the effects of energy saving and environmental protection.  

[0041] In a specific embodiment, after vegetable oils are fed into a distillation still to 
gasify under heating, the gasified vegetable oils are proceeded with catalytic 
cracking-deoxygenation in the catalytic distillation tower. The temperature of the 
distillation still is controlled at 100-6004C. The aluminum oxide-molecular sieve 
mixture is used as a cracking-deoxygenation catalyst, and the ratio of the catalyst to 
the oils is controlled between 1:5-1:20. The steps of the above reactions may be 
operated in batch or may be operated continuously by means of a switching-over 
among the distillation stills. Next, the product from cracking-deoxygenation is mixed 
with hydrogen gas through a feeding pump and is fed into a reaction reactor equipped 
with a hydrodeoxygenation catalyst for reaction, in which a supported metal catalyst 
or a supported metal sulfide catalyst is used as the hydrodeoxygenation catalyst. In the 
reaction reactor for hydrodeoxygenation, the feeding temperature is controlled at 
200-400"C; the partial pressure of hydrogen gas is 1-6 MPa; the volume space 
velocity is 0.5-4.0 h-I; and the hydrogen/oil volume ratio is 200:1-1200:1. Finally, 
clean fuel from vegetable oils is obtained, which may be separated into gasoline and 
diesel according to the temperatures of fractions. In the present invention, the dry gas 
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and waste residue generated in the conversion process of vegetable oils may be used 

as auxiliary heating.  

[0042] The biomass fuel produced according to the process of the present invention, 

such as renewable diesel, may be further processed if required. Isomerization may 

lower the condensation point of the biomass fuel, and thus, fuel with good properties 
at low temperature can be obtained.  

[0043] Following examples are provided to illustrate the present invention in detail. It 

should be understood that these examples have been presented by way of example 

only, and are not limiting the present invention.  

Example 1 

[0044] Palm acid oil is used as a raw material for the process of the present invention.  

[0045] The basic properties, component analysis and distilling range of palm acid oil 

are shown in Table 1. Palm acid oil is in solid at room temperature, and the content of 

free fatty acids thereof is up to 67%. As the content of fatty acids is too high, the palm 

acid oil can not be treated by using the direct hydrogenation process in the prior art 

(as foregoing mentioned, the prior art only shows hydrocarbon fuel prepared by direct 

hydrogenating treatments from raw materials which contain 15% free fatty acids at 

most). However, palm acid oil can be processed according to the present invention.  

Table 1. Basic Characteristic Properties of Palm Acid Oil 

Appearance Brown 

Moisture content %(m/m) 1.18 

Density@15.6 C g/cm 3  0.9285 

Sulphur content mg/kg <50 

Free fatty acid content % 67.1 

Fat content % 98.0 

Iodine value g12/100g 51.6 

Dodecanoic acid % 11.49 

Hexadecanoic acid % 24.97 
Fatty acid 
cop .tio Octadecanoic acid % 17.99 

Oleic acid % 31.02 

Others % 14.53 
Distilling range 

Initial boiling point 0C 309 
Temperature of 50% recovery *C 387.6 

Temperature of 90% recovery 0C 546.5 
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Temperature of 95% recovery 0C 581.1 
Final boiling point 0C 587.4 

[0046] Palm acid oil is fed into a distillation still to gasify under heating, and then is 
proceeded with a catalytic cracking-deoxygenation in a catalytic distillation tower.  
The temperature of the distillation still is controlled at 100-600*C; aluminum 
oxide-molecular sieve mixture is used as a cracking-deoxygenation catalyst; and the 
ratio of catalyst to the oil is controlled in the range of 1-20. The fractions of gasoline 
and diesel (<360 *C) are separated according to the temperatures of fractions, and the 
results are shown in Table 2.  

Table 2. Distribution of Cracking-deoxygenation Products 
Yield of gasoline and diesel fractions (<360 *C) Water Dry gas Residue 
80% 6% 10% 4% 

[0047] Based on the comparison between Table 1 and Table 2, it can be found that the 
oxygen content of the raw material oil can be lowered by removing oxygen in the 
form of water by means of the step of catalytic cracking-deoxygenation according to 
the present invention, and therefore, the decreased water generation in the following 
hydrogenation lengthens the lifetime of the hydrogenation catalyst. At the same time, 
the yield of gasoline and diesel fractions is about 80%.  

[0048] Next, the gasoline and diesel fractions from the catalytic 
cracking-deoxygenation procedure are mixed with hydrogen gas, and the mixture is 
fed into a reaction reactor equipped with a hydrodeoxygenation catalyst for reaction, 
in which a supported metal catalyst or a supported metal sulfide catalyst is used as the 
hydrodeoxygenation catalyst. Other reaction conditions are listed in Table 3, and the 
component analysis for the obtained clean fuel is shown in Table 4.  

Table 3. Conditions of Hydrodeoxygenation 
Hydrogen partial pressure MPa 5.0 

Volume space velocity h' I 

Hydrogen/oil volume ratio 800 

Reaction temperature 0C 310 

Liquid yield % 97 

Table 4. Composition Analysis for Clean Fuel 
Appearance Colourless transparent 
Condensation point 0C -3 
Hydrogen sulfide mg/kg 5.74 
Acidity - mgKOH/g 0.06 
Density (20*C) kg/m 3  763.0 
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Cetane Index 64 

Distilling range 
Initial boiling point 0C 66.8 
Temperature of 50% recovery "C 215.2 
Temperature of 90% recovery *C 258.1 
Temperature of 95% recovery 0C 267.5 

Final boiling point 0C 273.7 

[0049] As shown in Table 4, the fractions obtained from the catalytic 
cracking-deoxygenation of palm acid oil are proceeded with hydrodeoxygenation, and 

the fractions thus obtained from hydrodeoxygenation have a acid value of 

0.06mgKOH/g, which is much lower than the standard value of Biodiesel Standard in 

China (hereinafter, BD 100). The content of sulfur is lower than the standard value of 
GB Diesel Standard (III) GB19147-2009 (hereinafter, GB III Diesel) and that of the 
Euro V Standard EN590:2004 (hereinafter, Euro V Diesel). The Cetane Index is much 

higher than the standard values of GB III Diesel and Euro V Diesel. According to the 

method of the present invention, the clean fuel obtained from palm acid oil is indeed 
an excellent blending component for diesel.  

Example 2 

[0050] Jatropha oil is used as raw material for the process of the present invention.  

Jatropha oil is in liquid at room temperature, and the basic properties, component 

analysis and distilling range thereof are shown in Table 5.  

Table 5. Basic Characteristics of Jatropha oil 

Appearance Yellow transparent 

Moisture content % (nm) <0.05 

Density@15.6*C g/cm 3  0.9193 

Sulphur content mg/kg <50 

Free fatty acid content % 1.9 

Fat content % 99.6 

Iodine value gI2/100g 103 

Distilling range 
Initial boiling point *C 405.6 

Temperature of 50% recovery 0C 573.9 

Temperature of 90% recovery *C 591.7 
Temperature of 95% recovery 0C 593.3 
Final boiling point 0C 603.5 

[0051] Jatropha oil is fed into a distillation still to gasify under heating, and then is 
proceeded with catalytic cracking-deoxygenation in a catalytic distillation tower. The 
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temperature of the distillation still is controlled at 100-600'C. Aluminum 
oxide-molecular sieve mixture is used as a cracking-deoxygenation catalyst. The ratio 
of catalyst to the oil is controlled in the range of 1-20. The fractions of gasoline and 
diesel (<3 60*C) are separated according to the temperatures of fractions, and the 
results are shown in Table 6.  

Table 6. Distribution of Cracking-deoxygenation Products 
Yield of gasoline and diesel fractions (<360 *C) Water Dry gas Residue 

78% 4% 13% 5% 

[0052] Based on the comparison between Table 5 and Table 6, it can be found that the 
oxygen content of the raw material oil can be lowered by removing oxygen in the 
form of water by means of the step of catalytic cracking-deoxygenation according to 
the present invention, and therefore, the decreased water generation in the following 
hydrogenation lengthens the lifetime of the hydrogenation catalyst. At the same time, 
the yield of gasoline and diesel fractions is about 78%.  

[0053] Next, the gasoline and diesel fractions from the catalytic 
cracking-deoxygenation procedure are mixed with hydrogen gas, and the mixture is 
fed into a reaction reactor equipped with a hydrodeoxygenation catalyst for reaction, 
in which a supported metal catalyst or a supported metal sulfide catalyst is used as the 
hydrodeoxygenation catalyst. Other reaction conditions are listed in Table 7, and the 
component analysis for the obtained clean fuel is shown in Table 8.  

Table 7. Conditions of Hydrodeoxygenation 
Hydrogen partial pressure MPa 5.0 

Volume space velocity h- 1 

Hydrogen/oil volume ratio 800 

Reaction temperature 0C 310 

Liquid yield % 98 

Table 8. Composition Analysis for Clean Fuel 

Appearance Colourless transparent 
Condensation point 0C -15 
Hydrogen sulfide mg/kg 7.7 
Acidity mgKOH/g 0.04 

Density @20"C kg/m3  783.7 
Cetane Index 43.4 

Distilling range 
Initial boiling point 0C 101.2 
Temperature of 50% recovery 0C 250.1 
Temperature of 90% recovery 0C 323.9 
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Temperature of 95% recovery C 350.2 

Final boiling point C 372.6 

[0054] As shown in Table 8, the acid value of the fuel obtained from Jatropha oil is 

much lower than the standard value of BD100; the content of sulfur is lower than the 
standard value of GB III Diesel and that of Euro V Diesel; and the Cetane Index reach 
the standards for Grade III Diesel.  

[0055] Example 1 and Example 2 provide applications of non-edible animal and 
vegetable oils and fats which are either the most difficult to handle or the easiest to 

handle. By using the process of the present application, both of the two Examples can 

produce clean fuel with excellent properties. It is also shown that the process of the 

present invention is not fastidious about the raw materials of biological oils and fats, 
and the process is applicable to all kinds of biological oils and fats. Even palm acid oil, 
which is the most difficult to handle in the art, can be used to produce clean fuel with 
high-quality by using the process of the present invention.  

[0056] The clean fuel prepared according to the present invention comprises Cs-C 2 4 as 

its main carbon chain components. The cetane number of the clean fuel is higher than 

the traditional petroleum diesel. The clean fuel has a lower density, and does not 

contain sulfur, nitrogen or aromatic hydrocarbons substantially. Based on the above 

characteristic properties, the clean fuel produced according to the present invention is 

an ideal and high quality blending component of diesel, which can be blended with a 

low value oil (with a lower cetane number) produced by hydrogenating light catalytic 

cycle oil, so as to produce ultra low sulfur diesel which meets the requirements of 

relevant standards.  

Example 3 

[0057] An example for producing clean fuel according to the present invention is 

provided on a level of application in industry.  

[0058] Referring to Fig. 1, raw materials of biological oils and fats are fed into the 
distillation still 1 and are heated, and then, are guided into the catalytic distillation 

tower 2, which is equipped with a cracking-deoxygenation catalyst.  

Cracking-deoxygenation for the biological oils and fats takes place under a certain 

temperature. The gasoline and diesel fractions thus obtained from the catalytic 

distillation tower 2 are fed into the hydrorefining reaction reactor 7, in which the 

gasoline and diesel fractions from the catalytic distillation tower 2 are mixed with 
hydrogen gas through a feeding pump 5, and then enter into the hydrorefining reaction 

reactor 7 after being heated by a heat exchanger and the heating furnace 6.  

[0059] The hydrodeoxygenation catalyst is equipped in the hydrorefining reaction 
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reactor 7. Under a preset temperature, the fractions from the catalytic distillation 
tower 2 are fed into the hydrorefining reaction reactor 7 and are proceeded with a 
catalytic hydrodeoxygenation with hydrogen gas. Finally, the obtained product is fed 
into the atmospheric distillation tower 9 and fractionated to product clean fuel, such as 
gasoline, diesel and the like.  

[0060] In the process of the present invention, through a catalytic 
cracking-deoxygenation, a large amount of C-O bonds contained in biological oils and 
fats are broken firstly; and then, through a catalytic hydrodeoxygenation, a final clean 
fuel is obtained. The process of the present invention lowers effectively the 
consumption of hydrogen which is required by hydrogenation. Based on the 
comparison between the present invention and the processes in the prior art, i.e., a 
two-step process of direct hydrodeoxygenation and then hydroisomerization for 
biological oils and fats, or a one-step process combining hydrodeoxygenation and 
hydroisomerization, up to 50% of hydrogen gas consumption is cut down by the 
present invention. Based on the comparison between the present invention and the 
process of transesterification in the prior art, the present invention does not require 
low-carbon alcohols and does not generate by-product glycerol. The process of the 
present invention is simple to operate and reduces the cost significantly.  

[0061] The above description of the preferred examples of the present invention is for 
the purposes of explaining, illustrating but not limiting the content of the present 
invention. The scope of the present invention is determined by the Claims. Those 
ordinary skilled in the art can make appropriate modifications or changes after reading 
the above description, and all such modifications or changes fall within the scope of 
the present invention.  
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What is claimed is: 

1. A method for preparing fuel using biological oils and fats, comprising: 

(a) guiding the biological oils and fats that have been heated into a catalytic 

distillation tower that is configured with a cracking-deoxygenation catalyst, and 

proceeding with a catalytic cracking-deoxygenation reaction for the biological 

oils and fats under heating in the presence of a cracking-deoxygenation catalyst 

in the catalytic distillation tower; 

(b) mixing the product of step (a) with hydrogen gas; and 

(c) proceeding with a catalytic hydrodeoxygenation reaction for the mixture from 

step (b) under heating in the presence of a hydrodeoxygenation catalyst.  

2. The method according to claim 1, wherein step (a) can be operated continuously 

or in batch.  

3. The method according to claim 1, wherein step (a) employs a circulating 

operation with multiple distillation stills or employs a continuous catalytic distillation 

operation, and step (c) employs a continuous operation.  

4. The method according to any one of claims 1 to 3, wherein the biological oils and 

fats are from animal origin, plant origin, microorganism origin or mixtures thereof.  

5. The method according to any one of claims 1 to 4, wherein the 

cracking-deoxygenation catalyst is selected from aluminum oxide, molecular sieve or 

a mixture thereof.  

6. The method according to claim 5, wherein the molecular sieve is one or more 

elements selected from a group consisting of HY, HP, SAPO-31, HZSM-5, and 

HZSM-22.  

7. The method according to claim 5, wherein the cracking-deoxygenation catalyst is 

a mixture of aluminum oxide and molecular sieve, and content of the molecular sieve 

is 5-70 wt%.  

8. The method according to any one of claims 1 to 7, wherein, the 

cracking-deoxygenation catalyst is a formed catalyst, and a ratio of equivalent 

diameter of the cracking-deoxygenation catalyst to the diameter of the catalytic 

distillation tower is less than 0.1.  

9. The method according to any one of claims 1 to 8, wherein a mass ratio of the 

cracking-deoxygenation catalyst in step (a) to the reactants of step (a) is selected from 

a group consisting of: 1:5, 1:10, 1:15, 1:20, 1:30, 1:40, and 1:50.  
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10. The method according to any one of claims 1 to 9, wherein the 

cracking-deoxygenation catalyst is of water-resistance.  

11. The method according to any one of claims I to 10, wherein the heating condition 

of step (a) is 100-600 *C.  

12. The method according to any one of claims 1 to 11, wherein the product of step (a) 

comprises alkenes, alkanes, carbon monoxide, carbon dioxide, water or combinations 

thereof.  

13. The method according to any one of claims 1 to 12, wherein step (a) comprises 

following reactions: 

R-CH 2-COOH I R-CH 3 + C02 or R=CH 2 + CO + H2 0 

R-CH 2-COOCH 2 

R'-CH 2-COOCH 2  i R-CH=CH 2 + R-H + CO + C02 + C3H6 + C3 H8 + H20 

R"-CH2-COOCH 2 

wherein each of R, R' and R" is an alkyl of C10 -2 2 .  

14. The method according to any one of claims 1 to 13, wherein the 

hydrodeoxygenation catalyst comprises a supported metal catalyst, and the metal is 

one or more elements selected from a group consisting of the metal elements of Group 

IIIB to Group VIII, and alloys thereof.  

15. The method according to any one of claims 1 to 14, wherein the heating condition 

of step (c) is 200-400 *C.  

16. The method according to any one of claims 1 to 15, wherein step (c) comprises 

following reactions: 
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R-CH=CH 2 + H2  i R-CH 2-CH 3 

R-COOH + H2  i R-CH 3 + H20 or R-H + C02 

R-CH 2-COOCH 2 

R'-CH 2-COOCH 2 + H2  i R-CH 2CH 3 + C02 + C3 H + H20 

R"-CH 2-COOCH 2 

wherein each of R, R' and R" is a C1 0-2 2 alkyl.  

17. The method according to claim 1, further comprising: 

(d) fractionating the product of step (c) to obtain gasoline and diesel.  

18. The method according to any one of claims 1 to 17, wherein dry gas generated by 

the method is used for auxiliary heating in steps (a) and (c).  

19. The method according to any one of claims 1 to 18, wherein the product of step (a) 

passes through a feeding pump before mixing with hydrogen gas in step (b), and then 

enters into a reaction reactor for hydrorefining through a heat exchanger and is 

proceeded with step (c) in the reaction reactor.  

20. The method according to claim 1, wherein step (a) further comprises distilling 

operation.  

21. The method according to claim 1, wherein, the heating condition of the 

distillation stills is between 100 "C and 600 'C, the cracking-deoxygenation catalyst is 

a mixture of aluminum oxide and molecular sieve, and the mass ratio of the 

cracking-deoxygenation catalyst to reactants of step (a) is between 1:5 and 1:20.  

22. The method according to claim 1, wherein step (c) takes place in a reaction 

reactor for hydrorefining, in which the hydrodeoxygenation catalyst is a supported 

metal catalyst, the heating condition in the reaction reactor is 200-400 "C, partial 

pressure for hydrogen gas 1-6 MPa, volume space velocity 0.5-4.0 h 1 and 

hydrogen/oil volume ratio 200-1200:1.  
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