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Abstract: The purpose of the present paper is to study the mechanical properties and microstructure of the twin-roll cast and cold 

rolled AA5083 aluminum alloy sheet in strain-hardened H321 temper. To reach this goal, first, a sound surface slab of 8.90 mm thick 

and 1260 mm wide was cast by a 15° tilt back twin roll caster at a casting speed of 490 mm/min. After homogenization at 520 °C, the 

product was cold rolled to two thicknesses of 6.30 mm and 3.85 mm with an intermediate annealing at 370 °C and final stabilization 

at 180 °C. Optical microscopy and scanning electron microscopy (SEM) investigations of the as-cast state depicted the segregation of 

intermetallic particles mainly in grain boundaries which was the cause of grain removal observed in the fracture surface of tensile test 

samples. In addition, mechanical properties indicated an increase in total elongation after homogenization heat treatment due to the 

elimination of the grain boundary segregations. Finally, it was observed that the properties of the 3.85 mm thick sheet were consistent 

with the H321 temper requirements according to ASTM B 290M standard due to applying sufficient cold reduction during cold 

rolling stage. 
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1 Introduction 
 

AA5083 alloy is one of the most popular 

commercialized aluminum alloys which provide good 

combinations of high strength, light weight, corrosion 

resistance, bendability, formability, and weldability [1−3]. 

The conventional process for industrial manufacturing of 

AA5083 sheets is the semi-continuous direct chill (DC) 

casting, hot and cold rolling route. However, there are 

some difficulties accompanied by this procedure, such as 

susceptibility of the ingot to fracture during DC casting 

due to large strains resulted from extensive solid and 

liquid coexistent temperature range [4], deep wrinkles 

derived from the thick oxide film taking place on the 

molten metal [5], and significant decrease in ductility 

during hot rolling, making the ingot liable to fracture [6]. 

Twin-roll casting (TRC) as a continuous method has 

been offered as a popular alternative to the conventional 

DC casting and hot rolling for some decades [7]. A 

schematic side view of a standard tilt-back caster is 

shown in Fig. 1. In this process, the molten metal is fed 

through a ceramic nozzle into the gap between two 

counter-rotating water-cooled rolls, where the melt 

solidifies and experiences dynamic hot deformation 

(10%−15%) down to few millimeters gauge slab [8]. The 

main twin-roll casting parameters are casting speed, melt 

temperature (in the head-box), tip set-back distance, and 

casting gauge which must be carefully controlled in 

order to obtain a surface defect-free slab [9]. 

TRC provides much faster solidification rates than 

the conventional DC casting; thus, different micro- 

structural and mechanical features are expected [10,11]. 

SANDERS [12] described a higher room temperature 

yield strength and elongation for 3xxx alloys produced 

with TRC as compared to DC cast alloys. MARTINS   

et al [13] observed higher hardness for twin-roll cast 

3003  sheets  in  comparison  to  DC  processed  alloys.  
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Fig. 1 Side view of tilt-back TRC and surrounding  

components [6] 

 

DUNDAR et al [14] found an equivalent or superior 

forming properties for different twin-roll cast 5xxx 

aluminum sheets in comparison to DC cast alloys. CHEN 

et al [15] reported smaller secondary dendritic arm 

spacing (SDAS) and better formability for twin-roll cast 

AA8006 sheet than DC cast one. SLAMOVA et al [16] 

observed much finer and numerous second phase 

particles in the twin-roll cast AA5052 and AA5182 

alloys in comparison to DC processed materials. In 

addition, they reported a strong cube texture component 

in DC cast sheets, while observed an unusual texture 

with orientations very different from the known ideal 

textures in twin-roll cast sheets. LIU et al [17] found a 

higher rate of β fiber texture component formation 

during cold rolling of twin-roll cast AA3003 alloy than 

DC cast alloy. The results of SARKAR et al [18] on 

softening kinetics difference between twin roll and DC 

cast AA5754 cold rolled material indicated a 

considerable slower softening kinetics in the former. 

Despite of these advantages, however, there are certain 

disadvantages associated with TRC process, such as 

center line segregation and limitation of casting alloys as 

reported by LI [19]. In Refs. [20−22], different defects in 

TRC products have been well reviewed. 

There are several reports on TRC of Al−Mg alloys. 

BERG et al [23] described TRC of AA5052 strips by 

controlling the set-back, strip thickness and casting speed 

and found a considerable change in grain structure from 

dual grain microstructure to purely equiaxed smaller 

grain size when strip gauge was reduced. DAS et al [24] 

observed a decrease in SDAS, tensile strength and 

hardness with an increase in TRC speed of different 

Al−Mg alloy strips. KIM et al [25] presented a twin roll 

caster with Cu−Cr water cooled rolls to cast high Mg 

content Al−Mg strips of 4−5 mm in thickness within the 

casting speeds of 3−5 m/min. HAGA and SUZUKI [26] 

developed a new melt ejection twin roll caster and 

produced a sound and fine grained AA5182 strip at a 

speed of up to 120 m/min. These reports are mainly 

based on laboratory experiments; on the industrial TRC 

of 5xxx series aluminum alloys, however, there are few 

reports. AKKURT and DUNDAR [27] reported 

production of Al−Mg strips of maximum 6.5 mm thick 

by TRC method with casting speed of 0.8−1.5 m/min. In 

addition, FLOWERS et al [28] provided a method for 

production of several 5xxx aluminum alloys with the 

thickness in the range of 4−5.8 mm using a large roll 

diameter twin-roll caster. As could be observed, in these 

studies, the maximum thickness of the cast slab does not 

exceed 6.5 mm. Thus, the first aim of this work is to twin 

roll cast an AA5083 slab with relative wide solidification 

range in the thickness of ~9 mm using the proper casting 

parameters. Then, the slab is homogenized and cold 

rolled in order to obtain AA5083 thin sheets in H321 

strain-hardened temper. At the end of each production 

step, the product microstructural and mechanical 

properties are investigated. 

 

2 Experimental 
 

For twin-roll casting, a 15° tilt-back FATA Hunter 

twin-roll caster was used. First, aluminum alloy melt was 

prepared in the furnace at the beginning of the TRC line. 

Al−5Ti−0.2B master alloy was used as grain refiner. 

Then, the melt was thoroughly mixed in the degasser 

chamber and the hydrogen content was reduced to less 

than 0.20 mL/100 g of metal using chlorine and inert gas 

mixture. For inclusion removal, a ceramic filter of the 

mesh size of 560 μm was employed. The chemical 

composition of the melt was continuously controlled by 

means of a portable quantometer in the holding furnace 

and the gating system. Finally, the melt was directed to 

the head-box where its temperature and level were set at 

713 °C and +1 mm, respectively. The tip set-back was 

maintained at 55 mm. Then, casting was started by 

feeding the prepared molten aluminum into the gap 

between rolls of 600 mm in diameter, and a slab free of 

surface defects was obtained at a casting speed of    

490 mm/min. The casting gauge was about 6 mm at the 

beginning of the process and was gradually increased to 

the final thickness of 8.90 mm. Due to high loads on the 

rolls, it was not possible to increase the thickness. The 

slab with 1260 mm in width was coiled at the end of 

TRC line. 

Prior to cold rolling, the cast coil was homogenized 

at 520 °C for 12 h. Then, a 2000 mm long plate was cut 

from the homogenized slab and edge trimmed. Cold 

rolling was performed in successive passes within two 

stages where the thickness at the end of first and last 
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rolling stages was 6.30 mm and 3.85 mm, respectively. 

The plate was subjected to an intermediate annealing at 

370 °C for 45 min, between the two rolling steps. After 

cold rolling, the as-rolled sheet was subjected to the final 

or stabilization annealing at 180 °C for a period of 1 h. 

After each production step, samples were taken 

from the product in order to determine the mechanical 

and microstructural properties. In addition, the EDS 

analysis of the constituent particles and investigation of 

the fracture surface in the as-cast condition as well as 

non-destructive tests including RT and PT of final sheet 

were performed. 

 

3 Results and discussion 
 

3.1 Chemical composition 

The chemical composition of the as-cast slab is 

given in Table 1. In addition, AA5083 standard 

composition according to ASTM B 209M [29] is shown 

in Table 1. According to Table 1, it is seen that the 

chemical composition of as-cast slab is consistent with 

the standard requirements. In addition, careful analysis of 

the slab composition shows that Mg content is set on the 

upper limit of standard composition range. Selecting the 

upper limit for Mg content was performed for two 

reasons; first, in order to investigate the possibility of 

5xxx aluminum alloys twin-roll casting with high Mg 

contents, and second, to compensate for the decrease of 

Mg solubility in aluminum due to presence of Mn. 

The variation of Mg and Mn contents of molten 

aluminum in the holding furnace and gating system 

during melting and alloying is shown in Fig. 2. These 

results are the average of three determinations in three 

different points of the furnace and gating system. The 

results show that as melting time increases, the solubility 

of manganese in aluminum gradually enhances, while 

that of magnesium is reduced. MONDOLFO [30] and 

JOHANSEN [31] have reported that presence of Mn 

leads to a decrease of Mg solubility in aluminum. This 

can be associated to lower diffusion rate of Mn rather 

than Mg in aluminum [32]. BROVERMAN [33] has 

shown that substitution of Mn in aluminum instead of 

Mg results in higher strength and lower ductility of the 

cast slab; this effect directly enhanced the difficulty of 

coiling at the end of TRC line. 

 

3.2 Analysis of particles 

Figure 3(a) indicates the SEM image of the as-cast 

slab with two kinds of particles A and B. The EDS 

analyses of these constituents are shown in Figs. 3(b) and 

(c), respectively. Based on the EDS results, the A and B 

particles are of α(Al)(Fe,Mn) and Mg2Si type. Other 

constituents were also characterized and analyzed by 

EDS. The results indicated that these particles are mainly 

intermetallics of the α(Al)(Fe,Mn)Si and Al6Mn type. 

These constituents form interdendritically by eutectic 

decomposition during solidification and have been 

reported in AA5083 alloy [34]. In addition, MgAl2O4 

inclusion was detected by EDS analysis. This inclusion 

has probably formed during holding periods prior to 

casting, as observed in the study of STANICA and 

MOLDOVAN [35]. 

 

Table 1 Chemical composition of as-cast slab and standard AA5083 aluminum alloy 

Alloy Ti Zn Cu Fe Si Cr Mn Mg Co V Al 

As-cast 0.017 0.001 0.003 0.315 0.225 0.105 0.447 4.9 0.001 0.015 Bal. 

ASTM B 209M <0.15 <0.25 <0.1 <0.40 <0.40 0.05−0.25 0.4−1.0 4.0−4.9 
Other (total) Other (each) 

Bal. 
<0.15 <0.05 

 

 

Fig. 2 Variation in Mn and Mg contents of molten aluminum at various time intervals in gating system (a) and holding furnace (b) 
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Fig. 3 SEM images of as-cast AA5083 slab with two particles 

A and B (a), EDS analysis of particle A indicating α(Al)(Fe,Mn) 

(b), and EDS analysis of particle B indicating Mg2Si (c) 

 

To understand the mode and nature of failure, 

fracture surfaces were investigated by SEM. Figure 4 

indicates two fracture surfaces in which dimples and 

cleavages can be observed. This suggests that both 

ductile and brittle modes of fracture have occurred. In 

addition, grain removal on the fracture surface is 

observed in Fig. 4(a), mostly around the intermetallic 

particles. Segregation of the brittle phase at grain 

boundaries initiates the crack formation and propagation; 

hence the grain peels off from the surface [24]. Figure 

4(b) shows a part of fracture surface with dimples 

indicating ductile fracture. 

 

 

Fig. 4 Fracture surface of as-cast slab indicating grain removal 

mostly around intermetallic particles (a) and dimples of ductile 

fracture (b) 

 

3.3 Microstructural investigation 

The structural features of the twin-roll cast slab 

across the thickness are shown in Fig. 5, at overview 

magnifications. As can be seen, grains are mostly 

equiaxed through the thickness. In addition, segregations 

are observed near the center plane of the slab extending 

parallel to the casting direction indicating of centerline 

segregations. Although not very severe in the present 

results, these segregations are solute-rich channels and 

common to twin-roll cast aluminum alloys. They can be 

discussed in terms of the roll force induced interdendritic 

fluid motion through the partly solid regions as 

solidification progresses from the surface to the 

centerline. The severity of centerline segregation is a 

function of TRC speed and alloy composition [36,37]. 
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Fig. 5 Schematic illustration of twin-roll cast AA5083 slab indicating points for metallographic observations (a), and structural 

features across thickness (b−f) 

 

Higher-magnification optical microstructures of the 

as-cast slab in addition to homogenized, as-rolled in  

3.85 mm thickness, and stabilized specimens are shown 

in Fig. 6. The microstructure in the as-cast state     

(Fig. 6(a)) shows a weakly deformed structure [38] and 

consists of aluminum solid solution matrix with the 

primary dark precipitates mostly segregated to the grain 

boundaries [39]. The grain size depending on casting 

parameters  [23] varies in the range of ASTM No. 4−8 

(~22.5−89.8 μm). DAS et al [24] have produced 

Al−5.69Mg strips of 3 mm thick by TRC, but the grain 

size was larger than 100 μm in their products. After 

homogenization (Fig. 6(b)), numerous precipitates with 

more uniform distribution in the matrix are observed, 

without any considerable grain growth in comparison to 

the as-cast structure. The high solidification rate 

encountered in TRC promotes supersaturation of the 

aluminum matrix. Homogenization treatment relieves 

this supersaturation by allowing precipitation of 

secondary intermetallic particles [19,39]. Cold rolling to 

the thickness of 3.85 mm results in an elongated 

structure, as shown in Fig. 6(c). This elongated structure 

does not significantly change even after stabilization 

treatment, according to Fig. 6(d). 

 

3.4 Mechanical properties 

Tensile properties after each production step are 

shown in Table 2. The results are the average of two 

determinations in longitudinal and transverse directions. 

It is observed that after TRC, the total elongation is less 

than 10%. This relative low elongation can be attributed 

to center-line segregation, intensity of which increases 

with increasing casting gauge [40]. The segregated 

alloying elements in the center-line region cause   

lattice distortion, which increases localized stress, and 

hence the fracture toughness in the region decreases [24]. 
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Fig. 6 Optical microstructures in conditions of as-cast (a), homogenized at 520 °C (b), cold rolled to 3.85 mm (c), and stabilized  

3.85 mm thick at 180 °C (d) 

 

Table 2 Tensile properties of AA5083 alloy in different production conditions 

Sample condition Thickness/mm Yield strength/MPa Ultimate tensile strength/MPa Total elongation/% 

As-cast 8.90 176 270 8.3 

Homogenized 8.90 171 320 17.5 

Cold-rolled 
3.85 315 346 7.5 

6.30 301 340 4.2 

Stabilized 
3.85 245 318 12.5 

6.30 216 295 12.2 

ASTM B 209M 

AA5083-H321 

3.20−5.00 215−295 305−385 Min. 10 

5.00−12.50 215−295 305−385 Min. 12 

 

Furthermore, it can be attributed to the detrimental effect 

of grain boundary precipitates. As reported by WEI    

et al [41], it is commonly thought that micro-voids form 

and coalesce around the grain boundary precipitates 

during deformation and lead to early fracture in the 

material. After homogenization treatment, the  

elongation drastically increases. This is due to the 

elimination of chemical segregations, removal of residual 

stress, and rounding-off of particles with sharp     

edges [31]. In addition to elongation, the ultimate tensile 

strength (UTS) is also increased in the homogenized 

condition, while the yield strength does not considerably 

change. The increase in UTS can be due to the 

dissolution of primary Mg2Si constituents which affects 

the strength in two manners. First, Mg goes through solid 

solution when Mg2Si is dissolved; since 5xxx aluminum 

alloys  achieve their high strength through solid 

solution strengthening [42], thus UTS increases. In 

addition, as mentioned before, the number of 

micro-voids forming around the grain boundary 

precipitates is reduced due to decreased precipitates; as a 

results, UTS is enhanced [41]. 

The comparison of the tensile behavior of as-rolled 

state with stabilized condition at both thicknesses of 6.30 

mm and 3.85 mm reveals that stabilization treatment 

decreases the strength and enhances the elongation. The 

mechanical properties of AA5083-H32 sheet and plate 

according to ASTM B 209M [29] are also given in Table 

2. It is observed that the tensile properties of the twin-roll 

cast and cold rolled 3.85 mm thick sheet are consistent 

with the standard requirements, while the strength 

properties of 6.30 mm thick plate are below the 
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minimum standard values. This may be due to 

insufficient cold reduction when rolling to 6.30 mm, i.e., 

29.2%. THOMPSON et al [43] proposed that at least 

40% cold reduction is necessary in order to obtain 

work-hardened properties. Meanwhile, AKKURT and 

DUNDAR [27] suggested that the reduction after 

intermediate annealing should be at least 20%. In the 

present study, this reduction was 38.9%. Thus, the 

AA5083-H321 sheet with 3.85 mm in thickness was 

obtained. 

 

3.5 Non-destructive tests 

The non-destructive RT and PT were performed on 

the 3.85 mm thick-sheet where the RT results did not 

show any defects through the sheet thickness. In Fig. 7, a 

part of the sheet surface after PT is indicated where a 

linear indication of 4.5 mm in length normal to the 

rolling direction is observed. This discontinuity was not 

observed on the other parts of the investigated surface. In 

order to determine the reason for formation of the 

indication and detect its depth, the structure beneath the 

surface was investigated with optical microscope. The 

result is shown in Fig. 8(a) where a particle of the length 

~270 μm is observed. The EDS analysis of the particle 

was performed, and the result is depicted in Fig. 8(b). 

The results show that the particle is of the MgAl2O4 

inclusion type. The difference in deformation properties 

of matrix and the inclusion on surface may have led to 

the formation of the linear indication [44]. However, the 

depth of the indication is negligible; thus, it can be 

regarded as a superficial scratch. 

 

 

Fig. 7 A linear indication of 4.5 mm in length on sheet surface 

after PT 

 

4 Conclusions 
 

1) The microstructure of as-cast slab consisted of 

mostly equiaxed α(Al) matrix grains with primary phases 

at grain boundaries. The total elongation in this condition 

was lower than 10% due to presence of center-line 

segregation and grain boundary particles. 

2) The constituent particles in as-cast state mainly 

consisted of Mg2Si, α-Al(Fe,Mn), α-Al(Fe,Mn)Si, and 

Al6Mn. The grain removal observed on fracture surface, 

occurred mostly around these constituents due to void 

formation and coalescence in these regions. 

 

 

Fig. 8 Optical micrograph of MgAl2O4 inclusion beneath 

surface (a) and inclusion EDS analysis (b) 

 

3) After homogenization, the total elongation 

increased in comparison to the as-cast structure which 

was as a result of segregation elimination. In addition, 

the ultimate tensile strength was enhanced due to 

dissolution of grain boundary Mg containing particles 

and the following solid solution strengthening by Mg. 

4) Cold rolling to 6.30 mm thick plate and 

following stabilization did not result in H321 temper 

properties due to low reduction. On the other hand, 

properties of the 3.85 mm thick sheet produced by 

twin-roll casting and cold rolling procedure were 

consistent with the H321 requirements in ASTM B 209M 

standard. 

5) RT and PT results did not show any cracks 

throughout the thickness and on the surface of 

AA5083-H321 3.85 mm thick sheet. 

6) It is possible to produce high Mg-containing 

AA5083 slab by twin-roll casting and obtain thin sheets 

in H321 temper by further cold rolling. 
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双辊铸轧参数对 AA5083-H321 板材 

显微组织与力学性能的影响 
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摘  要：研究双辊铸轧和冷轧 AA5083 铝合金在 H321 应变硬化态下的显微组织和力学性能。通过 15°倾斜后双辊

铸轧机在 490 mm/min 铸造速度下制备厚 8.90 mm、宽 1260 mm 厚板， 板材表面完好。 经 520 °C 均匀化处理后，

材料冷轧至 6.30 mm 和 3.85 mm 两种厚度的板材，并在 370 °C 进行中间退火和 180 °C 进行稳定化退火。光学显

微镜和扫描电子显微镜研究表明金属间化合物颗粒主要聚集在晶界处，这也是拉伸断口中晶粒剥离的原因。另外，

力学性能研究表明，经过均匀化处理后，晶界偏聚消除，合金的伸长率得到提高。由于在冷轧阶段得到足够大的

压下量，3.85 mm 厚板的性能符合 ASTM B 290M 标准的 H321 态性能。 

关键词：AA5083 铝合金；双辊铸轧；冷轧；H321 应变硬化态 
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