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ABSTRACT 

 
           The objective of this research is to increase the mechanical properties using heat treatment process (T6 condition followed by two-

step artificial aged). It improves hardness and tensile strength to appropriate characteristics of work. This research used squeeze casting 
with GISS technique to produce an aluminum 7075 part. This process increases mechanical property and decreases numbers of defect 

when compared with the Conventional Liquid Cast (CLC). Two factors of heat treatment process that affect the mechanical properties and 

microstructures of aluminum are temperature and time. This solution temperature using in the research are 450, 480 and 510 C  for 4 and 

8 hours then followed by two-step artificial aging. The condition that has the best result in this research obtained from the solution 

treatment at 450 C  for 8 hours and two-step artificial aging that will give 88.56 HRB and 497.94 MPa of result hardness and tensile 

strength. The process of heat treatment was analyzed for the unit cost in the laboratory scale. The product are separated two types, type I 
used the solution time 4 hours and type II used 8 hours. The cost analyze for this laboratory scale product was 764.83 and 778.62 bath per 

piece respectively. 
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INTRODUCTION 
 

       Currently, the amount of aluminum usage 

increases because the aluminum has many advantage 

such as light weight, high strength, corrosion 

resistance, electric and thermal as well. The forming 

process of the aluminum is not complicated. It can 

be formed in several ways such as casting, extrusion, 

rolling, forging etc. [1] The forming process which is 

widely used in the industry is die casting process but 

this process has several defects such as porosity, low 

mechanical property and the mold which has the 

shortest life. J.Wannasin developed semi-solid 

process which can solve the die casting defect. The 

development process is Gas Induced Semi-Solid 

technique (GISS) [2] which is the process 

preparation liquid metal is in semi-solid metal. GISS 

technique uses the inert gas bubble (argon or 

nitrogen gas) through fine porous graphite rods to 

cause the movement of liquid metal while 

coagulation and the microstructure is spheroidal 

grain. Aluminum from GISS technique will have a 

little porosity and high mechanical properties. 

Usually, 7075 al alloy cannot cast but semi-solid can 

help this casting process. Improving the mechanical 

properties of the aluminum alloy is to use heat 

treatment process to help achieve higher mechanical 

properties. However, the aluminum 2024, 6061, 

7075 alloy [3-5] etc. were ever brought to improve 

mechanical properties better before using which 

increase their hardness, tensile strength and 

toughness. Commonly the rod 7075 al alloy uses as a 

structure of the aircraft, automotive and building 

structure. Using aluminum 7075 is suitable for high 

mechanical properties work. Thus, heat treatment of 

semi-solid compression casting of GISS technique 

for 7075 al alloy will result in higher mechanical 

properties and can be used to substitute other 
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materials such as structure steel. The 7075 al alloy 

may be one choice that can apply to the industry in 

the future. 

        In industrial aspects should regard the cost of 

production to decide the choice of manufacturing 

operations. The classification of products cost can be 

classified into 2 types, direct and indirect cost [6-7].  

 

2. Objectives: 

 To improve the mechanical properties of 7075 al 

alloy by heat treatment process and cost analysis 

laboratory scale 

 

Materials and Methods 
 

        Material used in this research is GISS semi-

solid squeeze casting 7075 al alloy. The dimensions 

of casting part are 100 mm in width, 100 mm in 

length and 15 mm in thickness. The casting samples 

were solution treated at 450, 480 and 510 C  for 4 

and 8 hours, quenched in water at room temperature 

and then followed two-step artificial aging. The first 

age’s temperature at 120 C , for 2 hours and second 

age’s temperature at 170 C  for 1.5 hours were used 

are two-step artificial aging. The conditions of this 

experiment were shown in Table 1. The specimen 

for Rockwell hardness test (scale B) is cut into 40 

mm x 10 mm x 15 mm specimen was shown in 

Fig.1(a) the machines test was determined (100 kg 

load) from the average of fifteen readings per 

sample. Tensile test used dog-bone specimen follow 

from ASTM-E8 shows in Fig.1(b). All samples used 

for the optical microscopy (OM) were ground, 

polished, etched in 0.5% HF solution for 7 second 

and rinsing with water. Then, the cost of heat 

treatment process in laboratory scale was analyzed. 

The calculation method show the direct and indirect 

cost of this processed. 

 
Table 1: Conditions of experiment for solution treatment (T6). 

Solution treatment Artificial aging 

Temperature Time 1st Aged 2nd Aged 

450 C  4 hours 120 C , 2 hours 170 C , 1.5 hours 

8 hours 

480 C  4 hours 

8 hours 

510 C  4 hours 

8 hours 

Fig. 1: The dimension of specimen for testing (a) Hardness test (HRB) and (b) Tensile test. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Microstructure of aluminum 7075 alloy (a) As cast globular grain area (b) As cast rosette grain area  and 

(c) After the solution treatment and two-step artificial aged. 

 

Results and Discussion 

 

4.1 Microstructure and Mechanical properties: 

 The as cast microstructure reveal non-dendritic 

grain Fig.2(a) shows an optical micrograph of the as 

cast 7075 al alloy SSM squeeze casting sample. The 

microstructure has a globular grain but some area in 

microstructure have rosette grain (Fig.2(b)). It is 

seen the microstructure has a α-Al phase, a find 

eutectic MgZn2 (light gray). For Fig.2(c) shows the 

microstructure of the 7075 al alloy after solution 

treatment at 450 C  for 8 hours then with water 

quench and two-step artificial aging at 120 C  for 2 

hours and temperature 170 C  for 1.5 hours 

respectively. After the solution treatment and two-

step artificial aged, it was found that the grain 

eutectic 
α-Al 
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boundary dissolution and thinner with MgZn2 phase 

melt in the form of a solid solution [8]. 

Microstructure was changed after the heat treatment 

process (T6) and two-step artificial aged, this is a 

result of the mechanical properties change. 

       From SEM micrograph of the solution treated 

and artificial aged 7075 al alloy in Fig.3(a) shown 

the primary and secondary phase.The SEM-EDX 

area analysis of the bright area at grain boundaries 

shows high concentration of Cu, Fe and Zn elements 

because of solute segregation during solution treated 

and artificial aged, as shown Fig.3(g) which is 

expected intermetallic of Cu2FeAl7 phase [8]. 

Fig.3(b), (c), (d), and (e) shown The solubility 

elements such as zinc, copper magnesium and iron It 

was found that the zinc was distribution better than 

other elements. From the distribution of zinc will 

increased mechanical properties of 7075 al alloy.

 
 

Fig. 3:  SEM micrograph of aluminum 7075 alloy (a) 7075 al alloy after T6 and two-step artificial aged (b), (c), 

(d), (e) and (f) distibution of element Al, Mg, Za, Cu, and Fe respectively and (g) SEM-EDX resulted 

area. 

 

 From the mechanical property tests before 

improving mechanical properties with heat treatment 

processes for hardness and tensile strength of 7075 al 

alloy forming process with GISS technique have 

value hardness test of 58.98 HRB and tensile test is 

189.63 MPa. Fig.4 shows that when the solution 

temperature at 450 C  for 8 hours, followed by two-

step artificial aged the hardness is higher when 

compared to the solution time 4 hours is the same 

temperature and the hardness will decrease when the 

temperature get higher. 

 
Fig. 4: Maximum hardness of 7075 al alloy after heat treatment (T6) and two-step artificial aged. 

 

 The tensile strength increased when the heat 

treatment process (T6) and two steps artificial aged. 

The maximum tensile strength value as the Fig.5 

must use temperature required at 450 C  for 8 hours 

with the same maximum hardness. The values of 

elongation depend on the disappearance of eutectic 

phases and the existance of insoluble phase resulted 

an elongation in the range 1.51-2.25% after aging. 

(a) (b) (c) (d) (e) (f) 

(g) 
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Fig. 5: Tensile strength of 7075 al alloy after heat treatment (T6) and two-step artificial aged. 

 

 If compare the heat treatment process (T6) at 

450 C  for 4 hours then the one step artificial aged at 

120 C  for 24 hours [9] and two-step artificial aging 

in this research. The elongation of one-step 4 % is 

more than two-step 2.25%, still the tensile of one-

step and two-step are 455 and 477.47 MPa 

respectively, which tensile strength two-step more 

than one-step. From an analysis of the factors that 

affect the mechanical properties of hardness and 

tensile strength are the temperature and time it takes 

to heat treatment process. 

 

4.2 Cost analysis in laboratory scale: 

 Symbol and abbreviation for cost calculation 

method in laboratories as follows: 

DC   = Direct cost     DL   = Direct Labor    

IC     = Indirect cost               MO  = Manufacturing 

Overhead     

DM  = Direct material           Cap. = Capacity 

 

 The heat treatment process (T6) of 7075 al alloy 

was analyzed for the cost in the process. There are 

two types for products in this research, the first one 

was solution treated for 4 hours which is call type I, 

and type II was solution treated for 8 hours. The both 

products are two-step artificial aging for the same 

time and temperature. The requirements in the heat 

treatment process (T6) were shown on Table 2. 

 
Table 2: The requirements in the heat treatment process (T6). 

Requirements Type I Type II 

Capacity (pieces/year) 18,000 9,000 

Number of employees (employee) 2 2 

Work shifts (shift) 2 2 

The number of working hours per shift (hours) 8 8 

Wages per shift (Baht) 300 300 

The amount of time working year (days) 300 300 

 

Classification of costs incurred in the process cost 

can be divided into 2 categories. 

1) Direct costs include direct material cost and direct 

labor costs which can calculate the direct cost of the 

equation 1. 

DC = DM + DL                                                     (1) 

2) Indirect costs include production costs, utilities 

and maintenance costs which can calculate the 

indirect cost of the equation 2. 

IC = ∑MO                                                            (2) 

 The costs that are calculated in the laboratory 

would not be charged the rent space to work because 

it only works in the lab and expenses based on the 

price per unit in Thailand. The calculation of the cost 

per unit can be calculated of the equation 3. 

Unit cost = 
 

Cap.

ICDC 
                                          (3) 

 From the above equation, the third equation can 

be calculated cost of heat treatment processed (T6) 

in Table 3. 

 Table 3 shows that the cost per unit of product 

type I and type II are 764.83 and 778.62 baht 

respectively. Both products, which are differences 

dependent on the customer's decision to choose to 

have mechanical properties that are suitable for use. 

It is seen that the different cost is the cost of raw 

materials and utilities (water and electricity) because 

the quantity of production and the time that it takes 

to heat treatment process (T6).  
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Table 3: Cost classification of heat treatment processed (T6) in the laboratory scale. 

Type of 

product 

Direct cost Indirect cost Cost per unit 

(฿) Material cost 

(฿/year) 

Labor cost 

(฿/year) 

Production 
cost 

(฿/year) 

water 
 

(฿/year) 

electrical 
 

(฿/year) 

Maintenance 
Cost 

(฿/year) 

Type I 13,500,000 195,000 7,800.00 1,080.00 48,048.90 15,000.00 764.83 

Type II 6,750,000 195,000 7,800.00 840.00 38,967.43 15,000.00 778.62 

 

5. Conclusion: 

        1) The temperature and time that appropriate 

for solution treatment of aluminum 7075 alloy was 

450 C   for 8 hours, which increased the maximum 

hardness and tensile strength are 88.56 HRB and 

497.94 MPa respectively after to two steps artificial 

aging. 

        2) Calculation of the costs which occurred from 

the process  that  presented in this research are tools 

to make the visible cost for supporting the 

customers, entrepreneurs or related industries  in 

order to make decision. Comparing the lower (Type 

I) and higher cost (Type II), the result of mechanical 

properties was low and high, respectively. So if we 

choose the product that has high mechanical 

properties, we have to select the product (type II) 

which contain 778.62 baht of production cost. 
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