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Abstract: Evolution of microstructure including texture and fractography in a friction-stir welded (FSW) AZ31 magnesium alloy 
was investigated. The texture was measured using a neutron diffractometer. The microstructure and fractography of stress corrosion 
cracking (SCC) samples were observed by optical and scanning electron microscopy, respectively. An X-ray diffraction study was 
carried out on the fractured surfaces of the SCC specimens. The results indicated that a strong basal fiber was formed on the base 
material, whereas the grains in the stir zone were reoriented with their most basal planes tilted 25º to the welding direction. 
Feather-like twins and hydride formed under slow strain rate tensile (SSRT) stress in air and aggressive solutions, respectively. 
Transgranular cracks propagated and finally failed on the retreating side in the solution. The hydride phase confirmed to sit on the 
fracture surface demonstrated the delayed hydride cracking (DHC) mechanism of the alloy. 
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1 Introduction 
 

Mg alloys are prime candidates for use in the 
transportation and aerospace industries due to their 
lightness and high specific strength. Consequently, 
welding and joining procedures for integrated 
components using these materials will be required [1−3]. 
Conventional fusion welding methods such as electron 
beam and inert gas arc welding have been shown to 
produce porosities in welded Mg alloys [4]. These 
deteriorate the mechanical properties of the joint. 
Friction stir welding, however, easily provides 
defect-free welds with fine grain structure and minimized 
distortion [3−5]. Like all welding processes, however, 
friction stir welding does cause a change in the original 
microstructure as a consequence of mechanical 
deformation and thermal cycling during the joining 
process. 

Microstructural evolution including dynamically 
re-crystallized, equiaxed grains with a high density of 
dislocations has been shown to occur in the weld nugget 
of a FSW AZ31 alloy [6]. Further investigations [7−10] 
on FSW magnesium alloys, such as AZ31B, AZ61, 

AM60 and ZK60 as well as Mg−2.0Na−0.3Zn−1.0Zr, 
reveal a micro-texture change from the base material 
(BM) to the stir zone (SZ) with results dependent upon 
processing parameters applied. WOO et al [11] suggested 
that shear plastic flow during friction stir processing 
caused approximately 90° rotation of the basal plane near 
the processing zone, so that its normal is parallel to the 
transverse direction (TD) in the transition zone (TZ) of 
the joint. Nevertheless, dynamic recrystallization in the 
SZ gives rise to a new texture, in which the basal plane is 
roughly normal to the rotating pin surface [6]. Moreover, 
XIE et al [2] claimed that the relatively weak basal 
texture occurred in the nugget zone on the TD compared 
with the BM and the basal planes were around the pin. 
However, ZHANG et al [10] found that (0002) basal 
planes of Mg tend to be arranged parallel to the plate 
surface on the top and bottom surfaces of the SZ. No 
obvious texture had evolved and (0002) basal planes 
distributed randomly in the cross section of the SZ. This 
conjecture makes clear that further investigation is 
required if the nature of texture formation in FSW Mg 
alloys is to be fully understood. 

The texture of the magnesium alloy can be 
influenced as a result of severe plastic deformation [12], 
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where alloying elements [13], annealing processing [14] 
and plastic processing [13,15] all play their parts. It has 
been reported that the texture of magnesium alloys has a 
significant influence on the mechanical properties after 
equal channel angular processing (ECAP) [16], FSW [6] 
and friction-stir processing (FSP) [11]. However, the 
influence of texture on the stress corrosion behavior of 
FSW magnesium alloys remains unclear [17]. 

The AZ31 alloy is one of the most popular wrought 
magnesium alloys, and usually supplied as sheet 
materials with small thickness. The processing 
technology and mechanical properties of this type of 
magnesium alloy has been extensively investigated 
[10,12].  

Since the in-service Mg components of automobiles 
are inevitably subjected to load or stress, fatigue failure 
and stress corrosion cracking may occur. Thus, it is of 
significant scientific and practical interest to study the 
mechanism of fatigue failure and stress corrosion 
cracking (SCC) of magnesium alloys [18,19]. Our 
previous study [20,21] demonstrated that the fatigue 
failure of as-extruded AZ alloys is influenced by the 
microstructural factors (i.e., grain size, intermetallic 
compounds), loading factors and environmental factors. 
LUO et al [22] observed that fatigue failure occurred at 
the stir zone of the FSW AZ31 sheet joints, and cracks 
initiated at the stir zone outer edge.  

Also, Mg alloys are susceptible to SCC in chloride- 
containing solutions and some even in distilled     
water [18,23]. A considerable amount of work has been 
done on the SCC behavior of AZ series alloys [24−26]. 
KANNAN and DIETZEL [27] demonstrated that pitting 
corrosion facilitated hydrogen into AZ80 alloy and 
caused hydrogen embrittlement. RAJA and PADEKAR 
[28] investigated the interrelation among chlorides− 
pitting−hydrogen evolution and hydrogen embrittlement. 
ARGADE et al [29] found that higher SCC susceptibility 
of friction stir processed ultrafine grained AZ31 is 
attributed to increased hydrogen adsorption and 
favorable basal texture. It is generally accepted that the 
mechanism for transgranular SCC (TGSCC) of Mg 
alloys is a form of hydrogen embrittlement (HE) [19]. 
The HE models [23,30−33] include hydrogen enhanced 
decohesion (HEDE), hydrogen enhanced localized 
plasticity (HELP), adsorption-induced dislocation 
emission (AIDE), and delayed hydride cracking (DHC). 
WINZER et al [32] proposed a model of the DHC 
mechanism for transgranular stress corrosion cracking of 
magnesium alloys using a finite element script developed 
in MATLAB. The mechanism for SCC initiation in AZ31 
remains unknown [23].  

SRINIVASAN et al [34] claimed that the stress 
corrosion cracks originate in the weld metal and 
propagate through the weld metal-HAZ regions in the 

autogenous weldment. To date, no direct proofs have 
been reported to support the DHC mechanism of Mg 
alloys.  

The motivation of the present study is to clarify the 
texture modification in the weld of FSW-AZ31 as 
influenced by slow strain rate tensile (SSRT) testing in 
air and corrosive solutions, and to have a further insight 
into the DHC mechanism of this alloy 
 
2 Experimental  
 
2.1 Materials 

The materials used were AZ31 alloy sheets with a 
plate thickness of 1.9 mm. Friction stir welding was 
performed on Helmholtz−Zentrum Geesthacht in 
Germany, using a Tricept TR805 Robot. Figure 1 shows 
a schematic diagram of the friction stir weldment and the 
positions for texture measurement. 
 

 
Fig. 1 Schematic diagram of friction stir welding and texture 
analysis points 
 
2.2 Microstructure examination 

Weld joints were sectioned and prepared using 
standard metallographic procedures. The specimens were 
etched in a solution containing 3.5 g picric acid, 6.5 mL 
acetic acid, 20 mL water and 100 mL ethanol. The 
microstructures of the FSW-AZ31 materials were 
examined with a Leica optical microscope. The grain 
size was measured using a linear intercept method 
according to ASTM E122−88. The average grain size 
was estimated by counting the number if grains 
intercepted by five straight lines are sufficiently long 
enough to yield at least 50 intercepts. 
 
2.3 Texture measurement 

Pieces with sizes of 10 mm×10 mm were cut from 
the center of the weld seam and the parent metal. Three 
pieces were then stacked to form a single sample. Here 
three complete pole figures: (0002), )0110( and 

)1110(  were measured with a neutron diffractometer 
STRESS-SPEC (Garching, Germany); and the neutron 
beam diffraction direction was parallel to the extrusion or 
weld seam direction (LD in Fig. 1), the definition of the 
coordinate system. The texture evolution of the BM and 
FSW sample interrupted during the SSRT test in ASTM 
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D1384 solutions (containing 148 mg/L Na2SO4, 165 
mg/L NaCl and 138 mg/L NaHCO3)  were conducted 
using an XRD instrument (Riguta D/max-RC) with a Cu 
Kα1 (λ=0.15406 nm) source operated at 35 V and 20 mA. 
 
2.4 SCC tests 

The slow strain rate tensile (SSRT) test method was 
used to evaluate the SCC susceptibility of the FSW AZ31 
alloys. Gauge dimensions for flat tensile specimens 
measured were 24 mm×6 mm×1.8 mm. With regard to 
FSW tensile samples, the weld region was located at the 
middle of the gauge section. These samples were ground 
with SiC paper up to 2400 grit, and were then cleaned 
with acetone prior to testing. The samples were tested in 
ASTM D1384 solutions at strain rates of 10−7 s−1 and 
10−8 s−1. In air the strain rate was 2×10−6 s−1. SCC 
susceptibility was then evaluated for mechanical 
properties such as elongation to failure (εf), reduction in 
area (RA) and ultimate tensile strength (UTS), measured 
in air or solution.  
 
2.5 Surface observation and chemical analysis 

The samples after the SSRT were taken out, and 
washed in water, then were observed with an optical 
microscope. The fracture surfaces were discerned with a 
scanning electron microscope (SEM, JSM−6460LV).  

And the chemical compounds of the BM and FSW 
samples, interrupted during the SSRT test in ASTM 
D1384 solution at a strain rate of 10−7 s−1, were probed 
with an X-ray diffractometer (XRD, BDX3300 type). 
 
3 Results  
 
3.1 Susceptibility of SCC 

Figure 2 shows the stress–strain curves of the FSW 
AZ31 samples obtained from the SSRT tests in air and 
the corrosive solution, respectively. The FSW samples 
demonstrated drastic loss in ductility, including 
elongation to failure (εf) and reduction in area (RA), and 
ultimate tensile strength (UTS) in the corrosive 
environment (Table 1). In addition, the more significant 
decrease in strength with a lower strain rate implies that 
the FSW AZ31 is sensitive to SCC in the solution. It was 
also reported that similar loss in ductility and strength 
levels in FSW AZ31B and AZ61 alloys occurs [6,11]. It 
is noting that strain rate, ε& , has a remarkable impact  
on the SCC sensitivity of the alloy due to the different 
periods exposed to the solution. 

 

 
Fig. 2 Stress–strain curves of FSW AZ31 Mg samples obtained 
from SSRT tests in air or in ASTM D1384 solutions 
 
Table 1 Mechanical properties obtained from SSRT tests in 
corrosive environment and its corresponding value in air 

Condition ε& /s−1 εf/% RA/% UTS/MPa 

Air 10−6 6.75 26.29 168.8 

10−7 0.68 1.02 69.22 
ASTM solution 

10−8 0.44 0.56 64.68 

 
3.2 Microstructural evolution 
3.2.1 Microstructure of FSW AZ31 

Figure 3 shows the cross-sectional view of the FSW 
AZ31 sample. The solid-state nature of the friction stir 
welding process results in a highly characteristic 
microstructure. The BM has a coarse microstructure  
(Fig. 4(a)), while the microstructure in the SZ of AZ31 is 
characterized by fine equiaxed grains (9.75 μm) and 
AlMn intermetallic compounds, which appear as black 
dots in Fig. 4(b). Our prior study [35] designated that the 
AlMn intermetallic compounds extensively existed in 
extruded AZ31 alloy. The marks of SZ in Fig. 3 and  
Fig. 4(c) designate the deformation twins caused by the 
spin friction. These twins go through dozens of grains, 
and seem to have roughly same orientation direction. 

The microstructures of BM, TMAZ and SZ feature 
equiaxed grains (Fig. 4), with grain size increasing in the 
following order: SZ (9.75 μm)<TMAZ (9.89 μm)<BM 
(12.0 μm). More twins randomly occurred in numerous 
orientation directions in TMAZ due to the 
thermo-mechanical effect (Fig. 4(b)) of the friction stir 
welding process. 

 

 
Fig. 3 Cross-sectional view of FSW AZ31 sample 
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Fig. 4 Optical micrographs of FSW-AZ31 alloy: (a) BM; (b) 
TMAZ; (c) SZ 

 
It is clear that the microstructure in SZ is 

characterized by the fine and equiaxed grains. This is 
attributed to dynamic recrystallization brought about by 
intense plastic deformation and thermal cycling during 
friction stir welding. 
3.2.2 Microstructure after SSRT in air 

In comparison to the microstructure in BM     
(Fig. 5(a)), a significant change in the microstructure 
appeared after SSRT test in either air or solutions. The 
microstructure after SSRT test in air demonstrates 
coarsened twins in the presence of feathers and 
secondary twins developed in the TMAZ (Fig. 5(b)) and 
SZ (Fig. 5(c)). Particularly, more and more grains tend to 
be parallel to the tensile direction. This is ascribed to 
grain rotation resulting from the tensile stress such that  

 

 
Fig. 5 SEM images for feather-like twins of BM (a), TMAZ (b) 
and SZ (c) after SSRT test in air 
 
more grains have a favorable orientation for twinning. 
Preferred orientation is developed when the lattice of 
individual grains in polycrystalline material reorients 
themselves during plastic deformation. In the twinning 
grains, twinning was ignited such that a considerable 
amount of twins coalesced to form a colony of twins in 
the shape of feathers. 
3.2.3 Microstructure after SSRT in solutions 

A distinct evolution in the microstructure after the 
SSRT test in solutions is the occurrence of MgH2 hydride 
precipitation in TMAZ, as shown in Fig. 6. It was 
proposed that the hydride may form during SCC [30]. 
Compared with the microstructure in Fig. 6(a), the 
hydride is apparently distributed along the rolling 
direction in the BM and shear plastically deformed flow.  
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It may be ascribed to the dense dislocations which trap 
high concentrations of hydrogen atoms in the TMAZ and 
SZ, and thus led to the formation of hydrides. Figure 6(c) 
reveals that transgranular cracks initiate and propagate 
along some crystallographic planes such as (0002) basal 
plane. This analogous phenomenon is also discerned 
during fatigue testing of magnesium alloys [36]. 
 

 
Fig. 6 SEM images of BM (a), TMAZ (b) and SZ (c) after 
SSRT test in ASTM D1384 solution 
 
3.3 Texture after friction stir welding 

Figure 7 shows the (0002) and )0110(  measured 
complete pole figures of the AZ31 alloy before and after 
the friction stir welding, respectively. The base material 
is homogeneous and exhibits a basal fiber with the (0002) 
planes in most grains parallel to the longitudinal 
direction (LD) or welding direction (WD), which is a 
typical texture of hot-rolled Mg alloys. While the basal 
planes in most grains in the welding region tilted 

approximately 25° to the LD or WD on the retreating 
side, resulting from the shear plastic flow during FSW. 

The degree of the tilting angle of (0001) basal plane 
to the WD is different from the results from PARK et al 
[6] and WOO et al [11,12]. PARK et al [6] found that the 
(0001) plane of the FSW AZ61 alloy is roughly 
perpendicular to the WD in the weld center, and tilted 
about 45° from the TD in the fracture region on the 
tensile sample. WOO et al [12] found that the basal plane 
normal is mainly parallel to the normal direction (ND) at 
BM/ HAZ, mostly parallel to the TD near the TZ and not 
parallel to either ND or TD in the SZ. These texture 
variations for the various materials are likely the results 
of the original BM texture, processing parameters, tool 
design and relative heat losses. 
 
3.4 Texture after SSRT test 

The XRD patterns of the BM and FSW after the 
SSRT test in the solution, as shown in Fig. 8, indicate 
that the BM is predominantly composed of α-Mg, with a 
trace of MgO and MgH2. The basal plane (0002) of α-Mg 
phases is the major direction of the texture, and with 
other crystallographic planes including (1010) and 
(1012), etc. The MgO originally came from the corrosion 
product Mg(OH)2. The formation of hydride MgH2 was 
attributed to the tensile stress and the evolved hydrogen 
reacted with magnesium during corrosion, and penetrated 
into the defect sites such as dislocations and twin 
boundaries. Amorphous compound MgCO3·Mg(OH)2· 
3H2O was also found.  

The chemical reactions occurred as follows: 
Anodic reaction: 

 
Mg=Mg2++2e                               (1) 

 
Cathodic reaction: 

 
2H2O+2e=2OH−+H2↑                         (2) 
 

Total reaction:  
 
Mg+2H2O=Mg(OH)2+H2↑                     (3) 
 

In ASTM D1384 solution, alkaline carbonate 
formed on the SCC sample surfaces. 
 
2Mg2++CO3+2OH−+3H2O=MgCO3·Mg(OH)2·3H2O (4) 
 

This demonstrates that basal plane (0002) prefers to 
re-orientate in the tension direction as a result of the 
SSRT test. Moreover, it implies that MgH2 plays a 
significant role in SCC of friction stir welded AZ31 
alloy. 
 
3.5 Fractography 

Figure 9 depicts the macrographs of the sample just 
before it fully fractured in ASTM D1384 solution at a 
strain rate of 10−7s−1. Crack arrest was found in the  
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Fig. 7 Measured complete (0002) and )0110(  pole figures of AZ31 alloy before and after FSW (counter level =1.0×, 2.0×…) 
 

 

Fig. 8 XRD patterns of BM and FSW sample interrupted 
during SSRT test in ASTM D1384 solution at strain rate of 
10−7s−1 

 
samples. Interestingly, the macrographs reveal the 
multi-cracking of the samples on the retreating side and 
along the centre of the weld metals. This could be related 
to the deformation of twinned grains and their 
reorientation. This result is different from what AFRIN et 

al [7] observed where the friction stir welded joints failed 
mostly at the boundary between the weld nugget and 
TMAZ on the advancing side, while being tensile tested. 
The failure of the tensile samples suggested a 45° shear 
fracture. The failure in the TMAZ could be explained by 
the grain growth and the presence of oxides on the 
fracture surface.  

Moreover, similar crack arrest was observed on the 
sample at a strain rate of 10−8s−1, as shown in Figs. 10(a) 
and (b). The SCC cracks may nucleate on twinning 
planes such as (10 12) (0112)− and (1011) (1012)−  [34] 
(Fig. 10(c)). 

Figures 11(a) and (b) designate the lower 
magnification SEM images of a pair of SCC fracture 
samples in the ASTM solution at the strain rate of   
10−7 s−1. The fracture surfaces of the exposed FSW-AZ31 
specimen exhibit fluted structures with macroscopically 
flat areas, cleavage-like facets and secondary cracks, 
showing a characteristics of brittle rupture in the coolant 
solution (Figs. 11(c) and (d)). The distance between 
consecutive flutes was several macrons and there were 
no interconnecting ligaments. The areas were generally 
parallel and oriented towards the direction tilted roughly  
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Fig. 9 SCC macro-cracks of AZ31 sample in ASTM D1384 solution at strain rate of 10−7s−1 

 

 

Fig. 10 Macrograph of SCC sample at strain rate of 10−8s−1 (SCC cracks nucleated at the twinning planes) 
 

 

Fig. 11 Lower magnification SEM images (a, b) of SCC fractured samples in air at strain rate of 10−6s−1 (a) and in ASTM solution at 
strain rate of 10−7s−1 (b), and higher magnification images (c, d) of (a) and (b), respectively 
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30° to the WD. This angle is very close to the 25° tilt 
angle between the basal plane and TD, measured via 
neutron diffraction for the texture in SZ.  Similar result 
was observed on Zr−2.5%Nb pressure tube during SCC 
testing, a change in the orientation of the α-zirconium 
grains, mainly by twinning on the }2110{  planes [37]. 
 
4 Discussion 
 

When the specimen is loaded in uniaxial tension, 
the critical resolved shear stress on any given plane is 
determined by  
 

λϕστ coscossc =                            (5) 
 
where σs is yielding strength, φ is the angle between the 
plane normal and the applied stress, and λ is the angle 
between the slip direction and the applied stress. 

The Schmid factor, m=cosφ·cosλ, is defined as the 
ratio of the resolved shear stress to the axial stress. For 
magnesium alloy, the slip plane is the basal plane (0002) 
at room temperature. Based on the analysis of neutron 
diffraction, m for the dominant texture in the FSW AZ31 
alloy is listed in Table 2. The dominant m is zero for the 
base materials and 0.38 for the SZ, respectively. Yielding 
occurs by dislocation slip when the resolved shear stress 
on one of the planes exceeds a critical value, τc. 
 
Table 2 Dominant texture of BM and SZ of FSW 

Material Texture Schmid factor (m) 

BM 〈0002〉//ND 0 

SZ 〈0002〉∧ND, TD 0.38 

 
Since the yielding strength of the FSW AZ31 alloy 

is 82.9 MPa, then at the texture tilted 25° of (0001) basal 
plane to the welding direction, 
 

MPa 8.31sc ==≥ mσττ                       (6) 
 

Equation (6) indicates that slip appears on the basal 
plane (0002) in the FSW AZ31 sample as the tension 
stress is not less than 31.8 MPa.  

It is well-known [36] that the dominant deformation 
mechanisms in magnesium are basal slip, secondary 
(prismatic and pyramidal) slip, and )2110( tension 
twinning and )1110(  compression twinning. ZENG  
et al [36] claimed that basal slip occurred first at a stress 
~0.5 MPa, followed by tension twinning and secondary 
slip. Therefore, in this case, )2110(  tension twinning is 
the other particularly important cause of crack nucleation 
in coarse-grained magnesium alloys.  

The secondary cracks on the fracture surface of the 
FSW sample (Fig. 10) are indicative of hydrogen 
embrittlement failure of the material. Our previous 
results [17] showed a higher uniform and pitting 

corrosion resistance for the SZ compared with the base 
material. It was reported that the SZ usually exhibits 
higher dislocation density than the base material [6]. This 
high dislocation density in SZ can accelerate the 
hydrogen embrittlement susceptibility of AZ31 Mg 
alloys [16]. However, based on the microstructural 
observation on the sample after SSRT tests, it is mostly 
like that the DHC could be a reason for the higher SCC 
susceptibility of the FSW AZ31 Mg samples.  

Magnesium hydride can be formed by the following 
three electrochemical cathodic reactions [33]: 
 
Mg2++H2+2e=MgH2                          (7) 
 
Mg2++2H++4e=MgH2                         (8) 
 
Mg+2H++2e=MgH2                          (9) 
 

In electrodynamics, MgH2 is not a stable compound 
and could be easily decomposed. 
 
MgH2=Mg2++H2+2e                         (10) 
 

MgH2 was observed according to the results of 
XRD in Fig. 8. Also, it has been demonstrated that the 
magnesium hydride (MgH2) formed in the cathodic 
region and decomposed in the anodic region [33]. 

DHC has been proposed as the mechanism for 
TGSCC of Mg alloys [30−32]. DHC involves repeated 
stages of: 1) stress-assisted diffusion of H to the region 
ahead of the crack tip; 2) hydride precipitation as the 
local H concentration exceeding the local solvus; and   
3) brittle fracture through the hydride.  

It was reported that lower stress rates would result 
in higher H-activity at the crack tip [32]. This manifests 
crack propagation along cleavage planes (i.e., )2110(  
twinning plane), grain boundaries or particle-matrix 
interfaces. The cleavage fracture surfaces observed in 
AZ91 alloy in 5 g/L NaCl solution were characteristics 
of stress-induced hydride formation, which involves 
stress-directed diffusion of H towards the crack tip, 
resulting in repeated formation and fracture of insoluble 
brittle hydrides [31]. MELETIS and HOCHMAN [38] 
claimed that the presence of cleavage in pure magnesium 
indicates the reduction in the surface energy of {2203} 
planes by hydrogen embrittlement resulting from 
preferential hydrogen accumulation or hydride formation 
on these planes [19]. Similarly, the DHC mechanism is 
also the SCC mechanism for Zr−2.5%Nb alloy [37]. The 
metals, including Mg and Zr, are prone to form hydrides 
[39]. The fracture proceeds by hydride formation in the 
stress concentrated region at the crack tip, cracking of 
the hydride, crack arrest (see Figs. 9 and 10) at the 
hydride−matrix interface and a cyclic repetition of the 
above events [40]. Therefore, DHC is the SCC 
mechanism of the FSW AZ31 alloy.  
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5 Conclusions 
 

1) The microstructure of the FSW AZ31 alloy 
features equiaxed grains, with grain size increasing in the 
following order: SZ (9.75 μm)<TMAZ (9.89 μm)<TZ 
(12.0 μm). The microstructure after SSRT test in air 
demonstrates coarsened feather-like twins and secondary 
twins developed in the TMAZ and SZ due to grain 
rotation resulting from the tensile stress, such that more 
grains have a favorable orientation for twinning.  

2) The base material is homogeneous and has a fiber 
texture with the (0001) plane perpendicular to the ND, 
whereas the basal planes in the welding region are tilted 
at approximately 25° to the longitudinal direction or 
welding direction on the retreating side, due to the shear 
plastic flow during FSW.  

3) Feather-like twins and hydride form under slow 
strain rate tensile stress in air and aggressive solutions. 
The re-orientation of basal plane (0002) during SSRT 
tests leads to multi-crack initiation of the FSW samples 
on the retreating side along the centre of the weld metals. 
Delayed hydride cracking might be the major reason for 
the higher SCC susceptibility of the FSW AZ31 Mg 
samples to the solution compared with the base material. 
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AZ31 镁合金摩擦搅拌焊在慢拉伸应力腐蚀过程中的 
组织演化和氢致延迟开裂 
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摘  要：研究 AZ31 镁合金摩擦搅拌焊组织的演化，包括织构和断口变化。利用中子衍射仪测量织构。利用光学

显微镜和扫描电子显微镜观察应力腐蚀开裂(SCC)样品的金相及断口形貌。利用 X 射线衍射仪研究 SCC 样品的断

口表面结构。结果表明，在母材表面形成了明显的基面织构。然而，搅拌区晶粒发生了基面旋转，大多数晶粒的

基面沿着焊接方向倾斜 25°。在慢拉伸应力作用下，在空气和侵蚀性溶液中分别形成了羽毛状孪晶和氢化物。在

溶液中，穿晶裂纹扩展，最终断裂在回转侧。在断口表面存在的氢化物表明镁合金应力腐蚀可能存在氢致延迟开

裂机制。 

关键词：镁合金；应力腐蚀开裂；摩擦搅拌焊；织构；显微组织 
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