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Fig.2 Polarization curves for 50 nm-Al in 3.5% NaCl solution
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Fig.3 X-ray diffraction patterns for the samples after constant
potential polarization

a—raw material Al powder, b—constant potential polarized powder

under —1.04V, c—constant potential polarized powder under -0.5 V
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Fig.4 Polarization curves for Al powder with different parti-

cle size in 3.5% NaCl solution at 25 °C
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Table 1 The electrochemical parameters associated with
polarization measurements for the four samples in 3.5% NaCl

solution at 25 °C

. . Ecorr ( SCE) ba ” bc [corr
particle size i . 5
/ / mV - dec / mV - dec /A - cm
50 nm -1.04 575.69 448.79 129.4
2 pm -0.65 570.71 444.76 89.5
13 pm -0.47 529.29 445.55 42.8
29 pm -0.34 543.34 482.25 20.7

Note: E o, by, = b, I, is corrosion potential, the slopes of the anodic,

the slope of cathodic and corrosion current respectively.
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Fig.5 The fitted curve of E_, with particle size at 25 °C
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Table 2 E_ of aluminum powder with different particle size

at different temperatures

ECOTI‘/ V
T/K
50 nm 2 pm 13 pm 29 pm
293.15 —-1.0043 -0.6220 -0.4495 -0.3235
295.65 —-1.0305 —-0.6342 —-0.4587 -0.3359
298.15 -1.0480 -0.6490 -0.472 -0.3430
300.65 -1.0621 -0.6620 —0.4845 -0.3527
303.15 -1.0863 -0.6750 -0.4928 -0.3620
Ny A =1 2 A = e VH RE Ny aEcorr
Ry SRAT A TR RL AR B ik Fi, 57 3 B2 R B aT L XF
P

32 PIBUR AT E.-T A A DR 19 55 8 5 Ikt
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50 nm: E,.,, =8.4571 x10 °T* —0.0583T +8.8033 (1)

2 wm: E, =2.2857 x10"°T* -0.0067 T +1.1504  (2)
13 wm: E., =8.6857 x10 °T° —0.0563T +8.5796 (3)
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29 um: E, =4.1143 x10 °T* -0.0283 T +4.4321 (4)
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Table 3 The thermodynamic parameters obtained by electrochemical analysis for the reaction of Al-H,O at 25 °C

IE or - B - -
particle size (?) A, G, /k) - mol ™! A.S. /K +mol ™" - K™ A H_, /k) + mol 7! /%
P

50nm -0.00782 303.35 -2.26 -371.36 90.6
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Reaction of Al Powder and Water Visa Electrochemistry Technology

TONG Da-ming, CAI Shui-zhou, XIE Chang-sheng, XIA Xian-ping, ZENG Da-wen

( State Key Laboratory of Material Processing and Die & Mould Technology, Nanomaterials and Smart Sensors Laboratory, Department of Materials Science and

Engineering , Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to evaluate the combustion efficiency of Al powder in Al-H,O reaction, the reaction of Al powder with particle
size of 50 nm, 2 um,13 pm and 29 pm and H,O was studied from electrochemistry. An evaluated system to characterize the
Al-H, O reaction with parameters including corrosion potential, corrosion current density and corrosion potential temperature
coefficient was initially established by polarization curves of Al-H, O reaction at different temperatures. The experimental data were
fitted and analyzed to discuss the behaviours of Al-H,O reaction affected by particle size and temperature. The electrochemical
thermodynamics of Al-H,O reaction was studied by Faraday’'s law and Gibbs-Helmholtz equation. Results show that with the

reduction of particle size of Al powder, the corrosion potential (E_,,, ) of Al-H,O reaction decreases and the Al-H, O reaction easily

takes place. The decrease rate of E_, is relatively significant when the particle size is less than 2 um. The combustion efficiency of
Al powder with 50 nm is 90.6% in Al-H,O system, which is much higher than that of Al powder with 2um at 25 °C (66.7% ).
Key words: material science; Al-H,O reaction; electrochemical thermodynamics; nano-Al; micro-Al
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