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Solutiontreatment(austeniticsteelsseries3)

The objectof the treatment

* The heattreatmentto make thesteelstructure unifornprovides more intergranulate
corrosionstrengththanin anon-treatedmaterial, especiallyin correspondenceith
the welds.
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Fig. 1 — Tensilestresstest
To determinematerialductility a steeltestpieceis putthroughthe tensiletest(A).

Throughloading (vertical arrows)the testpiecelengthensandits crosssectionreduces and
it formsnecking(B).

In the caseof steel, whichbecomes brittlelueto cold working, crackingof the testpiece
follows thatwill presentcuttingandsharpedges (C).

If the materialis put throughthe solutiontreatmentthe test piecebreaksif largerloads are
applied;the surfacefractureis filamentous(D).



Fig. 2 - AlISI steelseries3 structure after gradual elongationdueto pulling stress
(corresponddo point A of fig. 1).

Fig. 3 —AlSI series3 steelstructure put through the tensiletest(corresponddo pointB of
figure 1).

The progressivenhorizontal stretchof the crystalline grains that bucklefrom a plastic point
of viewand slide one on the other should be noted.



Fig. 4 - AISI steelseries3 steelstructure put through a tensiletest(correspondsto point
B of figure 1 - a different view).

The presenceof various slip planesinducestension stressesiside the piecethat will be
work-hardened.

The solution treatmentis aimedat restoring a structure with small, uniform equi-axial
grains.

Recrystallizationannealing (ferritic steelsseries4)

The objectof the treatment

» Heattreatmenteliminatesstructuralstresseand makesit possibleto obtain a
pliable andsoftenedmaterial.



Fig. 5 - AISI 430steelsubjectto cold working and work-hardened.
The baseof the figure is 450 micron long.

To be noted: the stretchedand oriented crystalsvhich are separatefrom the slip planes.



Fig. 6 - AISI 430steelrecrystallizedat 800°C,watercooling.

Basalsideis 100 micron; notethe well-formedcrystalswithout preferential orientation.
Solutiontreatmentof austeniticsteels

Recrystallizationannealing of ferritic steels

List of ASTM referencespecifications

A 249: Austeniticsteelweldedtubesfor boilers,superheaterdjeatexchangersand
capacitors

A 268: Weldlesstubesandferritic stainlesssteelweldsfor generaluse
A 269: Weldlesstubesandausteniticstainlesssteelweldsfor generaluse

A 270: Sanitaryweldlesstubes(for the food industry)andausteniticstainlesssteel
welds

A 312: Weldlesstubesandausteniticstainlesssteelwelds

A 791: Ferritic stainlesssteelweldedtubesnot subjectto annealing



DIN 17457 Austeniticstainlesssteelroundweldedtubesfor specificrequirements-
supplytechnicalconditions

Solutiontreatmentof austeniticsteels
Technologicalparameters

Temperature

Temperaturesangebetween950°Cand1,200°C;in our casethe rangeis betweenl,050 to
1,100°C

Temperature stabilization
Temperatures heldfor about3-5 minuteseach for2.5 mm thick material.

Temperatures to be aslow as possiblewithin the tolerancerange:the increaseof the
temperatureand dwell time makesthe crystallinegrain coarser andowers thelevel of
tubedeformation.

Fig. 7— Comparisonbetweenra fine grain structure obtainedfrom heatingwithin the set
temperaturerange and a coarsegrain structure with spoilageof the mechanical
properties.

Cooling

Watercooling (for thicknesse®f somemillimetres)or blown gas(for lower thicknesses
wherethereis risk of deformation)is to be rapidto keep thecarbidesn solution.

Which gasis to be usedfor cooling?
o Air

Since hot oxidation above 900°C is important, air utilization will result in the
formation of a scaleof oxides; the speedat which of the oxide layer forms is
proportionalto the oxygen concentration.



* Nitrogen

Usingnitrogenresults in thédormationof nitrides(theiramount increasesith increased
temperature).

» Hydrogen

This gasmakesit possibleto obtainbright annealingout it will be necessaryo take some
safetyprecautiong4—74%hydrogenmixturein air is explosive).

Recrystallizationannealing of ferritic steels
Technologicalparameters

Temperature

Temperaturesangebetween750°Cand 790°C(870-900°Cfor AlISI 409); above850°C itis
produceda coarsegrain structureis producedndsteelsbecomebrittle.

Temperature stabilization

Work temperatures heldaboutl-1.5minutefor eachmillimetre of materialthickness.

Cooling

Water cooling (for thicknessesf somemillimetres) or blown gas(for lower thicknesses
wherethereis risk of deformation)is to berapidto maintainthe carbidesn solution.

Which gasis to be usedfor cooling?
* Air
Air can be usedith theformationof anoxide layerthat iseasilyremoved bypickling.
Nitrogen
In this casetemperaturesrelow; thereis no nitride formation.
Problemsincidental to the on-line treatment(AlS| series3xx)
Preliminary

If the tube shouldbe producedfor forming a solution heatedand laserweldedstrip, the
problemof solubilisingthe carbidesprecipitatedduringwelding doesnot subsistthe use of
the laserinvolves fastheatingand cooling that avoids structuraltransformationboth in the
weld beadandin the contiguouszone.



In any case, it is necessaty eliminatethe strainhardeningthe specificationDIN 17457
calls for heatingat a temperatureabove 1,040°Gvhereit would be possibleto havethe
productcertified.

Problems

Graduatedheatingwith ashortdwell time at350-450°C(stresgelief) to partially relievethe
material'selasticstresseso preventthe product deformation.

The worktemperaturemust be highto offset the short time at theéiolding temperature;
however, thidgs not enougtio eliminatestressesompletely.

It is possibleto determinetheresidualstresspercentagaftertreatmenty usingthe
Larson—Miller'sequation:

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

“T” is thetemperaturen degreeRankine

“t” isthestaytimein hours
Referencecurvesusedareavailablefrom literature.

Example:for AISI 347 holding of 4” at 1,100°Cimplies residualstressesquivalentto
20%

Delta Ferrite

Presenceof deltaferrite in the weld beadin a quantity of 3—-8% (measurableprevents hot
cracksfrom forming; theseform during cooling of the steelto around980°C.

The deltaferrite forms during hot forging above1,100°Cor during welding of stainless
steelssuchasfor exampleAlSI 309S,310S, 314.

Consideringthe steel compositionit will be possibleto calculatethe quantity of delta ferrite
thatis presentusingDelong'sdiagram.

Thedeltaferrite canslowly changento Sigma'sphase(Fe—Crhardandnoxious compound)
duringsteelheatingdueto a long dwell time withintherange540- 870°C.

Sigmawill turn againinto Deltaabove955°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 presentin the austenitic matrix.

Problemsincidental to the on-line treatment(AISI series4xx)



The observationsnadeaboutthe residualstressfor the AISI series3 apply to ferriticsteel
annealing as well.

In this case,sincethe temperaturesn play are higherthanstandardthe operations at900
°C ca),thetreatments still lesseffective.

It is possiblebut lessprobable thatin the above-statedonditionsthe phenomenomwf
precipitationof hard intermetalliccompoundgsuchas Laves' phases, Sigmaghasebut
not the carbides)occur in the case of highly alloyed ferritic steels (with titanium,
molybdenumpniobium).

The solestrongpoint of theseprecipitates is bettercreepstrengthat a high temperatureyet
corrosionstrengthworsens.

As abovel,000°Call the undesiredphasessolubilise,the samesolutiontreatmentused for
the austeniticsteelscanalsohold forferritic steels.

The crystallinegrains haveno time to coarsen;there are somerisks connectedwith
cooling like for examplethe introduction of new stressesnd a slight hardening effect
(only for AISI 430and 434).

What are the resultsthat can be expectedrom an on-line treatment?

Performanceghat can be obtained from the traditional furnacesare definitely correct;
they entail, however, high productions costs becausef the various ntermedatetreatment
handlingneeded.

On-line processis, without a doubt, a primary need for tube manufacturerswho are
constantlysearchingor newtechnologiesableto helpthemcut productiorcosts.

The biggestproblemthe producersof on-line installationshaveto tackleis to hold the
procesgemperaturdor the necessaryime to allow the materialtransformation.

In this direction, Termomacchirteascarriedout positivetestsactingon the tubeheating
temperaturewhich is higherthanthe standardo shortenthe dwell time.

Increasdn temperatureffsets(in largepartbut not totally) shortening the dwell time
accordingto thelaw thatarisein temperaturef around20°C canhalve holding.

It cannotbe assumedhat a considerabléeatingtemperatureise canshortenholdingto a
minimum becausethermechanismsntervenefor which solutiontreatments patrtial.

Empirical trials allow defining howmuch carbidehasremainedand how they reduce
ductility andcorrosionstrength.



It is correct to predicatethat the results obtainable on-line are a good compromisein
order to reach much lower production coststhan those that can be obtained from
chamber furnaces; as to quality, it is technically acceptableand well accepted by
clients, eventhough such performancesare not, as absolutequality, in line with the
onesreachablefrom the traditional furnaces.

Fig. 8 — Comparisonbetweerfurnace treatmentand on-line treatment.

The black line showsthe treatmentcalled forin literature.

The red line illustrates treatmentghat, becauseof too long dwell timeor a too high
temperature result in coarsegrain structures.

The blueline is the induction heattreatment:the temperatureis higher than that
standard,holding is shorter.



Fig. 9 — Cooling; the red line showsa wrong treatment.

Termomacchine'son-line installation for "Clean Annealing” or "Bright Annealing" of
stainlesssteeltubesseries3 and 4 directlyon the productionline

Phasel — Heating by electromagnetianduction heating
Phase2 — Processemperaturestabilization

Phase3 - Cooling



Many-faceted applications

« “Black” treatment without controlled atmosphere

* “Clean Annealing” treatment with nitrogen only

* “Bright Annealing” with nitrogen and hydrogen

Stabilizationsectorwith modularfurnace

Ceramicbushingsfor tubeguide

Modularconstruction

Shortenedset-uptime

User-friendlinesg easiermaintenanc®perations

Cutdownon runningcosts

Greatersafetyfactor for operatorsalso consideringthe small quantity of gaseous
mixture circulating

Closedloop pyrometriccontrol of thetemperatureshatcharacterizeéhe heatingcycle
Feedbaclof temperaturendpowersuppliedby the heatingequipment

Ability to certify thetechnologicakycle
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Ceramic Bushing Assembly



Easy exchange



