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Melting AZ91D magnesium alloy in sealed furnace with
protective atmosphere of N: containing 0. 01 % HF(C134a

NIE Shu-hong, XIONG Shou-mei
(Key Laboratory for Advanced M anufacturing by Materials Processing T echnology,
Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China)

Abstract The effects of holding temperature, stirring and furnace seal quality on the protection of AZ91D magne-
sium alloy were investigated in a sealed furnace filled once with N2 containing 0. 01% HFC134a ( volume fraction) be-
fore the experiments, the corrosion of the atmosphere to the inner wall of the furnace was analyzed. The morpholo-
gy, thickness, and composition of the surface films were also studied. The results show that HFC134a is suitable to
be the protective gas of magnesium alloys and N2 is a good carrier gas for HFC134a. Without surface agitation, the
highest protective temperature for AZ91D melt is 865 C; with surface agitation, the highest protective temperature
is 800 C, and the allowable pressure rising velocity in crucible can exceed 10 kPa/ min. T he morphology of all pro-
tective surface films reveals a compact cellular structure with an evenly distributed thickness of 1 =2 Hm, whereas
that of unprotective films reveals a wadding like structure with an uneven thickness. With the increase of the holding
temperature, the carbon content in surface films decreases to zero, and the oxygen content increases gradually. No

corrosion of the atmospheres to the inner wall of the furnace is found during the experiments.
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Fig. 1 Schematic diagram of test rig
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Table 1 Composition of AZ91D

magnesium alloy (mass fraction, %)

Mg Al Zn Mn

90. 12 8.7 0.86 0.29
S Fe Cu Ni

0.031 0. 001 0.000 5 0. 000 7
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Table 2 Effects of holding temperature and

stirring on protection of AZ91D

Content Protected effects :

Tempfiéature/ of HFC134a/ Specm/len

% No stirring Stirring massi g

760 0. 003 Protected Protected  162. 438

800 0.01 Protected Protected  141. 832
Littl

830 0.01 Protected e 145 976

evaporation
856 0.01 LlE et 166350
evaporation

Littl

856 0.5 Protected e 167,206

evaporation
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Fig.2 Micrograph of sample with

3 times local surface agitation at 800 C
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Fig. 3 Section and surface morphology and EDS spectra and composition ( mole fraction, %) of

AZ91D magnesium alloy surface held for 2 h at different temperatures
(a), (d), (g) =760 C; (b), (e), (h) =810 C; (¢), (f), (i) =856 C
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Table 3 Formation reaction equilibrium constant K., lgK+ and
AG of MgO, CO and CO: at different melting temperatures
T emperature/ lgK't AG/ (kJ * mol™ 1) K.
© Mgy CO(y COxg 0:(»)  MgO(s) €Oy  COxg)  MgO(y) €O  CO:xg)
627 - 2.579 11.109 22.965 0 - 504.255 - 191.408 - 395.680 7.00% 10*"  1.29x 10" 9.23x 10%
727 - 1.799 10.461 20.675 0 - 492.858 - 200.261 - 395.680 3.49x 1077  2.89x 10" 4,73 x 10%
827 - 1.176 9.927 18.801 0 — 481.285 - 209.056 - 395.918 1.07x 10*  8.45x 10° 6.32x 108
927 - 0.662 9.480 17.236 0 - 469.672 - 217.796 - 396.007 1.28x 10! 3.02x 10° 1.72x 10"
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Table 4 Effects of furnace seal quality on
protection of AZ91D

Increasing speed of

Temperature/ / Protecting
5 pressure
C (Ea mir 1) effects
760 1 Protected
760 100 Protected
800 10 Protected
830 10 Protected
845 10 Protected

W . Y4l s TF Z2k 1) 100 kPa/ min I, AZ91D
BRI W N 845 C, MAMAEN L FHE A 10 kPa/
min, AZ91D R MEARY .
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