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For the JP-10-AlNPs and JP-10−Ti−Al−B RMNP systems,
UV−vis emission spectra were collected, time-resolved over 127
ms with data collection times of 1 ms per spectrum (Figure 4),
and synchronized with the optical and visual cameras (Figures
S3 and S4). In both systems, the stages of glow and di.usion
flame result in qualitatively di.erent emission spectra. The glow
flame at t = 0−15 ms has multiple atomic and molecular
emission peaks superimposed on a blackbody background
spectrum. The di.usion flame at t > 15 ms is dominated by very
strong blackbody broadband emission and reveals few weak
emission peaks that change in intensity as the burning droplet
moves in and out of the field of view of the emission probe.
Representative blackbody-corrected deconvoluted UV−vis
emission spectra of the JP-10-AlNPs and JP-10−Ti−Al−B
RMNP flames recorded at ignition, during glow flame and
di.usion flame stages, are displayed in Figures 1 and 2,
respectively, while the extracted temporal evolutions of the
emission features during the glow stage are compiled in Figure 5.

The oxidation of aluminum is associated with the emission
lines of aluminum at 395 nm (Al; 2p63s24s 2S → 2p63s23p 2P)
and aluminum monoxide at 460−550 nm (AlO; B2Σ+ → X2Σ+)
(Figure 1). While the oscillator strength is higher for the Al
atomic line, its emission is much less intense than that of the AlO
bands. This suggests that Al atoms are quickly removed in
reactions with molecular oxygen and JP-10 vapor in a barrierless,
exoergic reaction (−15 kJ mol−1). The time behavior of Al and
AlO emissions (Figure 5A) is characterized by a quick rise to
peak values at 2 ms followed by a decay to the baseline at 8−10
ms. Thus, the time traces of atomic aluminum (Al) and
aluminum oxide (AlO) correlate with the glow flame produced
by burning of the AlNPs in the nanofluid spray. The
simultaneous presence of Al and AlO in the gas phase is

consistent with a computationally suggested mechanism of
AlNP combustion, where AlO is formed in the gas phase
through the reaction of aluminum atoms with molecular
oxygen.27 The fast rise of Al and AlO concentrations is produced
by the quick heating of NPs to temperatures of about 3000 K
above the melting point of aluminum oxide (Al2O3, 2345 K)26,28

and to produce Al vapor close to the boiling point of Al (2743
K). The decay of the Al and AlO time traces can be explained by
lowering the Al vapor pressure due to the reduction of
temperature and the total surface area of the NPs upon
oxidation.

The most prominent emission features in the combustion of
JP-10-AlNPs are atomic lines of sodium, lithium, and potassium
at 589 nm (Na: 2p63p 2P → 2p63s 2S), 672 nm (Li: 1s22p 2P →
1s22s 2S), and 767 nm (K: 3p64p 2P → 3p64s 2S), respectively
(Figure 1, Tables S3−S5). The alkali metals represent trace
elements in the nanoparticles.26,28 Their time traces show a
sharp rise at 2 ms followed by a slower decline to the baseline
level over the subsequent 20 ms (Figure 5A), qualitatively
similar to the Al and AlO species. This suggests that the major
source of alkali metals is evaporation from the NPs. Thus, the
rise of Na, Li, and K can be produced by quick heating of the NPs

Figure 3. Temperature (red trace) and total radiated power (black
trace) time profiles for the combustion of JP10-AlNP (A) and JP10-
TiAlB RMNP (B) droplets derived from the blackbody emission
radiation. Temperature 1σ error bars (not shown) are below ±10 K.

Figure 4. UV−vis emission spectra in steps of 1 ms collected during 40
ms of the ignition of JP10-AlNP (A) and JP10-TiAlB RMNP (B)
droplets.
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