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Table 1 Actual chemical composition of ZM6 alloy (Wt%)

Nd Zn Zr Mg

2.4 0.6 0.5 Bal.
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Fig.1 Fluorescence inspection results of ZM6 casting: (a) top of the

slot and (b) connecting rib
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Fig.2 Morphologies of linear defects on ZM6 casting surface: (a) crack-like defects and (b) cluster-like defects
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Table 2 EDS results at point 1 marked in Fig.2b (wt%)

Nd Zn Zr o Mg

13.11 0.31 1.42 15.45 Bal.
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Fig.3 Cross-sectional morphology of crack-like linear defects and the surrounding broken oxide film in ZM6 casting (a) and EDS mappings of

broken oxide film (b)
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Fig.4 High-magnification morphology of double oxide film structure of fluorescent line defect (a) and corresponding EDS element mappings (b)
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Fig. 5 Fracture morphologies of ZM6 fluorescent defect sample: (a) left fracture surface; (b) right fracture surface and enlarged morphology of

the boundary between oxide film and matrix
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3 2.98 0.62 0.54 - Bal.

2Mg + 0, = 2MgO (AGY,s.c =-983.02kJ/mol) (1)
%Nd+02=%Nd203(AG3450C=—1013.40 kJ/mol) (2)

TE I 4 2 TH] TG 2 Bl K 2 MgO Al /b & Nd, 0, 21 B
IR EEMNE XA FE B S R ), I A 1L
W) AT B E B BE(AG) i 3E . BT Mg 1 Pilling-

Bedworth AR T 1€0.81), TR AL JZ R AR BT . E2H
BB MR Nd 5 MO 2 )R AR R

Nd + %MgO = %Ndzo3 + éMg

2
(AGY =-26.85 kJ/mol)
RN R A AE I A R AE T AR A B e e
AR AR IS N2 FE AR v S ) (R SEEBRiE BE . AEBLA 2R AF
N A A R RE R AT A LR AR R

a3/2
AG, = AGY + RTIn—% 4

ONd
o, AG, N T AT H RS AGS N S B b v 75 A1 1T H
BE» R VPR AT HL, TR > ay, I Mg HITE L, oy
Nd FIE S

3

6 ZM6 SRR I A B 2 1 20 Hr
Fig.6 Surface analysis of the oxide film of ZM6 linear defect: (a) low-magnification morphology; (b) CLSM three-dimensional morphology;

(c) high-magnification morphology; (d) SEM image and corresponding EDS element mappings
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Fig.7 XRD pattern of oxide film of ZM6 linear defect
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Fig.8 Schematic diagram of structural evolution of oxide film of ZM6 linear defect
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Fig.9 Simulation results of solidification process of ZM6 casting: (a—c) flow velocity field; (d) distribution of oxide concentration
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Formation Mechanism of Fluorescent Linear Defects in ZM6 Mg-RE Alloy Castings

Wang Xiaoming', Song Zhi*’, Zhang Lunyong>’, Han Yonghua', Kang Hongyan', Shen Hongxian™’, Qiu Ziao™’,
Cai Zenghui', Han Chaowei', Zhao Yinhu*, Cao Fuyang™’, Sun Jianfei*’
(1. AECC Harbin Dongan Engine Co., Ltd, Harbin 150060, China)
(2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)
(3. Key Laboratory of Precision Hot Forming, Harbin Institute of Technology, Harbin 150001, China)
(4. Inner Mongolia First Machinery Group Co., Ltd, Baotou 014032, China)

Abstract: Rare-earth magnesium alloys, as a new type of high-strength lightweight structural material, have become increasingly widespread in
the aerospace industry. However, issues related to casting defects have grown more prominent. Fluorescent linear defects are a typical defect
found in this class of alloys. Nevertheless, their formation mechanism remains unclear, and there is a notable lack of precise control methods to
mitigate them. This study systematically characterized the composition, morphology, and microstructure of fluorescent linear defects in a sand-
cast low-pressure ZM6 (Mg-Nd-Zr) alloy casing component, and revealed the defect evolution mechanism through numerical simulations of the
filling flow field. The results show that fluorescent defects are formed by multi-scale and multi-morphology double-layer oxide films. Meanwhile,
the oxide film in ZM6 consists of porous MgO as the matrix, containing Nd,O, particles. This film exhibits poor toughness and is prone to
fragmentation, resulting in the formation of small-sized oxide inclusions around the oxide film. Combined with the analysis of the casting
structure and filling flow field, it is found that the convergence and backflow of the melt during the filling process cause the oxide film on the melt
surface to fold and be incorporated, thereby generating double-layer oxide film that can be displayed by fluorescent inspection.

Key words: ZM6 casing parts; fluorescent defects; oxide films; filling flow fields; low-pressure casting
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