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Thermal Behavior of Aluminum Magnesium Alloy Powder Used for Manufacturing
a Certain Additive When Exposed to Humid Environments
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[ABSTRACT] Aluminum magnesium alloy powder used for additive manufacturing may cause explosion accidents in hu-
mid environments. In order to investigate the danger of thermal runaway of water containing aluminum magnesium alloy
powder, experiments were carried out on the onset temperature of exothermic peak, specific exothermic capacity, exother-
mic behavior and hydrogen production characteristics under adiabatic conditions of the mixed system. The results show that
there are two exothermic peaks in the reaction of the mixed system of aluminum magnesium alloy powder with 9% magne-
sium content. The onset temperature of exothermic peak 1 increases to nearly 100 °C with the increase of water content.
When the mass fraction of water is greater than 17% , the minimum heat release of exothermic peak II exceeds 800 J/g,
and the severily level of the uncontrolled reaction is catastrophic. Due to the addition of magnesium, the severity of thermal
runaway in the mixed system increased by up to 200% . Under adiabatic conditions, the specific hydrogen production of the
mixed system with a water mass fraction of 66% reaches the maximum value of 8.71 mol/kg, while the mixed system with
a water mass fraction of 30% has the highest severity of runaway reactions, with a maximum specific heat release of
1 878.69 J/g and a revised adiabatic temperature rise of 930. 10 K. It revealed the mechanism of thermal runaway caused
by moisture exposure of aluminum magnesium alloy powder, providing a strong basis for the establishment of a theoretical
model of thermal runaway in aluminum/water reactions.
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Fig. 1 Particle size distribution of

aluminum-magnesium alloy powder

25
spb 100°\°
N 180 =&
ﬂ 15 §
K D,=26.3 199
& 10t S N %
ﬁ ‘ 140 -
2 i
S5t 120
T 60 50 °

40
Rife/um

K2 R RRAR i

Fig.2  Particle size distribution of aluminium powder
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Tab.1 Peak temperature measured by DSC with

different moisture contents

W 1 W 11

TOKE, ARLR Lk AU Fb ik
% R i/ R g/
/C J-g) /C J-g™H

— — 388.93  369.42

82.33  348.91 416.56  488.41

10 82.28  534.90 305.36  600.60
15 83.81 572.26 320.14  633.31
17 85.64  637.15 327.13  834.58
20 85.50  650.56 321.78  1422.01
30 81.55  451.36 281.04  1902.37
50 88.16  309.15 296.34 3 932.08
60 97.43 109. 12 298.01 4 398.04
66 106.82  102.67 278.37  4903.91
75 97.32 111.61 298.66 2 801.56
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Fig.4 DSC curves of aluminum-magnesium alloy powder with different moisture contents
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Tab.2 Comparison of specific heat release results
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Fig.5 DSC curves of aluminum powder containing water
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Tab.3 Adiabatic thermal results of

aluminum-magnesium alloy powder
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Tab.4 Comparison of starting temperatures

under different test conditions

C

K MR AR REBIAR
%./;/ DSC ARC DSC ARC

15 83.81 51.20 79.28 45.34

30 81.55 47.01 82.02 50.19

66 106. 82 47.00 89.11 61.76

75 97.32 65.57 93.01 58.50
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Tab.5 Comparison of adiabatic thermal results

4 RS Bk Bk

Ko g ek Y i Sibr Hg Y ek 1 EMN Hig
ROFRW, M FHE, WP WTREY BRI, B ThE, ITREY Y
% min - (J+g™") K (mol+kg™") (mol - kg™)  min  (J-g™") K (mol « kg™") (mol - kg™")
15 134 484.22 65.2 3.90 4.87 112 1 205.46 161.7 4.26 4.55

30 116 1878.69  73.7 4.42 8.21 140 1264.42 90.6 6.51 8.41

66 138 1711.13 86.5 8.71 18.18 158 1 436.62 50.1 9.33 18.33

75 198 908.99 67.1 6.67 15.60 160 505.77 15.1 4.49 13.94
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