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Characterization of the T'-Phase Interface in Al-Zn-Mg Alloy Along  
the <112> Zone Direction of Al-Matrix

In this study, we observed the T'-phase for the first time along the <112> zone axis of the Al matrix. The orientation rela-
tionship, shape, misfit value, and interfacial conditions between the T'-phase and the Al matrix were investigated using high-
resolution transmission electron microscopy (HR-TEM). The T'-phase exhibited a fine cubic morphology, and we clarified each 
facet by analyzing diffraction patterns and fast Fourier transform (FFT) images. Additionally, we identified the (11

–
1)Al //(001)T' ,  

(11
–
0)Al //(1

–
00)T' interface between the T'-phase and the Al matrix along the [1

–
1
–

2
–
]Al //[010]T' zone direction.
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Abbreviation

TEM: Transmission Electron Microscopy; HRTEM: High Resolution Transmission Electron Microscopy; IFFT: Inverse Fast 
Fourier Transform; FFT: Fast Fourier Transform; SAED: Selected Area Electron Diffraction.

1. Introduction

Wrought aluminum (Al) alloys are commonly used for 
radial compressor impellers in vehicle turbochargers due to their 
relatively high specific strength, which results in low inertia 
for the compressor wheel [1,2]. Previous research has explored 
various combinations of Zn and Mg additions. Based on the 
phase diagram, a high Zn/Mg ratio promotes the formation of 
the η phase, a balanced ratio leads to the coexistence of both 
T and η phases, and a low Zn/Mg ratio predominantly produces 
the T phase. In this study, a low Zn/Mg ratio was used. Earlier 
studies have shown that the η phase is the primary strengthen-
ing precipitate in 7xxx alloys with higher Zn/Mg ratios, while 
the T phase is more prevalent in alloys with lower Zn/Mg ratios 
[3-5]. The precipitation sequence of the T-phase is reported as 
follows [6,7]:

 SSSS → GP-zone → T''-phase(metastable) → 
 T'-phase (metastable) → T-phase (equilibrium)

The T' phase is often overlooked by researchers because it 
rarely appears as a strengthening phase in 7xxx series alloys and 
typically forms at high aging temperatures above 200°C [8,9] or 
under severely overaged conditions [10]. However, Yang [11] 
recently reported an Al-Zn-Mg alloy strengthened by T-type 
phases, which demonstrated superior strength and corrosion 
resistance compared to alloy 7150, which is hardened by η-type 
phases. Additionally, a novel heat-resistant Al-Zn-Mg alloy [9] 
was reported to achieve a high yield strength of approximately 
200 MPa at 200°C, attributed to numerous fine metastable 
T phases formed within the grain interiors. This suggests that 
T- type phases hold great potential for applications requiring 
enhanced corrosion resistance and thermal stability [9,11].
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The shape of precipitates is crucial in determining the misfit 
and interface with the matrix [12]. The interface between the 
precipitate and the matrix plays a significant role in influenc-
ing mechanical properties [13,14]. In other alloy systems, the 
interface is often modified to enhance the material’s strength 
[15,16]. Moreover, understanding the interface is essential for 
analyzing hydrogen trapping, which can lead to crack initiation 
and embrittlement of the material [17].

This study focuses on the T'-phase along the <112> zone 
axis of the Al matrix using transmission electron microscopy 
(TEM). We observed the fine cubic morphology of the T'-phase 
and clarified each facet by analyzing diffraction patterns and fast 
Fourier transform (FFT) images. Additionally, we examined the 
interface between the T'-phase and the Al matrix using high-
resolution TEM images.

2. Experimental procedure

In this experiment, 99.99% aluminum, 99.9% zinc, and 
99.9% magnesium ingots were used to produce the alloy, which 
was smelted at 720°C in an electric resistance furnace. Zinc and 
magnesium were added simultaneously, and the mixture was 
stirred thoroughly before degassing, refining, and casting in 
a metal mold at 400°C. The resulting alloy, designated ZM14, 
had a composition of Al-1.1 at.% Zn-4.3 at.% Mg with a Zn/Mg 
ratio of 0.255. After homogenization at 748 K for 86.4 ks, the 
ingots were hot-rolled to 10 mm and cold-rolled to 2.0 mm before 
solution heat treatment and aging. Samples for microstructure ob-
servation were cold-rolled to 0.2 mm, mechanically polished, and 
prepared for TEM observation through twin-jet polishing. TEM 
analysis was conducted using a Topcon EM-002B at 120 kV.

3. Results and discussion

To elucidate the microstructure of the ZM14 alloy aged at 
473 K for 2000 minutes, the conditions are shown in Fig. 1. The 

TEM bright-field image displays the precipitates within the α-Al 
matrix of the sample aged at 200°C for 2000 minutes (Fig. 1(a)). 
The selected area electron diffraction (SAED) pattern (Fig. 1(b)) 
indicates that the incident beam direction is along the <112> axis 
of the α-Al matrix. The diffraction spots from the precipitates, 
indicated by red arrows, suggest the presence of a metastable 
T'' (T') phase and a stable T-phase. The orientation relationships 
between the matrix and the T'', T', and T phases are the same 
[20,21]. More recently, it was reported that the T''-phase is coher-
ent, the T'-phase is semi-coherent, and the T-phase is incoherent 
[6]. Understanding the microstructure of these phases in low 
magnification images is complicated that the habit plane of the 
T-phase is {111} in the Al matrix, which includes four distinct 
directions ([010], [312], [31–2], and [310]) [22]. Along the <112> 
zone direction of the Al matrix, the corresponding diffraction 
pattern shows the 2/5 and 3/5 diffraction spots of the precipitate 
between 000Al and 220Al, identifying the T-phase morphology 
in the matrix [21], as shown in Fig. 1(b).

Fig. 1. (a) TEM bright-field image in ZM14 alloy after aging at 473K 
for 2000 min. (b) corresponding selected area diffraction pattern along 
<112>Al zone direction, red arrow shows the T(T',T'') phase diffrac-
tion spots

Along the [1–1–2–] zone direction of the Al matrix, which is 
parallel to the [010] zone direction of the T' phase [21] (Fig. 2), 

Fig. 2. (a) Magnified TEM bright-field image <112> in ZM14 alloy after aging at 473K for 2000 min, (b) HRTEM image of the T' interface taken 
by the red dotted rectangle area in (a), (c) inverse FFT image taken by the red dotted rectangle area in (a) is [112–]Al // [010]T' || (11–0)Al //(1

–00)T'
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the morphology of the precipitate exhibits a complete cubic 
shape. Two facets of the T'-phase align with the {111} facets of 
the Al matrix. The planes (11–1)Al //(001)T' and (11–0)Al //(1

–00)T’ 
are parallel (Fig. 2(a)). The high-resolution transmission electron 
microscopy (HRTEM) image (Fig. 2(b)), taken from the (11–0)Al//
(1–00)T' facet, highlights the red rectangle area in Fig. 2(a).

The FFT image obtained from the red rectangle area 
(Fig. 2(b)) shows that the diffraction spot of 11–1Al is parallel to 
001T', as illustrated in Fig. 2(b). The IFFT image clearly indicates 
[1–1–2–]Al//[010]T' and (11–0)Al //(1

–00)T', as shown in Fig. 2(c). The 
Al matrix spot along the [1–1–2–] zone direction is denoted by the 
red closed circle, while the dark T' lattice spots along the [010] 
zone direction are marked by the yellow open circles (Fig. 2(c)). 
The d-spacing between the dark spots in the precipitate area iden-
tifies the lattice spacing of the T' phase as 1.422 nm. The interface 
between the T' phase and the Al matrix is semi-coherent [6], as 
determined by selecting the 111Al diffraction spots in the FFT 
image (Fig. 2(b)), as illustrated in Fig. 2(c). A previous report 
has identified the lattice parameter of 1.422 nm as corresponding 
to the T-phase [23]. The orientation of the T' phase with respect 
to the Al matrix is:

 [1–1–2–]Al //[010]T'

 (11–1)Al //(001)T' [21],

 (11–0)Al //(1
–00)T'

Fig. 3 shows the schematic orientation relationship between 
the T'-phase and the Al matrix. Fig. 3(a) presents a 3D sche-
matic model of the T'-phase and the Al matrix, while Fig. 3(b) 
illustrates a 2D model that depicts the same orientation observed 
in Fig. 2(a). We calculated the misfit between T'-phase and  
Al-matrix. By using the Eq. (1) [24].
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Here, δ(%) represents the misfit value, m and n are integer mul-
tiples of the lattice constant, d{h2k2l2}p lattice constant of the 

precipitate phase, and d{h1k1l1}Al lattice constant of the matrix 
phase. The misfit between the T'-phase and the Al matrix is 
1.26%, with n = 6 (6×d{111}Al = 0.234 nm ) and m = 1 (1×d{100}T' 
= 1.422 nm). According to previous research, hydrogen atoms do 
not trap within the crystal structure of the β-phase [16]. However, 
there is a possibility of trapping at the semi-coherent interface 
due to mismatched intervals [23], which leads to hydrogen trap-
ping at the interface. 

4. Conclusions

This study successfully elucidated the microstructural 
characteristics of the ZM14 alloy, specifically focusing on the 
T'-phase and its orientation relationship with the Al matrix. High-
resolution transmission electron microscopy (HRTEM) revealed 
that the T'-phase exhibits a complete cubic morphology aligned 
along the [1–1–2–] zone direction of the Al matrix, demonstrating 
the precise orientation relationships with the Al matrix facets. 
These findings contribute to the understanding of the effects of 
microstructural evolution on the alloy’s mechanical properties 
and hydrogen trapping behavior, paving the way for the design 
of advanced aluminum alloys with improved performance 
characteristics.
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Fig. 3. Schematic model and detailed orientation relation between T'-phase and Al-matrix according to the Fig. 2(a)
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