
Supplementary material: Characterisation of precipitates in 

Mg-Sn alloys 

Peak-aged Mg-6Sn alloy 

Two types of Mg2Sn precipitate were found in the peak aged Mg-6Sn binary alloy. STEM-

HAADF images showing the microstructure of the peak aged Mg-6Sn are shown below in Figure 

1. The basal laths with long axis along the 〈112̅0〉𝑀𝑔 directions are named Type 1 precipitates 

while the basal laths with long axis along the 〈101̅0〉𝑀𝑔 directions are named Type 2 precipitates. 

Both precipitate types are marked with arrows. The peak aged binary alloy is dominated by lath-

shaped precipitates with a habit plane of (0001)𝑀𝑔 (basal plane). 

 

Figure 1 STEM-HAADF image showing the general microstructure of the peak aged Mg-6Sn 

binary alloy, (a) B ≈ [0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [112̅0]𝑀𝑔, 𝑔1 =

101̅0𝑀𝑔, 𝑔2 = 0002𝑀𝑔 

 

A STEM-HAADF image showing the exact morphology of a Type 1 precipitate can be found 

in Figure 2. Type 1 laths tend to have round tips and an aspect ratio normally around 10:1. A 

selected area diffraction pattern indicating the OR between the Type 1 precipitates and the Mg 

matrix is shown in  

Figure 3. As can be seen from the diffraction pattern, the OR between the Mg-matrix and the 

Type 1 precipitates is (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [001]𝑀𝑔2𝑆𝑛. This OR is equivalent to 

the OR1 first reported by Henes & Gerold and also in some other studies[1]–[3].  



 

Figure 2 STEM-HAADF image showing the morphology of  a Type 1 basal lath, (a) B ≈

[0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [112̅0]𝑀𝑔, 𝑔1 = 11̅00𝑀𝑔, 𝑔2 = 0002𝑀𝑔 

 

 

Figure 3 Selected area diffraction pattern determining the OR between a Type 1 precipitate and the 

Mg matrix. Reflections from the [0001]𝑀𝑔 zone axis are marked with yellow circles; reflections 

from the [110]𝑀𝑔2𝑆𝑛  zone axis are marked with red circles. The OR given by the diffraction 

pattern is (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [001]𝑀𝑔2𝑆𝑛. 

 

The morphology of the Type 2 precipitates is shown in a STEM-HAADF image in Figure 4. 

Compared with the Type 1 precipitates, the Type 2 precipitates tend to have a smaller aspect ratio, 

around 5:1. In addition, differently from the round tips of the Type 1 precipitates, Type 2 

precipitates exhibit three obvious facets which are marked by arrows in Figure 4(a). One of the 

facets is parallel to {112̅0}𝑀𝑔 (F1) while the other two facets are parallel to {101̅0}𝑀𝑔 (F2 and 

F3).  



 

Figure 4 STEM-HAADF image showing the morphology of a Type 2 basal lath, (a) B ≈

[0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [112̅0]𝑀𝑔, 𝑔1 = 11̅00𝑀𝑔, 𝑔2 = 0002𝑀𝑔 

A selected area diffraction pattern showing the OR between the Type 2 precipitates and the 

Mg- matrix can be found in Figure 5. As can be seen from the diffraction pattern, the OR between 

the Mg-matrix and the Type 2 precipitates is (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [21̅1̅0]𝑀𝑔 ∥ [11̅1]𝑀𝑔2𝑆𝑛. 

This OR is equivalent to the OR2 first reported by Henes & Gerold and also reported in some 

other studies[3]–[5].  

 

Figure 5 Selected area diffraction pattern defining the OR between the Type 2 precipitates and the 

Mg matrix. Reflections from the [0001]𝑀𝑔  zone axis are marked with yellow circles and 

reflections from the [110]𝑀𝑔2𝑆𝑛 zone axis are marked with red circles. A few forbidden reflections 

from the [110]𝑀𝑔2𝑆𝑛 zone axis are marked with blue circles. The OR given by the diffraction 

pattern is (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [21̅1̅0]𝑀𝑔 ∥ [11̅1]𝑀𝑔2𝑆𝑛 

Peak-aged Mg-6Sn-3Al alloy 

Four types of Mg2Sn precipitate were identified in the Mg-6Sn-3Al ternary alloy. STEM-



HAADF images showing the microstructure of the Mg-6Sn-3Al alloy are shown below in Figure 6, 

with a magnified image in Figure 7 showing the exact morphology of the precipitates. The 

addition of Al leads to there being only one type of basal lath in the alloy, which will be called 

Type 3, accompanied by additional basal plates, c-axis rods and pyramidal laths, labelled Type 4, 

Type 5 and Type 6 respectively.  

 

Figure 6 STEM-HAADF image showing the microstructure of the peak aged (72h) Mg-6Sn-3Al 

alloy, (a) B ≈ [0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔 , (b) B ≈ [11̅00]𝑀𝑔, 𝑔1 = 112̅0𝑀𝑔, 𝑔2 =

0002𝑀𝑔 

 

Figure 7 A higher magnification STEM-HAADF image of the peak aged Mg-6Sn-3Al alloy 

showing the different types of precipitates 

 

Type 3 basal Mg2Sn rods have their long axis parallel to the 〈112̅0〉𝑀𝑔  directions. A 

magnified image showing the exact morphology of a Type 3 precipitate can be found in Figure 8. 

Type 3 precipitates normally have a high aspect ratio, around 25:1. Some of the Type 3 

precipitates have their tips slightly faceted (as marked in Figure 8(a)). F1 is parallel to {112̅0}𝑀𝑔 



and F2 is parallel to {101̅0}𝑀𝑔). Most of them, however, tend to have round tips.  

 

 

Figure 8 STEM-HAADF image showing the exact morphology of the Type 3 Mg2Sn precipitates. 

(a) B ≈ [0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [11̅00]𝑀𝑔, 𝑔1 = 112̅0𝑀𝑔, 𝑔2 = 0002𝑀𝑔. 

 

A selected area diffraction pattern showing the OR between the Type 3 precipitates and the 

Mg-matrix appears in Figure 9. Therefore, the OR between the Mg-matrix and the Type 3 

precipitates can be determined as (0001)𝑀𝑔 ∥ (111)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [11̅0]𝑀𝑔2𝑆𝑛 . First 

determined by Henes & Gerold as OR4, this OR is one of the most commonly reported ORs 

between the Mg matrix and a Mg2Sn precipitate [2]–[4], [6]–[8].  

 

Figure 9 Selected area diffraction pattern defining the OR between the Type 3 precipitates and the 

Mg matrix. Reflections from the [0001]𝑀𝑔 zone axis are marked with yellow circles; forbidden 

reflections from the [110]𝑀𝑔2𝑆𝑛 zone axis are marked with blue circles. The OR defined by the 

diffraction pattern is (0001)𝑀𝑔 ∥ (111)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [11̅0]𝑀𝑔2𝑆𝑛 

 



The addition of Al also caused basal Mg2Sn plates to appear in the alloy. These plate-shaped 

precipitates inhabit the basal plane and will be called Type 4 basal plates. The morphology of this 

type of precipitate is illustrated in Figure 10. Type 4 basal plates are obviously faceted with their 3 

sets of facets parallel to {112̅0}𝑀𝑔, as marked in Figure 10.  

 

  

Figure 10 STEM-HAADF micrographs showing the morphology of the Type 4 basal plates, B ≈

[0001]𝑀𝑔, 𝑔1 = 112̅0𝑀𝑔, 𝑔2 = 12̅10𝑀𝑔 

A selected area diffraction pattern from a Type 4 basal plate is shown below in Figure 11. 

The diffraction pattern is identical to those from precipitate Type 3. The OR between the Type 4 

precipitates and the Mg matrix is (0001)𝑀𝑔 ∥ (111)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [11̅0]𝑀𝑔2𝑆𝑛, namely OR4.  

 

Figure 11 Selected area diffraction pattern from a Type 4 basal plate defining OR4. Reflections 

from the [0001]𝑀𝑔  zone axis are marked with yellow circles; forbidden reflections from the 

[110]𝑀𝑔2𝑆𝑛 zone axis are marked with blue circles. The OR given by the diffraction pattern is 

(0001)𝑀𝑔 ∥ (111)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [11̅0]𝑀𝑔2𝑆𝑛 

 



One type of c-axis Mg2Sn rod has also been found in the peak aged Mg-6Sn-3Al alloy. When 

observed from the [0001]𝑀𝑔 direction, these precipitates exhibit a triangular cross-section, with 

the three facets parallel to {112̅0}𝑀𝑔. The long axis is parallel to [0001]𝑀𝑔 when observed along 

[101̅0]𝑀𝑔. Therefore, this precipitate type is categorized as a Type 5 c-axis rod. A STEM-HAADF 

image showing its exact morphology appears in Figure 12.  

 

Figure 12 STEM-HAADF images showing the exact morphology of the Type 5 c-axis rods, (a) 

B ≈ [0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [11̅00]𝑀𝑔, 𝑔1 = 112̅0𝑀𝑔, 𝑔2 = 0002𝑀𝑔. 

 

A selected area diffraction pattern acquired from the precipitate is shown below in Figure 13. 

The OR between the Type 5 c-axis rods and the Mg matrix is (0001)𝑀𝑔 ∥

(111)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [11̅0]𝑀𝑔2𝑆𝑛 , i.e. OR4.  

 

Figure 13 Selected area diffraction pattern demonstrating the OR between the Type 5 c-axis rods 

and the Mg matrix. Reflections from the [0001]𝑀𝑔 zone axis are marked with yellow circles; 

forbidden reflections from the [110]𝑀𝑔2𝑆𝑛 zone axis are marked with blue circles. The OR given 

by the diffraction pattern is (0001)𝑀𝑔 ∥ (111)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [11̅0]𝑀𝑔2𝑆𝑛 



 

Pyramidal laths also were found in the Mg-6Sn-3Al alloy. These precipitates are categorised 

as Type 6 pyramidal laths. TEM tilting series confirmed that these precipitates have a first order 

pyramidal habit plane. An example of a tilting series for two pyramidal laths is shown below in 

Figure 14. An image was taken every 15° of α-tilt.  

 

Figure 14 Tilting series for two pyramidal laths (a) Diffraction pattern showing the near-[112̅0]𝑀𝑔 

beam direction at α~-15° tilt (b) α~-15°, both precipitates are edge-on. 𝐵 ≈ [112̅0]𝑀𝑔 and the g-

vector defining the habit plane is 11̅01𝑀𝑔 (c) α~0°, (d) α~15°, (e) α~30°; the long and short edges 

of the laths are marked in the figure. 

 

Thus, these particular precipitates lie on (11̅01)Mg. The OR for these pyramidal precipitates 

appears to be rather variable. For example, the diffraction patterns for P1 and P2 are shown below 

in Figure 15, where the reflections from Mg are marked yellow and those from Mg2Sn are marked 

red. For P1, the orientation relationship with the Mg-matrix is (112̅0)𝑀𝑔 ∥

(110)𝑀𝑔2𝑆𝑛, [11̅01]𝑀𝑔 ∥ [11̅3]𝑀𝑔2𝑆𝑛  and that for P2 is (112̅0)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [11̅01]𝑀𝑔 ∥

[11̅5]𝑀𝑔2𝑆𝑛. This variability, if it truly exists, is not currently understood. 

 

Figure 15 Diffraction patterns showing the OR between P1 (a), P2 (b) and the Mg-matrix. For P1, 

the OR given by the diffraction pattern is (112̅0)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [11̅01]𝑀𝑔 ∥ [11̅3]𝑀𝑔2𝑆𝑛, for 

P2, the OR given by the diffraction pattern is (112̅0)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [11̅01]𝑀𝑔 ∥ [11̅5]𝑀𝑔2𝑆𝑛.  

Some previous research also reported the habit planes of pyramidal Mg2Sn precipitates in Mg 

alloys. Sasaki et al. reported pyramidal laths with {112̅2}𝑀𝑔 habit planes and 〈101̅0〉𝑀𝑔 long axes, 



but without specifying the orientation relationship[9]. No other research either confirms or denies 

this.  

 

Peak-aged Mg-6Sn-3Zn alloy 

The morphology and crystallography of the precipitates in the ternary Mg-6Sn-3Zn alloy are 

different from those in the other two alloys. Except for the presence of Type 2 basal laths, 

prismatic Mg2Sn laths (Type 7) and c-axis MgZn2 rods are also found in the alloy. In addition, 

most of the MgZn2 rods and Type 2 basal laths are connected, forming a T-shaped morphology. A 

STEM-HAADF image showing the general microstructure of the peak aged Mg-6Sn-3Zn alloy 

appears in Figure 16, with all the precipitate types marked.  

 

 

Figure 16 STEM-HAADF images showing the general microstructure of the precipitates in the 

peak aged Mg-6Sn-3Zn alloy, (a) B ≈ [0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔 , (b) B ≈

[11̅00]𝑀𝑔, 𝑔1 = 112̅0𝑀𝑔, 𝑔2 = 0002𝑀𝑔. 

 

The Type 2 basal Mg2Sn laths observed in the Mg-6Sn-3Zn alloy are slightly different from 

those in the binary Mg-6Sn alloy. Similarly to the Type 2 basal laths found in the binary Mg-6Sn 

alloy, they have their long axis parallel to the 〈101̅0〉𝑀𝑔  directions and 3 facets parallel to 

{101̅0}𝑀𝑔. The difference is that most of the Type 2 basal laths are connected to a prismatic 

MgZn2 rod, which is a commonly reported phenomenon in the Mg-Sn-Zn alloys and is enlarged 

upon in the discussion in the main paper. STEM-HAADF images showing the exact morphology 

of the Type 2 basal lath are shown below in Figure 17, along with a magnified image (from Figure 

17(a)) in Figure 18 marking all the facets of a Type 2 precipitate.  

 



 

Figure 17 STEM-HAADF images showing the morphology of the Type 2 basal laths in the Mg-

6Sn-3Zn ternary alloy. (a) B ≈ [0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [112̅0]𝑀𝑔, 𝑔1 =

11̅00𝑀𝑔, 𝑔2 = 0002𝑀𝑔. Type 2 laths are marked with circles. The small bright dots in (a) are the 

narrow MgZn2 laths.  

 

 

Figure 18 Magnified image of a Type 2 basal lath showing its three {101̅0}𝑀𝑔  facets. B ≈

[0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔 

 

The Type 2 basal laths in the ternary Mg-6Sn-3Zn alloy exhibit the same OR as those in the 

binary alloy. A selected area diffraction pattern showing this appears in Figure 19. The OR 

between the Mg-matrix and the Type 2 basal laths in the Mg-6Sn-3Zn ternary alloy can be 

determined as (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [21̅1̅0]𝑀𝑔 ∥ [11̅1]𝑀𝑔2𝑆𝑛, namely OR2. 

 



 

Figure 19 Selected area diffraction pattern showing the OR between the Type 2 basal laths and the 

Mg-matrix. The OR defined by the diffraction pattern is (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [21̅1̅0]𝑀𝑔 ∥

[11̅1]𝑀𝑔2𝑆𝑛. 

 

The addition of Zn to the binary Mg-6Sn alloy resulted in a new type of prismatic Mg2Sn lath 

with its long axis parallel to the three 〈112̅0〉𝑀𝑔  directions. These precipitates are obviously 

narrower than the Type 2 basal laths and have an aspect ratio of ~8:1. They have relatively larger 

dimensions on the prismatic {112̅0}𝑀𝑔 planes than on the basal. Therefore, these precipitates are 

categorized as Type 7 prismatic laths. STEM-HAADF images showing the morphology of the 

Type 7 prismatic laths can be found below in Figure 20, with the Type 7 prismatic laths marked 

with circles. Another image with the Type 7 prismatic lath edge-on is shown in Figure 21. 

 

Figure 20 STEM-HAADF images showing the morphology of the Type 7 prismatic laths, (a) B ≈

[0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔, (b) B ≈ [112̅0]𝑀𝑔, 𝑔1 = 11̅00𝑀𝑔, 𝑔2 = 0002𝑀𝑔. 

 



 

Figure 21 STEM-BF image showing a Type 7 prismatic lath edge-on. B ≈ [112̅0]𝑀𝑔, 𝑔1 =

11̅00𝑀𝑔, 𝑔2 = 0002𝑀𝑔. A c-axis MgZn2 rod is marked with a rectangle, the precipitate below the 

rectangle is the Type 7 lath. 

 

For the selected area diffraction patterns shown below in Figure 22, the diffraction patterns 

from the Mg-matrix and the precipitate can be indexed as  [0001]𝑀𝑔 and [110]𝑀𝑔2𝑆𝑛 respectively 

with the OR being (0001)𝑀𝑔 ∥ (110)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [001]𝑀𝑔2𝑆𝑛 , which is OR1. The 

diffraction patterns taken from the Type 7 prismatic laths are therefore similar to those from the 

Type 1 basal laths. Shi and Zhang observed similar precipitation behaviour in a Mg-Sn-Zn-Mn 

alloy although the precipitate they reported is not perfectly parallel to the basal plane and the OR 

is also 0.39° deviated from OR1 and is named “near OR1” [10]. The precipitates reported in this 

work are exactly parallel to the basal plane and have the precise OR1 relationship.  

 

Figure 22 Selected area diffraction pattern indicating the OR between the Type 7 prismatic laths 

and the Mg-matrix. The OR given by the diffraction pattern is (0001)𝑀𝑔 ∥

(110)𝑀𝑔2𝑆𝑛, [112̅0]𝑀𝑔 ∥ [001]𝑀𝑔2𝑆𝑛.  



 

Differently from the Al which is homogeneously distributed in the Mg-6Sn-3Al ternary alloy, 

Zn tends to form its own MgZn2 precipitates in the Mg-6Sn-3Zn alloy. This phase has a HCP 

structure with the space group 𝑃63/𝑚𝑚𝑐 (a=0.525nm, c=0.845nm). There are two distinguishable 

types of MgZn2 precipitate in the alloy: prismatic MgZn2 wide rods and prismatic MgZn2 narrow 

rods. STEM-HAADF images showing the morphology of the MgZn2 precipitates are shown below 

in Figure 23. As can be seen from the images, the precipitates with long axis parallel to the 

[0001]𝑀𝑔 direction are brighter than the attached Mg2Sn precipitates, which suggests a higher 

average atomic mass. These prismatic precipitates are the MgZn2 rods.  

 

Figure 23 STEM-HAADF images showing the morphology of the MgZn2 precipitates, (a) B ≈

[0001]𝑀𝑔, 𝑔1 = 101̅0𝑀𝑔, 𝑔2 = 011̅0𝑀𝑔 , (b) B ≈ [112̅0]𝑀𝑔, 𝑔1 = 11̅00𝑀𝑔, 𝑔2 = 0002𝑀𝑔 . The 

small circles mark the narrow MgZn2 rods.  

 

A diffraction pattern showing the OR between the MgZn2 precipitates and the matrix can be 

found below in Figure 24, with the reflections from the Mg-matrix marked in yellow and those 

from the MgZn2 precipitate marked in red. The diffraction pattern from the Mg-matrix can be 

indexed as [112̅0]𝑀𝑔 while that from the MgZn2 precipitates can be indexed as [101̅0]𝑀𝑔𝑍𝑛2. The 

OR between the Mg-matrix and the MgZn2 precipitates can then be determined as (0001)𝑀𝑔 ∥

(112̅0)𝑀𝑔𝑍𝑛2, [112̅0]𝑀𝑔 ∥ [101̅0]𝑀𝑔𝑍𝑛2.  

 



 

Figure 24 Selected area diffraction pattern showing the OR between the MgZn2 precipitate and the 

Mg-matrix. The OR given by the diffraction pattern is [0001]𝑀𝑔 ∥ [112̅0]𝑀𝑔𝑍𝑛2 , [101̅0]𝑀𝑔 ∥

[0001]𝑀𝑔𝑍𝑛2 , [112̅0]𝑀𝑔 ∥ [101̅0]𝑀𝑔𝑍𝑛2 . 
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