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Abstract: GH4169 alloys are important end component materials for aerospace engines. When serving in a high-temperature
and oxygen-rich environment, metal combustion is prone to occur, resulting in catastrophic accidents. On the basis of the
self-developed experimental equipment for the oxygen-enriched combustion of metal materials, the flame retardancy and
combustion behavior of the GH4169 alloy prepared by selective laser melting were studied, which is highly important for
its use at high temperatures. The microstructure of the as-built GH4169 alloy shows a typical fish-scale morphology. The
grain texture is oriented mainly in the <001> direction and generates columnar crystals that grow across multiple molten
pools. The precipitated phase is mainly the island-chain Laves phase, which precipitates at the grain boundaries and
interdendrites. The combustion results show that the burning pressure threshold of SLM-GH4169 is approximately 3.7 MPa
under 99.5% pure O, ignition at room temperature, which is equivalent to the flame retardancy of the forged GH4169 alloy.
The analysis of the morphology of the combustion zone revealed that Al, Ti, Nb and other elements are flammable, and
many of these elements participate in combustion to form oxides. Ni does not burn easily and is enriched in the melting
zone. Many holes are observed in the heat-affected zone, which are caused by the melting of the Laves phase.
Because the Laves phase is rich in high-combustion calorific value elements such as Nb and Ti and has a low melting
point, it will preferentially melt compared with the matrix and participate in burning during combustion, which is very
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unfavourable to the flame retardancy of the alloy. Therefore, to improve the flame retardant properties of the alloy, it is

necessary to improve the laser selective melting process and formulate a reasonable heat treatment system to eliminate the

Laves phase.
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Tab.1 Chemical composition of the processed GH4169 powder and heat of combustion of metal elements

Element Ni Cr Nb Mo Ti Al C Fe
Mass fraction/% 53.00 19.50 5.10 3.05 0.90 0.50 0.05 Bal.
Heat of combustion/(g-cal™) 980 2 600 2 480 1870 4550 7 460 - 1560

1 & @RI & IR PE I 72 . () & B AL 1% 5 (b~1) SLM-GH4169 & 4 7£ 9250 5k &y 5 MPa B i #A b i 72
Fig.1 Experimental setup in the PIC test chamber and combustion process: (a) experimental setup in the PIC test chamber;
(b~1) high-speed camera images of the combustion process of SLM-GH4169 alloy in the 5 MPa PIC test
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Fig.2 Microstructures of SLM-GH4169 alloys: (a) metallurgical morphology; (b) grain orientation; (c, d) dendrite morphology and
Laves phase
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Fig.3 The combustion results of SLM-GH4169 at various pressures: (a) average burning length; (b) average burning rate
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Fig.4 Cross-sectional microstructures of the combustion zone in SLM-GH4169 alloy after combustion at 5 MPa: (a) macroscopic
morphology after combustion; (b) heat affected zone; (c) transition region; (d) fusion zone and combustion front

5 SLM-GH4169 & 47 5 MPa ks 5 45 1k X i 2L (¥ BRIP40 Ak 4 1 EDS JC % 4310+ (a, b) BB E L% ;(c) EDS JTHE 710
Fig.5 Typical spherical oxide and EDS element distribution in the melting zone of SLM-GH4169 alloy after 5 MPa combustion:
(a, b) spherical oxide; (¢) EDS element distribution
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Fig.6 Linear distribution of elements from the heat affected zone to the melting zone of the SLM-GH4169 alloy after combustion at
5 MPa: (a) combustion zone; (b, ¢) linear distribution of alloying elements

7 SLM-GH4169 & 41 5 MPa i T ¥R %8 J5 I8 e X Ik iy i 48 Ak 1) XE i & EDS J6 % 53 < (a) KA B AT ity S L) 5
(b~1) EDS JC& 4 fii
Fig.7 Morphology and EDS element distribution in the oxide zone of the combustion front for the SLM-GH4169 alloy after
combustion at 5 MPa: (a) combustion front oxide; (b~i) EDS element distribution

O Oxygen atom @ Metal oxide @ Melting Laves < Laves melting holes
8 SLM-GH4169 15 @A heid F 7R 2 18] (o — I AL X B oy — R DE T Y S AL 0 DX R JEE | T — ORI | T— A BR T T IR L
Ti— i PE DR BE) - (a) HABETT IR 5 (b) EALP W9 2R W AIZ 3y 5 (o) AR I
Fig.8 Schematics of the combustion process of SLM-GH4169 alloy (x;-thickness of the melting zone, x,-thickness of the oxide zone,
T'- flame temperature, T>-combustion front temperature, 7;-transition zone temperature): (a) combustion start; (b) generation and
movement of oxides; (¢) combustion stop
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