
5.0 DISCUSSION 

5.1 Weld thermal cycle 

When two metal plates are joined by fusion welding the material of the plates has to be 

heated to its melting point and then cooled again rapidly under conditions of restraint 

imposed by the geometry of the joint. As a result of this severe thermal cycle the original 

microstructure and properties of the metal in a region close to the weld are changed. The 

change of the material properties depends upon cycle of heating and cooling created due 

to the movement of the arc and the thermal properties of the base material. The changes 

of the HAZ are also depend upon the prior thermal and mechanical history of the 

material. The recrystallization behavior during the weld thermal cycle is affected by the 

of work hardening conditions prior to the welding. 

The temperature measurements around the arc were not carried out in the investigation 

and has to be referred from the literature which uses the rather satisfactory agreement 

between measured and theoretical temperature profiles 8 [fig. 5.1]. 

i 
i 

Fig. No. 5.1 Temperature distribution during welding' 

It was observed and understood that, the decline in the mechanical properties of the 

material AA 5083 - H321 occurred as a result of the welding process. According to the 

references [ref: 1, 3, 8]the cause for this reduction is the loss of work hardening affect. 

Presence of this decline of mechanical properties has to be critically considered in the 

design stage where the AA 5083 and similar alloys are used. Primarily this disadvantage 
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has to be compensated by using thicker material sect ions 1 4 ,where the weight of the 

component increased. Essentially this is not a economical way to practice and it can even 

diminishes the advantage of AA 5083 that has of higher strength to weight ratio"' . 

It is very significant and beneficial to have a prospective procedure to overcome this 

disadvantage, without compensating higher weight and amount of material for higher 

strengths. This certainly needed a mechanism which could able to alter the mechanical 

properties of AA 5083 after welding. 

According to the chemical composition analysis of AA 5083 ( refer table 4.1 ), 

substantial amount of Silicon is present in addition to the Magnesium as alloying 

elements. Especially presence of Magnesium and Silicon has a favorable drive to form 

precipitates under the increased temperatures 7 ' 1 1 . This phenomenon has been used and 

investigates in this research. 

5.2 Improvement Properties HAZ by Heat Treatment 

To introduce a metallurgical approach to overcome this drawback, initially behavior of 

mechanical properties and microstructure of the AA 5083 were investigated. According 

to the results of these investigations experiments were focus on the possibility of 

regaining of declined mechanical properties by the heat treatments on welded (GMAW) 

joints of AA 5083. 

According to the results obtained, samples treated at the 473 K for 10 minutes ( sample 

set no. 04 ) provided the optimum re-impose level of the mechanical properties 

(hardness) which was decline as a result of the weld thermal cycle. This was illustrated in 

the Fig no. 4.16 . The time intervals shorter than the 10 minutes also display ( Fig no. 

4.15 ) re-imposing of the hardness but it was not equal with maximum level which 

displayed in the treatment of 10 minutes at 473 K ( Fig no. 4.18 ). Periods longer than 

the 10 minutes treating at same temperature ( Fig no. 4.17 ) dose not provide any evident 

of significant improvements of properties over the treatment time of 10 minutes. This was 

very clearly distinguished at the graph in Fig No. 4.18. This longer treatment time shows 
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a susceptibility to re-decline the hardness as wells as tensile strengths in the HAZ. 

Samples treated at the temperatures higher than the 473 K also lead to poor results ( Fig 

No. 4.19 ). Therefore, treating at higher temperatures could not be possible to consider as 

prospective method. 

The results obtained with the hardness measurements can be further proven by the there 

correlation with tensile behaviors of the heat treated samples. The tensile test samples 

obtained from the heat affected zone ( HAZ is spared over 4-16 mm from the weld center 

line - according to the micro hardness graphs ) were tested and the maximum UTS was 

displayed in the sample which treated at 473 K for 10 minutes ( sample no. HAZ/T/11 in 

sample set no. 04 ) and that was visible in the stress strain curve ( Fig no.4.24 ). Micro-

Hardness reading for other sets of samples was also shown a correlation with the UTS 

values obtain form each set of sample. This relationship would support and provide 

second evaluation to establish the conclusion on the experimental results obtain through 

the micro-hardness measurements. 

5.3 Metallurgical Approach to Behavior of Precipitates 

5.3.1 Microstructure 

Formation of fearly fine precipitates is visible in the microstructure of the samples that 

treated under 473K temperature ( Fig. No. 4.33 ). Especially samples treated for 10-15 

minutes appeared finely dispersed through out the area. The samples which treated at 673 

K have not exhibit this kind of appearance according to the microstructure as given in the 

Fig. No. 4.34. (a) and (b). Apparently those structures like to be having oversized 

precipitates which will be no longer supports to the improvement of mechanical 

properties of the matrix. 

According to the chemical composition ( Table 4.6 ) and also Hatch at the 473 K 

formation of M g 2 S i is having very high level of tendency 7 ' " . In addition to that the 

appearance of precipitates is dark in colour. Comparing with the literature referenced 

collected data in table 4.4 also establish the conclusion of the identification of precipitates 

are as M g 2 S i . 
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Accurate identification of the precipitate type is possible with the support of SEM/EDAX 

facilities and due to limitation of those equipments it was unable to identify the exact 

composition of the precipitates experimentally. 

5.3.2 Formation and Coarsening of Precipitates 

The difference of precipitate size could be theoretically analyze by using Lifshitz-

Slyozov-Wagner (LSW) theory, 

In the basic theory Wagner (Elektrochem , 1961) proposed the change of precipitate 

volume is directly poposional to heat teating time 6 ' 1 2 and with the subsequent 

development of the theory supported by the Lifshitz and Slyozov's experimental findings 

and other subsequent experiments following equation can be derived the suited to the 

isothermal cond i t i ons 4 ' 6 ' 9 , 1 2 

r t

 3 - r 0

3 = 4 0 Do C e V m . t . [ exp ( - E / RT) ] /[ 9 RT ] ( 1 ) 

Where ; 

r, - radius of precipitate at treating time t , r 0 

C c - concentration of solute in the matrix E 

V m - molar volume of precipitates 

Do -pre-exponential factor 

R -gas constant 

0 

T 

t 

-initial precipitate radius 

-activation energy between 

partials 

-interfacial energy between 

precipitate & matrix 

-absolute temperature 

-soaking time 

According to the formula proposed by Huse 2 3 the straight line could fit to the equation 

no. ( 1 ). 

When ; 

K = 4 0 D 0 C e V m . [ exp ( - E / RT) ] / [ 9 RT ] ( 2 ) 
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Hence Equation no. 2 can re-write as, 

r t

3 - r 0

3 = K . t ( 3 ) 

r vs. Soaking Time 

Soaking Time 

Fig. no. 5.2 Linear Relationship of Radius of the Precipitate and Soaking time 

Equation no. 4 shows linear relationship between " r t

3 " and " t ", Hence relationship 

between precipitate size and time could be define as follows, 

r t

3 = K . t + r 0

3 ( 4 ) 

Then equation ( 4 ) provided the, 

Y = m . X + c 

type graphical representation and could be plotted as in figure no. 5.2, 

The straight line fitting to the equation no. (3) could be made doubts about the 

consideration of C e and V m as constants during the heat treatment. But according to the 

experimental scenario, concentration of solute in the matrix ( C e ) is considered as 
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constant all over the soaking time. Because there are no any elements ware inserted to or 

departed from the HAZ of the welded material during the soaking. Molar volume of 

precipitates ( V m ) suppose to be change during the soaking period due to the precipitate 

forming and coarsening. But in according to the straight line proposed by the Huse 2 3 , 

the change of the molar volume of precipitate was considered as negligible till the 

duration of Anti Phase Boundary mechanism governs the dislocation moments 2 3 . 

The correct molar volume values of the experimental samples could be possibly calculate 

by the graphically analyze of the area with high magnification SEM micrograph using 

the computer image processing techniques. 

5.3.3 Critical Precipitate Size 

• 

Fig. No. 5.3 Movement of dislocations through precipitates | ref 16 | 

Arrow indicates direction of dislocation movement 
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This strengthening effect is resulted from the interaction between dislocations and the 

precipitates, which act as obstacles to the movement of dislocations in the material 2 5 . The 

dislocations movements in an alloy matrix are actually interfered with the distribution 

pattern and size of the precipitates. This phenomenon is generally governed by the Anti 

Phase Boundary mechanism (particle cutting) and the Orowan mechanism. At smaller 

size (5 -50 nm) precipitates are not normally bypass by the dislocations 2 4 . As long as the 

precipitation particles are traversed by the dislocations, the strength increases generally 

with the increasing diameter of the precipi tates 1 6 ' 2 4 . The transition in microstructure from 

fig. no. 5.3 a to fig. no. 5.3.b can result in an increase in strength. This transformation 

point is also depend on the basic properties of the precipitate such as hardness and 

density etc.. If the Orowan (bypass) mechanism in the fig. no. 5.3.c starters in the 

material due to 

Treated at 473 K 

100 

I 
</) at a> c •o 
5 
o 
w o 
i 

80 
0 10 20 

Time (Minutes) 

Fig. no. 5.4 Average micro hardness vs. treated time 

the relatively lager precipitates, then the strength start to drop with the further increase of 

the size and distance between the precipitates'. 
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Using the experimental results obtain from the micro hardness measurements the 

hardness variation against the treating time as would be able to plot as in fig. no. 5.4 . As 

discussed in the above paragraphs and according to experimental results, the maximum 

hardness level is resulted at the treating time of 600 seconds ( 10 minutes) at the 

temperature of 473 K [ fig. no. 5.4 ] . Hence, this instance has to be counted as the 

optimum time for best mechanical properties. 

Expression can be derived for mean critical precipitate radius ( r# ) for the instance of 

maximum mechanical properties, by using the soaking time and the soaking temperature 

(t = 600s , T = 473K ) that resulted to optimal mechanical properties level applied in 

the equation ( 1 ). The expression will provided the appropriate value for mean critical 

precipitate radius (r#) of the M g 2 S i precipitates at AA 5083 matrix. 

5.4 Practical Utilization of Experimental Results and Further work 

Experiments were done with relatively smaller size (approx. 300mm x 150mm) and 6 

mm thickness AA 5083 plates. For those samples, furnace treating is possible. The same 

method will not be much economical and practical in the case of larger components and 

structures, but it may be possible to follow equivalent heat treatment procedure with gas 

flames. Practical utilization of these results is more possible due to relatively smaller heat 

treatment time. Temperature control could be difficult with the continues flames. A 

proper mechanism for movement of flame along the HAZ with proper control of flame 

intensity is more feasible to obtain better results. Use of Heat sensitive chalks and heating 

pads may possible to provide best results. Further work should be needed to exactly 

understand the best practical method. 
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6.0 CONCLUSION 

• The mechanical properties of the heat affected zone (HAZ) of welded AA 5083 

can be enhanced by appropriate heat treatments. 

• Approximately 10 minutes heat treatment at 473 K provides the maximum 

improvements for weaken mechanical properties at the HAZ of AA 5083. 

• The heat treatments can be carried out in a laboratory type furnace for small 

samples. It will not be practical for the case of larger components and structures, 

but it may be possible to follow equivalent heat treatment procedure with either 

gas flames or heating pads. 
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