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Solution treatment (austenitic steels series 3) 

The object of the treatment 

• The heat treatment to make the steel structure uniform provides more intergranulate 
corrosion strength than in a non-treated material, especially in correspondence with 
the welds. 

 
 
Fig. 1 – Tensile stress test  

 
To determine material ductility a steel test piece is put through the tensile test (A). 

 
Through loading (vertical arrows) the test piece lengthens, and its cross section reduces and 
it forms necking (B). 

 
In the case of steel, which becomes brittle due to cold working, cracking of the test piece 
follows that will  present cutting and sharp edges (C). 

 
If  the material is put through the solution treatment, the test piece breaks if  larger loads are 
applied; the surface fracture is filamentous (D). 



 
 

 
Fig. 2 - AISI  steel series 3 structure after gradual elongation due to pulling stress 
(corresponds to point A of fig. 1). 

 

 
 
Fig. 3 – AISI  series 3 steel structure put through the tensile test (corresponds to point B of 
figure 1). 

 
The progressive horizontal stretch of the crystalline grains that buckle from a plastic point 
of view and slide one on the other should be noted. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 - AISI  steel series 3 steel structure put through a tensile test (corresponds to point 
B of figure 1 - a different view). 

 
The presence of various slip planes induces tension stresses inside the piece that will be 
work-hardened. 

 
The solution treatment is aimed at restoring a structure with small, uniform equi-axial 
grains. 

 
Recrystallization annealing (ferritic  steels series 4) 

The object of the treatment 

• Heat treatment eliminates structural stresses and makes it possible to obtain a 
pliable and softened material. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 - AISI  430 steel subject to cold working and work-hardened. 

 
The base of the figure is 450 micron long. 

 
To be noted: the stretched and oriented crystals which are separate from the slip planes. 



  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 - AISI  430 steel recrystallized at 800°C, water cooling. 

 
Basal side is 100 micron; note the well-formed crystals without preferential orientation. 

 
Solution treatment of austenitic steels 

Recrystallization annealing of ferritic  steels 

List  of ASTM reference specifications 

A 249: Austenitic steel welded tubes for boilers, superheaters, heat exchangers, and 
capacitors 

 
A 268: Weldless tubes and ferritic stainless steel welds for general use 

 
A 269: Weldless tubes and austenitic stainless steel welds for general use 

 
A 270: Sanitary weldless tubes (for the food industry) and austenitic stainless steel 
welds 

 
A 312: Weldless tubes and austenitic stainless steel welds 

 
A 791: Ferritic stainless steel welded tubes not subject to annealing 



 

DIN 17457: Austenitic stainless steel round welded tubes for specific requirements – 
supply technical conditions 

 
Solution treatment of austenitic steels 

 
Technological parameters 

 
Temperature 

 
Temperatures range between 950°C and 1,200°C; in our case the range is between 1,050 to 
1,100 °C 

 
Temperature stabilization 

 
Temperature is held for about 3-5 minutes each for 2.5 mm thick material. 

 
Temperature is to be as low as possible within the tolerance range: the increase of the 
temperature and dwell time makes the crystalline grain coarser and lowers the level of 
tube deformation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 – Comparison between a fine grain structure obtained from heating within the set 
temperature range and a coarse grain structure with spoilage of the mechanical 
properties. 

 
Cooling 

 
Water cooling (for thicknesses of some millimetres) or blown gas (for lower thicknesses 
where there is risk of deformation) is to be rapid to keep the carbides in solution. 

 
Which gas is to be used for  cooling? 

 
• Air  

 
Since hot oxidation above 900°C is important, air utilization will  result in the 
formation of a scale of oxides; the speed at which of the oxide layer forms is 
proportional to the oxygen concentration. 



• Nitrogen 
 
Using nitrogen results in the formation of nitrides (their amount increases with increased 
temperature). 

 
• Hydrogen 

 
This gas makes it possible to obtain bright annealing but it will  be necessary to take some 
safety precautions (4–74% hydrogen mixture in air is explosive). 

 
Recrystallization annealing of ferritic  steels 

 
Technological parameters 

 
Temperature 

 
Temperatures range between 750°C and 790°C (870–900°C for AISI 409); above 850°C it is 
produced a coarse grain structure is produced and steels become brittle. 

 
Temperature stabilization 

 
Work temperature is held about 1–1.5 minute for each millimetre of material thickness. 

 
Cooling 

 
Water cooling (for thicknesses of some millimetres) or blown gas (for lower thicknesses 
where there is risk of deformation) is to be rapid to maintain the carbides in solution. 

 
Which gas is to be used for  cooling? 

 
• Air  

 
Air  can be used with the formation of an oxide layer that is easily removed by pickling. 

 
Nitrogen 

 
In this case temperatures are low; there is no nitride formation. 

 
Problems incidental to the on-line treatment (AISI  series 3xx) 

 
Preliminary  

 
If  the tube should be produced for forming a solution heated and laser welded strip, the 
problem of solubilising the carbides precipitated during welding does not subsist: the use of 
the laser involves fast heating and cooling that avoids structural transformation both in the 
weld bead and in the contiguous zone. 



In any case, it is necessary to eliminate the strain hardening; the specification DIN 17457 
calls for heating at a temperature above 1,040°C where it would be possible to have the 
product certified. 

 
Problems 

 
Graduated heating with a short dwell time at 350–450°C (stress relief) to partially relieve the 
material's elastic stresses to prevent the product deformation. 

 
The work temperature must be high to offset the shor t  t ime at the holding temperature; 
however, this is not enough to eliminate stresses completely. 

 
It is possible to determine the residual stress percentage after treatment by using the 
Larson–Miller's equation: 

 
T (log t + 20) 10 –3 = Thermal effect 

 
“T”  is the temperature in degree Rankine 

 
“t”  is the stay time in hours 

 
Reference curves used are available from literature. 

 
Example: for AISI 347 holding of 4” at 1,100°C implies residual stresses equivalent to 
20% 

 
Delta Ferrite  

 
Presence of delta ferrite in the weld bead in a quantity of 3–8% (measurable) prevents hot 
cracks from forming; these form during cooling of the steel to around 980°C. 

 
The delta ferrite forms during hot forging above 1,100°C or during welding of stainless 
steels such as for example AISI 309 S, 310 S, 314. 

 
Considering the steel composition it will  be possible to calculate the quantity of delta ferrite 
that is present using Delong's diagram. 

 
The delta ferrite can slowly change into Sigma's phase (Fe–Cr hard and noxious compound) 
during steel heating due to a long dwell time within the range 540 – 870°C. 

 
Sigma will  turn again into Delta above 955°C. 

 
It  can be predicated that fast heating to the solution treatment temperature does 
not allow transformation of the delta ferrite  which, after a sufficiently rapid heating, 
is still  present in the austenitic matrix.  

 
Problems incidental to the on– line treatment (AISI  series 4xx) 



The observations made about the residual stress for the AISI series 3 apply to ferritic steel 
annealing as well. 

 
In this case, since the temperatures in play are higher than standard (the operation is at 900 
°C ca), the treatment is still less effective. 

 
It  is possible but less probable that in the above-stated conditions the phenomenon of 
precipitation of hard intermetallic compounds (such as Laves' phases, Sigma's phase but 
not the carbides) occur in the case of highly alloyed ferritic steels (with titanium, 
molybdenum, niobium). 

 
The sole strong point of these precipitates is a better creep strength at a high temperature, yet 
corrosion strength worsens. 

 
As above 1,000°C all the undesired phases solubilise, the same solution treatment used for 
the austenitic steels can also hold for ferritic steels. 

 
The crystalline grains have no time to coarsen; there are some risks connected with 
cooling like for example the introduction of new stresses and a slight hardening effect 
(only for AISI  430 and 434). 

 
What are the results that can be expected from an on-line treatment? 

 
Performances that can be obtained from the traditional furnaces are definitely correct; 
they entail, however, high productions costs because of the various intermediate treatment 
handling needed. 

 
On-line process is, without a doubt, a primary need for tube manufacturers who are 
constantly searching for new technologies able to help them cut production costs. 

 
The biggest problem the producers of on-line installations have to tackle is to hold the 
process temperature for the necessary time to allow the material transformation. 

 
In this direction, Termomacchine has carried out positive tests acting on the tube heating 
temperature, which is higher than the standard, to shorten the dwell time. 

 
Increase in temperature offsets (in large part but not totally) shortening the dwell time 
according to the law that a rise in temperature of around 20°C can halve holding. 

 
It cannot be assumed that a considerable heating temperature rise can shorten holding to a 
minimum because other mechanisms intervene for which solution treatment is partial. 
 
Empirical trials allow defining how much carbide has remained and how they reduce 
ductility and corrosion strength. 



It  is correct to predicate that the results obtainable on-line are a good compromise in 
order to reach much lower production costs than those that can be obtained from 
chamber furnaces; as to quality, it is technically acceptable and well accepted by 
clients, even though such performances are not, as absolute quality, in line with the 
ones reachable from the traditional furnaces. 

 

 
 
Fig. 8 – Comparison between furnace treatment and on-line treatment. 

The black line shows the treatment called for in literature. 

The red line illustrates treatments that, because of too long dwell time or a too high 
temperature, result in coarse grain structures. 

 
The blue line is the induction heat treatment: the temperature is higher than that 
standard, holding is shorter. 



 
 

 
Fig. 9 – Cooling; the red line shows a wrong treatment. 

 
Termomacchine's on-line installation for "Clean Annealing" or "Bright  Annealing" of 
stainless steel tubes series 3 and 4 directly on the production line 

 
Phase 1 – Heating by electromagnetic induction heating 

 
Phase 2 – Process temperature stabilization 

 
Phase 3 - Cooling 



 
 

 
Many-faceted applications 

 
• “Black”  treatment without  controlled atmosphere 
• “Clean Annealing”  treatment with  nitrogen only 
• “Bright  Annealing”  with  nitrogen and hydrogen 
Stabilization sector with modular furnace 
Ceramic bushings for tube guide 
Modular construction 
Shortened set-up time 
User-friendliness / easier maintenance operations 
Cut down on running costs 
Greater safety factor for operators also considering the small quantity of gaseous 
mixture circulating 
Closed loop pyrometric control of the temperatures that characterize the heating cycle 
Feedback of temperature and power supplied by the heating equipment 
Ability  to certify the technological cycle 



 
 
 
 

 



 
 

Of a jam 

 
Ceramic Bushing Assembly 
 



 
 

Easy exchange 

 


