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Abstract: For the purpose of enhancing the stability of nanofluid fuels, scholars are seeking a more effec-
tive approach of metal particles modification. Development process of nanofluidic fuels as well as theoretical re-
searches on its stability are briefly reviewed in the article, with focusing on the technical approaches to improve
the stability of nanofluid fuels and the modification methods of metal particles. The stability mechanism of nanofu-
els is firstly introduced from two aspects: influencing factors and DLVO theory. The stability evaluation methods
applied to nanofluid fuels are briefly described with that. After that, the preparation methods of nanofluid fuels
are reported. In addition, it is pointed that using surfactants and surface modification of metal particles are princi-
pal means for improving the stability of nanofluid fuels and that surface modification of metal particles is an effec-
tive solution for both stability and combustion of nanofuels. Finally, after analyzing the related researches on the
surface modification of boron and aluminum particles, the approaches and results of metal particles modification
are summarized, and the future research trends are prospected.
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Fig. 1 Schematic diagram of nanofluid fuel composition
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Fig.2 Schematic diagram of single particle force in

nanofluid fuels
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Fig. 3 Schematic diagram of 1/«, a and H
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Fig. 4 Settlement rate of nanofluid fuels formed by

different percentages of oleic acid modified nano-aluminum

particles and JP-10 after standing for 1 month"*
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Table 1 Partial study of nanofluid fuels using surfactants
N:
Author d.ﬂ() Liquid fuels Surfactants Remarks
particles
Oleic acid
Propyl lycol
. [19] ATK (aviation ropyfene g yeo Span—80 has the longest settling time with 50h and 6h, respectively for
Shariatmadar . Span—80 . . .
turbine kerosene ) nano-sized and micron—sized boron.
Tween-85
CTAB
Without the addition of surfactant, the nano—aluminum particle
Ethanol suspension in n—decane and ethanol was respectively stable for 10min,
thano
Gan!* Al Span-80 and 24h without significant precipitation. Mixed with the Span-80, Al
n—decane . T . .
particles were added in liquid fuels, and the nano—aluminum particles
with n—decane could remain dispersed and stabilized for at least 3h.
Fe According to the principle of light scattering, the nano—fuel with
Mehtal?! Al Diesel Span-80 maximum particle loading was selected, which was 30nm~60nm Fe,
B Snm~150nm Al, and 80nm~100nm B, respectively.
A certain amount of Tween—85 was added to JP-10, and after stirring,
Chen!20! Al JP-10 Tween-85 nano—aluminum particles were added, and then, ultrasonic dispersion

was carried out for 10min to mix it.
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Table 2 Physical and chemical properties of metals””

Metal Density/ Atomic weight/ Melting Boiling

(glem?) (g/mol) point/C point/C
Li 0.54 6.94 179 1336
Be 1.85 9.01 1285 2970
B 2.34 10.81 2074 2550
Mg 1.74 24.30 650 1117
Al 2.70 26.98 660 2447
Fe 7.86 55.84 1538 2862
W 19.3 183.84 3410 5555
Zr 6.44 91.22 2120 5770
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Fig. 8 Schematic diagram of the thermal plasma reactor™”
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Table 3 Surface modification method of aluminum particles

Author Year Modified ligand

Method Average particle size/nm

Fernando'**! 2008 Oleic acid
Oleic acid,
Oleylamine,
E Xiuls" 2016 TOPO, TOP,
dodecylamine,

dodecyl nitrile, TPP

Oleic acid
Wang”' 2016 Oleylamine

1,2-epoxyhexane

TOPO
Mathe3¢) 2016

Palmitic acid

Javed' ! 2013

Heat decomposition of AIH; organic complex

Heat decomposition of

30(3.8mmol/LL OA) and 5(11.4mmol/L. OA)

Liquid reflow heating 50

20(Oleic acid) and 30(TOPO)

AlHyand AlH; organic complex

Direct current thermal plasma reactor 140

Mechanical ball milling -

Ultrasonic stirring,

magnetic stirring,

100

centrifugation,

washing and redispersion

Kim! 4! 2016 Oleic acid
Chen''*l 2017 Oleic acid
Leel 5 2018 Oleic acid

AlH; organic complex

Oleic acid
E Xiu'®' 2018

oleylamine

TOPO

Heat decomposition of

22.3(1h growth time) ,
40.1(2h growth time) ,
169.5(3h growth time)

Heat decomposition of AIH; organic complex 16
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