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ABSTRACT In recent years, the Chinese government has proposed the “dual carbon” goal of achieving a carbon peak by 2030 and
carbon neutrality by 2060. In achieving this goal, the petrochemical industry is experiencing the urgent challenge regarding its
development and transformation vis energy conservation and emission reduction. Biobased aviation kerosene is a sustainable and
environmentally friendly alternative for reducing carbon emissions in the aviation industry, offering a notable promise for widespread
adoption. This study comprehensively reviews the process for producing aviation kerosene from biomass. Vegetable oil, oil from
inedible oil crops, pyrolysis oil, lignocellulosic residues, sugar, and starch biomass can be used as raw materials for the production of
bioaviation kerosene. Biobased aviation kerosene can be classified into the following types according to its production technology: oil to
jet (OTJ), gas to jet (GTJ), alcohol to jet (ATJ), and sugar to jet (STJ) fuels. With the rapid development of China’s bioethanol industry
and abundant production, the energy supply-diversification strategy represented by ethanol and other alternative energy sources has

become a guide for energy policies in various countries. The use of bioethanol as a raw material for preparing aviation kerosene is
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important for the environment, economy, and sustainability. This study focuses on the process of converting bioethanol into aviation
fuel. It analyzes and summarizes the reaction conditions and catalysts involved in the three main reactions: ethanol dehydration to
ethylene, olefin oligomerization, and hydrogenation. Currently, the ATJ process still suffers several disadvantages, such as long process
flow and low conversion efficiency. The conversion route from ethanol to jet kerosene is complex and requires three different catalysts.
We must develop a catalyst that can catalyze both the dehydration reaction and oligomerization hydrogenation reaction, increase the
conversion efficiency, and reduce the production cost. This study introduces the carbon—carbon coupling of ethanol and
hydrodeoxidation for the production of aviation kerosene, including discussions on reaction mechanisms and catalysts for the preparation
of high-carbon alcohol. The Guerbet condensation reaction of ethanol is hindered by the presence of water as a by-product. Therefore, a
catalyst is proposed for carbon—carbon coupling reaction of aqueous ethanol to produce high-carbon alcohols. The catalyst, with its
satisfactory water resistance, can retain its activity and selectivity for high-carbon alcohols even in the presence of water and effectively
inhibit the interference of water molecules, thereby increasing the efficiency and stability of the catalytic reaction. Jet kerosene is
obtained via hydrodeoxidation of high-carbon alcohols, in which noble metal- and molybdenum-based catalysts exhibit satisfactory
catalytic performance. Transition metals combined with Mo2C catalysts can selectively break the C—O bonds in polyols and avoid C-C
bond breakage. Research and development of efficient hydrodeoxidation catalysts can facilitate the conversion of high-carbon alcohols
into hydrocarbons, providing important support for the development of alternative aviation fuels. This study highlights the current
challenges facing the production of ethanol-based jet fuel, such as the high production cost and the need for new catalysts. Furthermore,

it proposes future development directions, offering valuable insights for the industrialization of bioethanol-based aviation kerosene

production.

KEY WORDS aviation kerosene; bioethanol; catalyst; high-carbon alcohol; hydrodeoxidation
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Table 1 Main methods of preparing aviation kerosene from biomass !'*!
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Table 2 Comparison of performances of catalysts for ethanol dehydration

. Reaction Ethylene

Catalyst Catalyst preparation method temperature/C yield/% Reference
Cu—SSZ-13 zeolite Cu-tetraethylenepentamine complex was synthesized via the one-pot method 212 >99 [31]
WO;/MCF-Si WO; was impregnated on MCF-Si carrier via the initial wet immersion method 400 98.3 [32]

TiO, negative support was prepared via the solvothermal method; Pd was
W/Pd/TiO, impregnated first, and W was impregnated via the equal volume impregnation 400 68.1 [33]
method
. H-ZSM-5 with Si/Al molar ratio of 25-30 was converted into Sr—ZSM-5 via ion

Ni/St=2SM-5 exchange, and then Ni was loaded onto Sr—ZSM-5 via the impregnation method 250 93 [34]
HT-y-AL,O4 HT-y-Al,05 was synthesized via solvent protection and hydrothermal treatment 450 98 [29]
HPW/TIb HPW/TIb was prepared from phosphotungstic acid hydrate and 1.5mm diameter 210 96 (35]

silicon trilobes

Notes: MCF-Si is mesocellular form silica; HT-y-Al,Oj is high-energy plane (111)-exposed gamma alumina; HPW is phosphotungstic acid hydrate.
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Table 3 Comparison of catalysts for preparation of high-carbon alcohols

Catalyst type

Catalyst

Catalyst application characteristics

Reference

Unsupported
catalyst

Hydroxyapatite

Various preparation methods of HAP (ultrasonic, microwave, and autoclave) can affect the
catalytic activity of ethanol conversion. The number and strength of alkaline sites on the surface of
hydroxyapatite are mainly affected by the use of ultrasonic waves and microwaves. In this
catalytic system, the conversion rate and product selectivity can be adjusted by changing the
surface distribution of acidic and alkaline sites, and the difference in Ca/P ratio on the surface of
hydroxyapatite solids results in different catalytic activities of hydroxyapatite in ethanol
conversion.

[60]

Hydrotalcite

MgO mixed oxide exhibits higher catalytic activity than a single MgO catalyst. MgO only has a
strong basic site and cannot generate n-butanol and C,, products, resulting in extremely low
activity for ethanol dehydrogenation. Lewis acidic sites are required to stabilize acetaldehyde
intermediates generated during the reaction. The adjacent Lewis acid—base sites on Mg—Al mixed
oxide catalysts can facilitate the synthesis of C,, compounds.

[61-62]

CaC,

Calcium carbide (CaC,) exhibits remarkable catalytic activity in the formation of C4—C, alcohols
via ethanol condensation at 275-300 °C. The alkyne group in CaC, is important in the catalytic
pathway and has a strong hydrogen-absorption capacity.

[63]

Supported
catalyst

Single-metal-
supported catalyst

Ni-, Cu-, Ag-, and Pd-based catalysts, i.c., single-metal-supported catalysts, can decrease the
reaction temperature and increase the selectivity for high-carbon alcohols owing to their
dehydrogenation performance and adjustable distribution of active sites. Metals are responsible for
ethanol dehydrogenation and hydrogenation of unsaturated aldehydes, while the adjacent Lewis
acid—base provides the active center for acetaldehyde condensation and subsequent dehydration.

[56, 64]

Multimetal-supported
catalyst

The introduction of Ni—Co bimetallic catalysts, Sn—Ni/CS catalysts, and other polymetallic
catalysts considerably increased the dehydrogenation efficiency of ethanol, although some
limitations were observed in the catalytic process. An increase in metal loading can enhance the
conversion of ethanol, but it is also accompanied by the formation of a large number of by-
products, such as gas and alkane. In contrast, decreasing the loading is beneficial to increasing the
selectivity for high-carbon alcohols, but this may affect the conversion rate.

[65]
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