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Abstract

Shape Memory Alloys (SMA) is a material that can return to its original shape after undergoing
mechanical deformation. The most commonly SMA material used is the Ni-Ti alloy. However, it
is high cost. So that it is necessary to have alternative materials, for instance Cu-Zn-Al. Several
studies related to Cu-Zn-Al Shape Memory Alloys have poor mechanical properties. So there
further research required in order to determine the heat treatment process of Cu-Zn-Al Shape
Memory Alloys. In this study Cu-21Zn-5Al alloys were given heat treatment with annealing
temperature variations (425;550;600°C) and cooling media (brine, dry ice). Annealing process
affects the mechanical properties and microstructure of the test material. Cooling media results the
cooling rate during solution treatment. Tests in this study include hardness test, metallographic
test, XRD test, DSC test, and SME test. From the test results, it was found that all the test variables
have the Shape Memory Effect. The variable that had the greatest recovery (38.3%) was annealing
temperature of 450°C with the cooling solution media using brine. In addition, the most rapid
cooling occurs in the brine cooling media.

Keywords: Cu-Zn-Al, Shape Memory Alloys, Heat Treatment, Shape Memory Effect,
Microstructure

1. Introduction

Shape Memory Alloys (SMA) research has been accelerated in the previous decade. This
material possesses form recovery capabilities, which allow it to return to its original shape. After
mechanical deformation. Currently, many materials, such as Shape Memory Alloys (SMAS), have
been produced. Nickel and Titanium alloy, also known as NiTiNOL (Ni- Ti Naval Ordnance
Laboratory). There are numerous alloys. It was developed because of its mechanical capabilities and
form recovery properties. However, this alloy has limitations, such as complicated processing and high
manufacturing costs. This piques curiosity in the search for alternate materials for Shape Memory.
Other alloys include Cu-Zn-Al alloys.

In 2019, Alizadeh et al. conducted research on multilayer Cu-Zn-Al composites formed via
roll bonding and then subjected to temperature fluctuations during heat treatment. According to the
findings of these experiments, the higher the heat treatment temperature, the greater the increase in
mechanical characteristics gained (the temperatures employed were 750°C, 825°C, and 900°C). Garias
Devara investigated the effect of media fluctuations coolant in the Cu-Zn-Al Shape Memory Heat
Treatment method Alloys the same year. There were difficulties encountered during the material
bending procedure in this study. This is owing to the material being fairly hard, making it difficult to
form.


mailto:mavindra@its.ac.id

2 Journal of Applied Sciences, Management and Engineering Technology, Vol 4, No 1, 2023: 1-9

Due to a paucity of study on shape memory alloys Cu-Zn-Al, there is presently no way for
producing such alloys. When compared to NiTiNOL, ideal for improved recovery qualities. As a
result, this study will look into form memory alloys Cu-Zn-Al and how annealing temperature and
cooling media modifications affect shape memory effect and microstructure. After the machining
process, the mechanical characteristics and microstructure of the test material are affected by the
annealing procedure. The cooling medium influences the pace of cooling after solution treatment as
well as the recovery properties. The selection of variables in this study was based on the influence of
each of these processes. So from therefore, in this study there are several tests for strengthen the
hypothesis, such as hardness testing, XRD testing, DSC testing, metallographic testing, and Shape
Memory Effect test.

2. Method

The Cu-21Zn-5Al alloy obtained from the casting process was tested for hardness,
metallography and XRD. The alloy is given heat treatment starting from homogenizing followed by
metallographic testing. By preparing the specimen to be put into the furnace and heated to a
temperature of 850°C for 2 hours. Then, removed from the furnace and cooled in air to room
temperature. Next, the machining process and annealing process are carried out by inserting the AB
and Al specimens into the furnace and heating them to 425°C for 4 hours. After that, it was cooled in
air and the BB and Bl specimens were put into the furnace to be heated at 550°C for 4 hours. Cooled
again in air and put the CB and CI specimens into the furnace at 600°C for 4 hours. Metallographic
testing was carried out. The final step is solution treatment by putting all the specimens into the
furnace to be heated at 850°C for 10 minutes. Then, it is taken out to be cooled in a cooling medium in
the form of brine solution for AB, BB, CB specimens and dry ice media for Al, BI, Cl specimens. All
specimens were tested for hardness, metallography, XRD, DSC, SME

3. Results and Discussion

In this research, there is Cu-21Zn-5Al alloy in Figure 1 which is result of casting. This alloy
has been tested using X-Ray Fluorescence (XRF) MiniPal4 PANanalytical.

Figure 1. Cu-21Zn-5Al Alloy

The hardness test in this study was performed using a universal hardness tester HBRV 187.5
A and specimens tested as cast specimens, with specimens from each variable carried out for the heat
treatment process. The test specimen is subjected to a 30 kgf load with a 10-second indentation
duration. Each specimen was examined three times, and an average value was calculated, resulting in
data indicating that the hardness value was as indicated in Figure 2. Because to nucleation during the
casting process, phase a was produced in the as cast specimens, resulting in a low hardness value.
Meanwhile, the homogenizing specimen has a somewhat lower hardness value due to the formation of
more phases. The annealing results yielded further specimens. The hardness value is said to decrease
as the annealing temperature rises. The specimens with brine cooling media have the highest hardness
value when examined from the cooling medium because the martensite phase developed is relatively
dominating compared to the o phase. Because the dominant o phase is generated, it gives nearly the
same hardness value as the as cast specimen for dry ice cooling media. It may be determined that the
AB specimen has the highest hardness value, making it resistant to plastic deformation.
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Figure 2. Graph of Result Hardness Test
Metallographic testing using Metallurgical Microscope OLYMPUS BX51M-RF. The
specimens used were square in shape with dimensions of 2.5 cm x 2 cm x 1 cm. The etching solution
used was 5 grams of FeCls, 100 ml of ethanol, and 10 ml of HCI with the immerse method for 10-20
seconds. Table 1 shows the percentage of phases present in the specimens analyzed using the
FIIL.App.
Tabel 1. Analyze Result of Percentage Phases

Spesimen % Area
o R Y Martensit

As Cast 65 31,3 3,7 -

Homogenizing 70 28,5 15 -
Machining 47,3 30 2 20,7
Anneal 425°C 60,8 15,2 2,5 215
Anneal 550°C 63 17,5 2 17,5
Anneal 600°C 64,8 18,3 13 15,6
AB 25,8 5,4 7 61,8
BB 27,3 7,4 6 59,3
CB 30,4 8,5 3 58,1
Al 50,3 20,7 5,6 23,4
Bl 53,3 21,5 5 20,2
Cl 55,3 23,3 4 17,4

From Figure 3, it shows if the specimen contained phase o has brigt colour,B has dark colour,
and y makes black point. The different colours has formed because of the phase’s response of etch
solution so it makes different intensity of light [5]. In Figure 4 shows if o phase is the most dominant
phase in specimen at 65%. Homogenizing’s result of microstructure looks more homogeny than other.
It can conclude from o phase’s size which more uniform. And then, recrystallization process of a
phase makes the B3 and y phases is less. Figure 5 demonstrates that the form of each phase is uneven
due to grain elongation in some of the phases. This is due to uneven heat generated during the
machining process. It can also be seen that martensite forms as a result of the dissolution of phase o on
phase B. Furthermore, the cooling rate is uneven, causing some of them to crystallize. While Figure 6
indicates that as the annealing temperature rises, the fraction of phases o and 3 increases because the
material's freezing time increases, so does the crystallization time. Furthermore, the microstructure
results in Figure 7 reveal that the martensite in the specimens solution treated with a cooling medium
in the form of brine was significantly higher than in the others. It produces significantly more
martensite at 850C because phase a dissolved in b does not have time to crystallize in equilibrium
throughout the heating process. If the dry ice cooling medium only generates rapid cooling on specific
surfaces, the cooling is not dispersed evenly. This is seen in Figure 8, which depicts the dominating o
phase.
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Figure 6. Microstructure of Specimen After Anneallng at Temperature (A) 425°C; (B) 550°C, (C)
600°C Using Magnification 100x
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Figure 8. Microstructure of Specimen (A) Al; (B) BI, (C) ClI Using Magnification 100x

The XRD test is used to detect the phase transition created on the specimen, and the results are
compared with International Center of Diffraction Data (ICDD) standard data using the High Score
Plus-Marven PAN Analytical program. Figure 9(A) depicts the results of the XRD test. One of the
phases generated is a-brass, which has a cubic crystal structure and may be found in all specimens of
varying strengths. The peak position in the as cast specimen is 26 42.325 in field (1,1,1), 26 49.275 in
field (2,0,0), and 26 87.454 in field (3,1,1). Furthermore, B-brass phase is visible at the peak positions
20 42.612 in field (1,1,1) and 26 72.675 and 88.898 in field (3,1,1). For the y-brass phase at position
260 43.311 in plane (3,3,0) and position 20 79.456 in plane (6,3,3). In Figure 9(A), it can conclude that
intensity of phase a-brass bigger than intensity of specimen as cast but for phase B-brass lower.
Because of quenching makes the phase a dissolve into phase B and become martensite at room
temperature. In Figure 9(B), dry ice affects slow rapid cooling for specimen so phase a have much
time to dissolve into phase 3 and recrystallization.
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Figure 9. XRD’s Result of Specimen in Cooling Media (A) Brine (B) Dry Ice

The DSC test is used to determine the phase transition of the specimen at a heating rate of
10°C per minute and a temperature range of 25 to 400°C. Shape Recall Alloys have four transition
temperatures from low to high temperatures: Martensite Finish (My), Martensite Start (Ms), Austenite
Start (As), and Austenite Finish (Ar) [24]. The exothermic peak is defined by a decrease in heat flow
around 152.9°C in the midway of Mf and Ms. Meanwhile, a rise in heat flow with peaks in the
austenite temperature range indicates an endothermic process. Transformation temperature from
DSC’s result can be seen in Table 2.

Table 2. Transformation Temperature of Specimen BB
Temperature (°C)
M M, M As Ap At
94,8 152,9 197,7 275,4 282,2 289,6

Shape Memory Effect Test based on ASTM F2082-01 using specimen in wire shape with
diameter 1 mm and length 10 cm. The test begins by bending the test specimen to a 20°, as indicated
in Figure 10(A). Then it is heated in a furnace to 200°C and held for 5 minutes to allow for recovery.
Figure 10(B) depicts shape recovery, with percentages indicated in Table 3. When the test specimen is
bent as a result of stress, the arrangement changes from twinned martensite to detwinned martensite.
The heating causes detwinned martensite to be transformed into austenite [23]. Specimens with brine

cooling media have a greater recovery value than dry ice based on Figure 11. This is caused by the
martensite phase which affects the recovery.
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Figure 10. Specimen for Shape Memory Effect Test (A) Before Shape Recovery (B) After Shape
Recovery
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Table 3. Percentage of Shape Recovery Every Specimen

No Variable Shape Recovery (%)
1 AB 38,3% + 12,58
2 BB 36,7% + 12,58
3 CB 28,3% + 10,40
4 Al 21,7% £ 7,63
5 Bl 16,7% + 7,64
6 Cl 10% + 5,00
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Figure 11. Bar Diagram of Shape Recovery
4. Conclussion

In longer alloys, the cooling rate decreases as the annealing temperature rises. At the greatest
annealing temperature of 600°C with dry ice cooling medium, the martensite phase is somewhat more
prevalent, at 17.4%, and has the worst shape memory effect, with a recovery of 10%. This has an
impact on the crystallization process that takes place. The martensitic phase is significantly more
prevalent, at 61.8%, at the lowest annealing temperature of 425°C with brine, and the shape memory
effect is strongest, with a recovery of 38.3%. The brine cooling medium solution cools down the
quickest. This is due to the fact that the brine solution's liquid state accelerates the cooling process,
resulting in the formation of a very big martensite with a martensite content of 61.8% and a good
shape memory effect with a recovery value of 38.3%. The cooling process on specimens is uneven due
to the solid form that dry ice possesses, therefore it tends to be more the dominant phase generated,
which has attributes equal to 55.3%. Owned shape memory impact is only 10%, which is quite low.
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