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Abstract: An alternating temperature heat treatment (ATHT) method with time-saving and resource-saving advantages 
was employed to measure the quenching sensitivity temperature range of the spray-deposited 7055 aluminum alloy 
based on hardness and electrical conductivity. Additionally, the microstructure evolution during ATHT was 
characterized by transmission electron microscopy (TEM). It was found that during ATHT of the 7055 alloy, the solute 
atoms precipitated, grew, and redissolved as the temperature increased. When the temperature reached 200 °C, the 
hardness of the alloy increased sharply, and the electrical conductivity increased modestly. As the temperature was 
increased above 400 °C, the electrical conductivity of this alloy declined rapidly and the solute atoms in the alloy 
redissolved quickly. Meanwhile, the η' strengthening phase in the alloy gradually evolved into the η equilibrium phase. 
By analyzing the hardness and electrical conductivity curves, the temperature range of quenching sensitivity for the 
current alloy was 200−400 °C, which was consistent with the results measured by the traditional graded heat 
preservation method. 
Key words: aluminum alloy; alternating temperature heat treatment; quenching sensitivity temperature range; 
microstructure evolution 
                                                                                                             

 

 

1 Introduction 
 

As a classical structural material, 7055 
aluminum alloy materials have been widely used in 
aerospace, transportation, and other fields due to 
their combined excellent thermal conductivity, 
corrosion resistance, weldability, and high specific 
strength [1−3]. Currently, research on 7055 
aluminum alloy mainly focused on heat treatment 
processes [4,5], thermal deformation behavior [6,7], 
corrosion resistance [8,9], welding performance 
[10,11], and quenching sensitivity [12,13]. As a 

heat-treatable strengthening alloy, solution heat 
treatment, quenching, and aging are indispensable 
processes for obtaining structures with excellent 
mechanical properties [14]. Quenching sensitivity is 
an important factor that determines the properties  
of alloys during heat treatment. Therefore, 
determining the quenching sensitivity temperature 
range is extremely important for designing heat 
treatment parameters and obtaining the best 
performance of the alloy.  

The quenching sensitivity of aluminum alloys 
has been widely studied based on the interrupted 
quenching method [15] and end-quench test [16]. 
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In addition, analyzing time−temperature 
transformation (TTT) and time−temperature− 
property (TTP) curves during isothermal treatment 
is practical method for characterizing quenching 
sensitivity [17−20]. However, these methods required 
complicated and tedious processes. Moreover, they 
produced a substantial burden and required 
additional time for industrial production. In this 
work, we introduced a time-saving and resource- 
saving scheme to obtain the temperature range of 
quenching sensitivity. 

In this work, we developed a short routine that 
utilized a low-energy-consumption homogenizing 
process. To obtain the temperature range of 
quenching sensitivity, this routine relied on a novel 
alternating temperature heat treatment (ATHT) 
method, which did not interrupt the quenching 
process. According to the new ATHT method, we 
determined the critical temperature region of the 
quenching sensitivity for the 7055 aluminum alloy. 
The microstructure evolution and corresponding 
mechanism in the 7055 aluminum alloy after ATHT 
were also illustrated. 

 
2 Experimental 
 
2.1 Material 

The 7055 aluminum alloy used in this work 
was melted via the spray-deposition method 
(SFZD−5000, Jiangsu Haoran Inc., Zhenjiang, 
China). The key parameters used in the spray 
deposition of the AlZnMgCu alloy were as follows: 
pouring temperature of 780−950 °C, atomization   
gas rate of 20−35 m3/min, metal flow fate of 
8−55 kg/min, gas-to-metal ratio of (0.5−2):1, 
atomization gas pressure of 0.5−1 MPa, spray angle 
of 25°−35°, deposition distance of 150−290 mm, 
and the substrate rotation rate of 100−200 r/min. 
After spray deposition, the ~20 mm-thick surface 
layer was mechanically removed. The nominal 
composition of the 7055 aluminum alloy is listed in 
Table 1. Specifically, the content of elemental Zn 
was 8.31 wt.%, and the total content of Zn, Mg, 
 
Table 1 Composition of spray-deposited 7055 aluminum 

alloys (wt.%) 

Al Zn Mg Cu Zr Fe Si 

Bal. 8.31 2.07 2.46 0.12 0.078 0.056

and Cu in the alloy was more than 12.8 wt.%. 
Meanwhile, the ratio of Zn/Mg, which would affect 
quenching sensitivity, was 4.015:1. The Fe and Si 
impurities were effectively controlled and their sum 
was less than 0.14 wt.%. 
 
2.2 Methods 

First, the specimens were cut from the billet 
and subjected to solid solution treatment at 470 °C 
for 60 min. Afterward, they were quenched 
instantly in water within 2 s. Then, multiple 
specimens (usually 25−27) were placed in an 
electric furnace at room temperature (25 °C) and 
heated up at a rate of 10 °C/min to different target 
temperatures (25 °C, 60 °C, 80−460 °C with step 
intervals of 20 °C, and 470 °C). Afterward, all    
of the specimens were quenched instantly in water 
to maintain their microstructure at elevated 
temperatures. Finally, the specimens were subjected 
to subsequent hardness and electrical conductivity 
tests. Figure 1 shows the schematic diagram of the 
ATHT process. 
 

 
Fig. 1 Schematic diagram of ATHT process 

 
Hardness measurements were conducted with 

an HV−5 hardness testing machine (Laizhou 
Huayin Testing Instrument Co., Ltd., Laizhou, 
China), with a load of 2 kg for 15 s. In this work, 
five independent measurements were carried out 
and the hardness was averaged by five data points. 
Microstructure observations were carried out on a 
TECNAI G2 F20 transmission electron microscope 
(FEI Company, Hillsboro, OR, USA) at an 
operation voltage of 200 kV. To improve 
experimental accuracy, at least three samples were 
tested under the same heat treatment conditions. 
The electrical conductivity tests were performed on 
a D60K digital metal conductivity testing apparatus 
with a measurement accuracy of about ±1%. 
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3 Results 
 
3.1 Hardness curve and electrical conductivity 

curve 
The hardness and electrical conductivity 

curves of the as-quenched 7055 aluminum alloy 
after the ATHT process are shown in Figs. 2 and 3, 
respectively. 
 

 

Fig. 2 Hardness curve of spray-deposited 7055 

aluminum alloy during ATHT 

 

 

Fig. 3 Electrical conductivity curve of spray-deposited 

7055 aluminum alloy during ATHT 

 
As illustrated in Fig. 2, the hardness of this 

alloy was about HV 140 at room temperature, and it 
increased gradually during the initial stage. When 
the temperature was increased to 200 °C, the 
hardness increased gradually from HV 140 to 150. 
When the temperature exceeded 200 °C, the 
hardness increased rapidly to HV 167 at 210 °C. 
Then, it increased continuously with temperature 

and reached HV 203 at 310 °C. Afterward, the 
hardness started to decline with further increase in 
temperature up to 400 °C. Between 400 and 460 °C, 
the hardness was stable. When the samples were 
heated to the solution temperature (470 °C), the 
hardness of the quenched sample increased again 
and the value reached HV 119, which was HV 13 
greater than the value at 460 °C. 

As shown in Fig. 3, the electrical conductivity 
of the current alloy was stable at ~25.0% (ICAS) of 
the initial stage (below 160 °C). Subsequently, the 
electrical conductivity increased with increasing 
temperature and the value reached 26.7% (ICAS) at 
220 °C. When the temperature was increased to 
360 °C, the electrical conductivity reached a peak 
value of 40.3% (ICAS). Beyond 400 °C, the 
electrical conductivity started to drop rapidly until 
the end of the ATHT process. Thus, the electrical 
conductivity was 30.8% (ICAS) at 470 °C. 
 
3.2 Microstructure evolution 

The samples annealed at 60, 200, 310 and 
470 °C were selected for transmission electron 
microscopy (TEM) characterization, which could 
characterize the microstructure evolution during  
the ATHT process. The corresponding results are 
shown in Figs. 4−7. 

As shown in Fig. 4, except for Al3Zr, no other 
 

 
Fig. 4 TEM images of spray-deposited 7055 aluminum 

alloy after ATHT at 60 °C: (a) Inside grains; (b) On grain 

boundary 
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obvious second-phase particles were discovered 
inside the grains and on the grain boundaries. When 
the temperature was increased to 200 °C, no extra 
second phase was observed, and only Al3Zr 
particles were observed inside the grains, as shown 
in Fig. 5(a). However, particles with a length of 
~10 nm precipitated along the grain boundaries, as 
clearly observed in Fig. 5(b). Figure 5(c) shows the 
selected diffraction spot (SADP) corresponding to 
the center of Fig. 5(a), indicating that the Al3Zr 
particles were formed along the [110]Al 
crystallographic orientation. 

Figure 6 shows the TEM images of the spray- 
deposited 7055 aluminum alloy after ATHT at 
310 °C, and Fig. 6(c) shows the selected diffraction 
spot corresponding to the central region of Fig. 6(a). 
It was observed that the η' phase, η phase, and Al3Zr 
 

 
Fig. 5 TEM images of spray-deposited 7055 aluminum 

alloy after ATHT at 200 °C: (a) Inside grains; (b) On 

grain boundaries; (c) SADP patterns of different 

precipitations along [110] Al 

particles precipitated in this alloy when the 
temperature was increased to 310 °C. As shown in 
Fig. 6(a), the η and η' phases were dispersedly 
distributed inside the grains. Figure 6(b) 
demonstrates that the second phase along the grain 
boundary grew to a size of 50−100 nm at 310 °C, 
which was larger than that at 200 °C. This   
proved that the η' phase was the predominant 
strengthening precipitate of the 7055 aluminum 
alloy, which led to significant improvements in  
the properties of the 7055 aluminum alloy. When 
the temperature was increased to 470 °C, a rod- 
shaped η phase, with 50 nm × 100 nm in size, was 
apparently found in the alloy, as shown in Fig. 7(a). 
In addition, many particles along the grain 
boundary accumulated in an area of 30 nm × 
(30−50) nm × 50 nm in size. 
 

 

Fig. 6 TEM images of spray-deposited 7055 aluminum 

alloy after ATHT at 310 °C: (a) Inside grains; (b) On 

grain boundaries; (c) SADP patterns of different 

precipitations along [110] Al 
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Fig. 7 TEM images of spray-deposited 7055 aluminum 

alloy after ATHT at 470 °C: (a) Inside grains; (b) On 

grain boundaries 

 

4 Discussion 
 
4.1 Performance variations 

The spray-deposited 7055 aluminum alloy was 
an aging strengthening alloy that would evolve to a 
uniform single-phase supersaturated solid solution 
after solid solution treatment at 470 °C for 1 h. 
However, this state was unstable as the atom solutes 
in the matrix easily precipitated, forming a GP 
region or second phase. Therefore, during ATHT, 
the solute atoms in the homogeneous single-phase 
supersaturated solid solution had a tendency to 
precipitate. This has been investigated by previous 
studies, which showed that the temperature could 
significantly affect the rate of this process [21]. 

When the temperature was below 200 °C, the 
hardness of the alloy was improved slightly. The 
hardness of the alloy in this study, which was 
treated at 180 °C, was about HV 10 larger than that 
of the alloy treated at room temperature. At room 
temperature, the driving force was too small to 
trigger the precipitation of solute atoms from the 
supersaturated solid solution. In this condition, the 
precipitation of solute atoms in the matrix and   
the nucleation of second-phase particles were 
constrained, resulting in relatively unchanged 
electrical conductivity in this temperature range. 

When the temperature was increased to above 
200 °C, a sufficient driving force was achieved, 
allowing the solute atoms to precipitate. As a result, 
the supersaturated solid solution started to 
decompose and a strengthened phase was formed, 
which resulted in the rapid increase in hardness 
with temperature. Meanwhile, as precipitation 
progressed, the alloy matrix was purified, which 
weakened the scattering of electrons; thus, the 
electrical conductivity of the alloy started to 
increase. 

As the temperature was increased to above 
310 °C, the η' phase, one of the main strengthening 
phases of 7055 aluminum alloy, was found inside 
the grains, as presented in Fig. 6(a). This led to a 
further increase in hardness. However, with further 
increase in temperature, the precipitation rate of the 
atom solutes increased, resulting in an increased 
electrical conductivity slope compared to that at 
low temperatures. 

With a continuous increase in temperature up 
to 360 °C, the electrical conductivity of this alloy 
reached its highest value with a small plateau. 
Above 400 °C, the electrical conductivity started to 
decline quickly, which indicated that the 
precipitated solute atoms began to redissolve into 
the matrix at high temperatures. Correspondingly, 
the hardness of the alloy decreased to HV 134. By 
increasing the temperature and prolonging the heat 
treatment time, the η' phase in the alloy evolved 
into the η phase. However, due to the incoherent 
relationship between the η phase and the matrix, the 
strengthening effect was weaker than that of the η' 
phase (semi-coherent with the matrix), resulting in 
a gradual decrease in hardness. 

In addition, as presented in Figs. 2 and 3, when 
the temperature was above 400 °C, the precipitates 
started to redissolve into the matrix, resulting in a 
reduction in electrical conductivity. Between 400 
and 460 °C, the solute atoms redissolved into the 
matrix, which induced solid solution strengthening. 
However, the solution strengthening effect was 
offset by the decrease in strength caused by the 
evolution from η' to η phases. However, the effect 
of solid solution strengthening was limited, as it 
could not completely compensate for the decrease 
in strength caused by phase transformation. As a 
result, the hardness declined continuously between 
400 and 460 °C. 

At 460 °C, the hardness of the alloy was as 
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low as HV 106, indicating that the strengthening 
effect of the η phase was weaker compared with the 
solid solution. When the temperature was increased 
to 470 °C, the strength of the alloy started to 
increase again due to the solid solution effect. At 
470 °C, the extreme fine strengthening precipitates 
were almost redissolved in the matrix, as shown in 
Fig. 7. In this case, solid solution strengthening 
provided a positive effect for improving hardness, 
resulting in a reverse increase in hardness at 
470 °C. 
 
4.2 Evolution of precipitation 

Precipitation strengthening was the dominant 
strengthening mechanism in the 7055 aluminum 
alloy. During ATHT, the commonly accepted 
precipitation sequence in 7055 aluminum alloys 
follows supersaturated solid solution (SSSS) → 
atom clusters → GP regions → η' precipitates → η 
precipitates [22,23]. During the ATHT process, the 
solute atoms precipitated, grew, and redissolved as 
the temperature was increased. It has been well 
documented that the stability of the supersaturated 
solid solution, the morphology, and the types of 
dispersoids and grain structures are three main 
factors that influence quenching sensitivity [24−26]. 
During the initial stage of ATHT, no other 
second-phase particles appeared in the matrix, 
except for Al3Zr particles. These particles could 
efficiently inhibit the recrystallization process and 
refine the grain structure [27]. 

When the temperature was increased to 200 °C, 
the atom solutes in the supersaturated solid solution 
started to precipitate quickly from the matrix. The 
grain boundary, with high interfacial energy and 
strong nucleation tendency, would act as an 
effective site for quench-induced precipitation. As a 
result, the η' phase, which had a length of 10 nm, 
continuously precipitated and was distributed on  
the grain boundaries. When the temperature was 
increased to 310 °C, a considerable amount of 
short-rod-shaped η phase was formed both on the 
grain boundaries and inside the grains, as shown in 
Fig. 6. As the temperature continued to increase, 
more η phases gradually precipitated. At the same 
time, the η phase continued to absorb Mg and Zn 
atoms in the matrix, resulting in a significant 
decline in the concentration of solute atoms and 
vacancies. 

As shown in Fig. 2, we found that the hardness 

of the alloy increased sharply when the temperature 
reached 200 °C, indicating that the solute atoms in 
the matrix precipitated rapidly. Therefore, a 
temperature of 200 °C was considered the initial 
temperature of quenching sensitivity. As the 
temperature was increased to 310 °C, numerous 
extremely fine precipitates were observed (Fig. 6), 
and the hardness reached its peak value (Fig. 2). 
Afterward, the hardness started to decrease rapidly. 
In addition, when the temperature was increased to 
400 °C, the electrical conductivity of the alloy 
declined rapidly from its peak value, and the solute 
atoms in the alloy quickly dissolved back to the 
matrix. 

During the heat treatment process, quenching 
is necessary to achieve a supersaturated solid 
solution at room temperature. However, when the 
solid solution treated specimen is exposed to higher 
temperatures, the supersaturated solid solution will 
decompose and precipitate. Thus, the driving force 
of precipitation is mainly controlled by the degree 
of supersaturation and the diffusion rate of the 
solute atoms. At low temperatures, the degree of 
supersaturation will be very large but the diffusion 
rate of solute atoms will be low. However, the 
situation reverses at high temperatures. When the 
specimens are treated to suitable temperature ranges 
and maintained for a sufficiently long time, the 
degree of supersaturation and the diffusion rate of 
the solute atoms will both be relatively large, 
facilitating the decomposition of the supersaturated 
solid and precipitation of the second phase. In this 
situation, the driving force of precipitation would 
be reduced during the subsequent aging process, 
which will also reduce the number of precipitations. 
As a result, a critical temperature should be 
observed, beyond which the decomposition of 
solute atoms will accelerate, resulting in the 
precipitation of strengthening phase. Below the 
critical temperature, the precipitation of solute 
atoms will be inhibited, and the amount of 
precipitation will be constant even if the alloy is 
held at this temperature for a long time. The 
variations in hardness can be regarded as an 
indication of changes in precipitation behavior. 
Based on the above analysis, the starting point for 
the rapid decrease in hardness was considered as the 
critical temperature (200 °C) and could be treated 
as the lower limit of the quenching sensitivity 
temperature range. 
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With an increase in temperature, the degree of 
supersaturation was very small but the diffusion 
rate of the solute atoms was extremely high, which 
led to the dissolution of solute atoms into the matrix. 
The precipitation of the second phase was inhibited 
and the driving force for subsequent precipitation 
during aging did not decrease, even when the 
specimen was held at this temperature for a long 
time. Thus, it was reasonable to conclude that there 
should be another critical temperature, beyond 
which the redissolution of the solute atoms would 
occupy the dominant position, while below which 
the precipitation of solute atoms played a 
predominant role. The variations in electrical 
conductivity were treated as a sign of changes in 
solute atom behaviors. When the redissolution of 
solute atoms was apparent, electrical conductivity 
would decrease accordingly. As a result, the starting 
point for the rapid decrease in electrical 
conductivity was considered to be the critical 
temperature (400 °C) for the upper limit of the 
quenching sensitivity temperature range. Based on 
analysis of the hardness and electrical conductivity 
curves, it was concluded that the quenching 
sensitivity temperature range of the investigated 
alloy was 200−400 °C. 
 
4.3 Obtaining quenching sensitivity temperature 

range by interrupt quenching method 
Step 1: Preparing the reference group. The 

specimens that were cut from the billet were 
subjected to solid solution treatment at 470 °C for 
60 min, and then quenched instantly in water within 
2 s. Afterward, the samples were subjected to 
artificial aging at 120 °C for 24 h. In this case, the 
hardness was defined as a reference value, which is 
denoted as A. The schematic diagram showing how 
to obtain quenching sensitive temperature region 
via interrupted quenching method is shown in Fig. 8. 

Step 2: Designing the holding temperature 
region. In general, the maximum holding 
temperature would not exceed the solution 
temperature, and the minimum temperature would 
not be lower than the aging temperature. Typically, 
30 °C is set as the interval temperature to ensure 
accurate results and reduce the workload. The 
solution temperature of the 7055 aluminum alloy is 
in the range of 450−475 °C; therefore, the upper 
limit temperature is usually set to be 445 °C. The 
aging temperature of the 7055 aluminum alloy 

varied from 120−160 °C (usually, 120 °C is set as 
the single aging temperature and 160 °C is set as 
the double aging temperature). Therefore, the 
holding temperature was designated as 175−445 °C 
with an interval of 30 °C, and the holding time 
generally ranged from 1 to 1800 s (usually set to 1, 
5, 10, 15, 30, 40, 60, 120, 180, 300, 600, 900, 1200, 
1500, and 1800 s). 
 

 

Fig. 8 Schematic diagram showing how to obtain 

quenching sensitive temperature region via interrupted 

quenching method 
 

Step 3: Preparing the quenching samples. The 
samples were prepared according to the holding 
temperature and time in Step 2. The process of 
sample preparation was as follows (holding 
temperature was 445 °C). First, 15 groups of 
samples were solid solution treated at 470 °C   
with 1 h in a salt bath furnace. Then, they were 
transferred quickly (transfer time was less than 2 s) 
to another salt bath furnace at 445 °C for isothermal 
treatment. After holding for 1 s, the first group of 
samples was removed and immediately water 
quenched (dropped into a room temperature bucket 
for cooling). After holding for 5 s, the second group 
was also removed and water quenched. The same 
procedure was repeated for the next specimen 
groups according to the process in Step 2 until the 
last group of samples had a holding time of 1800 s. 
The samples at the other temperatures were treated 
according to the same method, and at least 150 
samples were used to obtain a sufficient number of 
results. 

Step 4: Artificial aging treatment of the 
quenched samples. The 150 sample group obtained 
in Step 3 was treated with artificial aging. All of the 
samples were placed in a glycerin bath and held at 
120 °C for 24 h. After heat-treated preservation, the 
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samples were water quenched at room temperature, 
followed by hardness measurements. 

Step 5: Drawing of the hardness curves. 
Drawing the hardness curve was conducted 
according to the hardness data obtained in Step 4. 
Using the curve for the sample at 445 °C as an 
example, the holding time after the solution was 
obtained was set as the horizontal axis, and the 
hardness values after aging at 120 °C for 24 h were 
set as the vertical axis to plot the hardness curve, as 
shown in Fig. 9(a). 

 

 

Fig. 9 Hardness value curves with various holding 

temperatures and holding time after solid solution (a), 

and hardness value curve at 325°C with different holding 

time (b) [12] 

 
Step 6: Setting the property degradation 

coefficient and calculating the corresponding 
transfer time. Usually, the degrading coefficient is 
set as the ratio between quenching performance  
and reference value A. The degradation coefficient 
can be determined based on actual needs, for 
example, 90%. After determining the coefficient,  
the corresponding transfer time was calculated 
according to each curve, as demonstrated by the 

hardness curve at 325 °C in Fig. 9(b). When the 
hardness reached 90% of reference value A, the 
transfer time was denoted as B325, where the 
subscript denotes the temperature. The value of B at 
other temperatures was calculated according to the 
same methods. Specifically, some values may be 
infinite, indicating that no matter how long the 
sample was maintained at that temperature, the final 
hardness would not drop below 90% of A. 

Step 7: Drawing the C Curve for quenching 
sensitivity and obtaining the high quenching 
sensitivity region. In the C Curve, as shown in 
Fig. 10, the holding time was set as the horizontal 
axis, and the holding temperature was set as     
the vertical axis. As shown in Fig. 10, when the 
transfer time was 10 s, the quenching sensitivity 
temperature range of the alloy was 200−400 °C. 
 

 
Fig. 10 C Curve for quenching sensitivity 

 

The traditional method requires many steps, 
numerous test data, the drawing of complex curves, 
and a huge workload. However, the quenching 
sensitivity temperature range of the 7XXX 
aluminum alloy was changed with composition. As 
a result, this method has limited applications due to 
its complexity. 

By contrast, the method for obtaining the 
quenching sensitivity temperature range introduced 
in this work showed both time-saving and 
resource-saving advantages. The obtained results 
using the current method were consistent with the 
results from the traditional interrupted quenching 
method. This method may also be applicable to 
other heat-treatable aluminum alloys. 
 
5 Conclusions 
 

(1) The main strengthening phase η' was 
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formed quickly inside the grains at temperatures 
between 210 and 310 °C. As the temperature was 
increased, the η' phase evolved into the η phase, 
which resulted in the decrease of the strength. 

(2) The solute atoms in the homogeneous 
single-phase supersaturated solid solution could 
slowly precipitate at 200 °C, and the precipitation 
rate increased with temperature until 400 °C, at 
which the electrical conductivity reached its peak 
value. Above 400 °C, the solute atoms started to 
redissolve and the electrical conductivity declined. 

(3) According to the new ATHT method, the 
quenching sensitivity temperature range for the 
current alloy was determined to be 200−400 °C, 
which was consistent with the results measured by 
the traditional graded heat preservation method. 
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摘  要：采用一种省时、节约资源的变温热处理(ATHT)新方法，基于硬度与电导率，获得喷射沉积 7055 铝合金

的淬火敏感温度区间。此外，通过透射电子显微镜(TEM)表征 ATHT 期间的显微组织演变。 研究表明，7055 合

金的 ATHT 是一个溶质原子随着温度的升高而析出和再溶解的过程。当温度达到 200 ℃时，合金的硬度急剧增加，

电导率适当增加。随着温度升高到 400 ℃以上，电导率从峰值迅速下降，表明溶质原子回溶加速，同时，在基体

内 η'强化相逐渐转变成 η 平衡相。通过对硬度曲线和电导率曲线的分析，得出当前合金淬火敏感性温度范围为

200~400 ℃，这与传统分级保温法测得的结果一致。 

关键词：铝合金；变温热处理；淬火敏感温度区间；显微组织演变 
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