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Fig.1 XRD patterns of as-received and organosilane modi-
fied boron particles
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Fig.2 SEM images of as-received and organosilane modified

boron particles
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Fig.6 Apparent viscosity of organosilane modified boron
(50% )/JP-10 blend fuels vs. shear rate at 25 °C
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Table 1 Apparent viscosity of organosilane modified boron
(50%)/JP-10 blend fuels at 25 °C and 100 s' of shear rate

50%)/)P-10 & 5 ¥ EHE 25 °C 59 1k

blend fuel C3-B/P-10 C8-B/P-10 C12-B/P-10 C16-B/P-10

apparentviscosity/Pa+s 0.25 0.14 0.13 0.15
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Table 2 Parameters of power-law equation for organosilane
modified boron (50%)/JP-10 blend fuels

blend fuel T/C n K/ Pa-s" R
25 0.25 15.23 0.999
C3-B/JP-10 50 0.32 9.16 0.972
75 0.32 6.83 0.991
25 0.31 3.75 0.993
C8-B/JP-10 50 0.28 3.36 0.996
75 0.27 3.15 0.997
25 0.31 3.44 0.995
C12-B/JP-10 50 0.30 2.70 0.996
75 0.30 2.33 0.997
25 0.29 4.41 0.997
C16-B/JP-10 50 0.28 3.47 0.997
75 0.27 2.85 0.998
Note: K and n are two parameters in power-law equation: 7 = Ky"~'. K is

the fluid consistency and n is the power law exponent. R* is judge-

ment coefficient.
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Fig.9 Apparent viscosity of organosilane modified boron(50% )/JP-10 blend fuels as a function of time at 25 °C(shear rate=50s™')
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Rheological Properties of Organosilane Modified Boron/JP-10 Blend Fuels

Du Xin-yi', LI Gang'*
(1. Department of Chemistry , Zhejiang University , Hangzhou 310027, China; 2. Center of Chemistry for Frontier Technologies , Zhejiang University ; Hangzhou
310027, China)

Abstract: Addition of high energy boron into the liquid fuel is an effective method to improve the energy density of the blended
fuel. However, the added content of boron is limited, due to the dramatic increase in the viscosity of the blended fuel. So it is im-
portant to increase the boron content as much as possible without obvious viscosity increase. Four organosilanes including prop-
yltrimethoxysilane (C3-silane) , octyltrimethoxysilane (C8-silane) , dodecyltrimethoxysilane (C12-silane) and hexadecyltrime-
thoxysilanes (C16-silane) were used to modify boron particles. First, the modified boron particles were characterized by scan-
ning electron microscopy, contact angle measurement, X-ray diffraction, particle size analysis (using dynamic laser scattering)
and thermogravimetric analysis. Then the rheological properties of organosilane modified boron/JP-10 blend fuels were investigat-
ed. Finally, the effect of temperature on the apparent viscosities at different shear rates was studied. The results show that boric
acid on the boron surface was removed upon surface modification with organosilanes and the surface characteristics of boron
powder were transformed from hydrophilicity to hydrophobicity. The content of organosilane was less than 1.5% in the organosi-
lane modified boron particles, which would have marginal effect on the total heat value. Organosilane modified boron/JP-10
blend fuels with solids content of 50% showed good fluidity and their apparent viscosities were lower than 0.3 Pa-s at 25 °C and
100 s™' of shear rate. Keeping other conditions the same, the apparent viscosity of blend fuels depends on the length of side
chain alkyl group of organosilane: C3-silane>C8-silane~C12-silane~C16-silane. Organosilane modified boron/JP-10 blend fuels
showed shear-thinning characteristics and the relationship between the apparent viscosity and the shear rate could be well fitted
by power-law equation. The apparent viscosity of blend fuels depends strongly on the temperature and their relationship could be
well expressed by Arrhenius equation. The shear activation energy of blend fuels increases with increasing the length of side
chain alkyl group of organosilane coated on the boron.
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