Mirostaw Lomozik

[@)ev-ne |

Differences in Structural Transformations of Supercooled
Austenite Exemplified in Selected CCT-W Diagrams
(for Welding Conditions) and CCT Diagrams for Heat

Treatment Conditions

Abstract: The article presents differences in the character of thermal cycle changes
in welding conditions compared with the cycle of a traditional heat treatment, dis-
cusses the essence of austenite transformations in steels in welding conditions com-
pared with heat treatment conditions, presents test results in the form of CTT-W
diagrams (i.e. for welding conditions) for X10CrMoVNb9-1 (T/P91), X10CrW-
MoVNDb9-2 (T/P92), X12CrCoWVNb12-2-2 (VM12-SHC), 7CrMoVTiB10-10
(P24), 10CrMo9-10 and S355]R grade structural steels and compares CTT-W
diagrams with CCT diagrams for typical heat treatment conditions.
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Introduction

Structural transformations in solid-state steels
during cooling are phenomena taking place in
specific thermal conditions and, to put it simply,
consist in the transformation of a component
called austenite into other phases and structur-
al components, e.g. ferrite, pearlite, bainite and
martensite. Structural transformations not only
change the microstructure of steels but also
modify their mechanical and plastic properties.
Structural transformations of austenite, tak-
ing place in solid-state steels exposed to condi-
tions of welding thermal cycles, are of crucial
importance to the quality of welded structures
made today. Designing modern steel structures
and developing technologies for the welding of
such structures require increasingly comprehen-
sive and detailed knowledge about the properties

of structural materials and of steel in particular.
The usability of given steel results from its met-
allurgical, structural and technological weldabil-
ity. Investigations of structural transformations
constitute the basis of steel weldability tests.

The experience of Instytut Spawalnictwa,
Gliwice, concerned with tests involving struc-
tural transformations in steels, is significant
and demonstrated in a unique work (atlas) en-
titled “CCT-W Diagrams of Austenite Trans-
formations” [1], written by researchers of
Instytut Spawalnictwa, published in 1983 (Fig.
1) and being the only Polish publication of
this kind. The appearance of new steels grades
combined with increasingly high demands for
welded joints entails the necessity of updat-
ing knowledge related to structural transfor-
mations in steels.
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Fig. 1. Atlas of welding diagrams of austenite structural
transformations prepared by research workers of Instytut
Spawalnictwa in Gliwice [1]

Essence of Austenite Transformations
in Steels in Welding Conditions

in Comparison with Heat Treatment
Conditions

One of the primary characteristics of steels in-
dispensable for determining steel weldability
for a given joining technique is the values of
critical temperatures, i.e. the temperature at the
beginning and at the end of structural transfor-
mations of austenite in solid-state steels during
heating and cooling.

X10CrMoVND9-1 (T/P91) - chemical element content in % by weight

Welding conditions, due to the high dynam-
ics and rate of heating and cooling processes as
well as due to maximum temperature values,
differ significantly from equilibrium conditions.

Quantitative data related to the dependence
of types of phases, components of microstruc-
ture and steel properties on the temperature and
time of austenite structural transformations are
presented in diagrams designated as TTT dia-
grams, i.e. Time — Temperature — Transforma-
tion. Depending on the manner of cooling, TTT
diagrams are divided into the following:

— TTT, - for isothermal cooling,
— CCT - for continuous cooling.

In English language publications, diagrams
for heat treatment conditions Time — Temper-
ature — Transformation for continuous cooling
are designated as CCT - Continuous Cooling
Transformation. Isothermal cooling is a cooling
process where at a specific moment of a cool-
ing phase, the value of temperature is stabilised
(maintained) as long as it is necessary for steel
being cooled to undergo structural transforma-
tions possible in given conditions.

CCT diagrams are mainly used when de-

termining the microstructure
and hardness of steel, e.g. dur-
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Fig. 2. Comparison of the CCT-W diagram [2] with the CCT diagram [3]

for X10CrMoVNDb9-1 (T/P91) steel
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The process of heat treatment
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is composed of three different stages, i.e. heat- the HAZz, and particularly near the fusion line,
ing, holding (at a desired temperature) and temperatures easily reach approximately 1300
cooling. All these stages are slow and stable in - 1400°c, or even the melting points of steels.
order to provide a workpiece with the great- For this reason, it must be assumed that during

est safety in terms of stresses,
strains and cracks. Holding is X10CrWMoVND9-2 (T/P92) - chemical element content in % by weight
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mum thermal cycle tempera- Fig. 3. Comparison of the CCT-W diagram [2] with the CCT diagram [3] for
ture is immediately followed by X10CrWMoVNb9-2 (T/P92) steel

the cooling phase. Therefore, it
can be stated that the holding
stage is almost non-existent.
Another significant differ-
ence between the classical
heat treatment and the weld-
ing process is the maximum
temperature of a thermal cy-
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In turn, during welding, in X12CrCoWVNb12-2-2 (VM12-SHC) steel

No. 5/2015 BIULETYN INSTYTUTU SPAWALNICTWA 21



http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/

[@)ov-ne |

welding, maximum temperatures present in
the joint HAZ areas are several hundred de-
grees Celsius higher than maximum temper-
atures reached during typical heat treatment
operations.

7CrMoVTiB10-10 (T/P24) - chemical element content in % by weight
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Fig. 5. Comparison of the CCT-W diagram [2] with the CCT diagram [4] for
7CrMoVTiB10-10 (T/P24) steel
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Fig. 6. Comparison of the CCT-W diagram [2] with the CCT diagram [5] for
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It should be noted that multilayer welding is
accompanied by overlapping and interaction of
two or more thermal cycles. As a result, par-
tially melted zones of the welded joint HAZ ar-
eas can undergo cyclically repeated structural

transformations depending on
how many times the temper-
ature A, has been exceeded.
Due to the differences de-
scribed above, austenite struc-
tural transformations during
the welding of steel are present-
ed in diagrams Time - Tem-
perature — Transformation
with Continuous Cooling for
Welding conditions designated
as CCT-W. CCT-W diagrams
are an important source of in-
formation about the effect of
welding thermal cycles on the
microstructure and properties
of welded steels and, for this
reason, are useful when devel-
oping welding technologies.
Welding thermal cycle pa-
rameters, i.e. maximum tem-
perature T, and cooling time
ty,s, affect the microstructure of
steel welded. Cooling time tg;
represents the cooling time of
the HAZ area of a welded joint
within the temperature range
of 800 to 500°c. CCT-W di-
agrams are constructed after
determining initial and final
temperature values (critical
temperatures) of individual
solid-state austenite structural
transformations. In turn, val-
ues of critical temperatures
are determined on the basis of
the testing methodology used,
i.e. on the basis of measure-
ments of three quantities char-
acterising physical phenomena
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$355JR - chemical element content in % by weight
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Comparison of CCT-W
Diagrams with CCT
Diagrams for Selected
Structural Steels

Temperature, °C

The comparison of CcT-w di-
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agrams with Cct diagrams
involved the use of several ex-
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emplary structural steels in-

tended for operation at higher

temperatures, i.e. steels used
in the power industry:

- X10CrMoVND9-1 (T/P91), X10Cr-
WDMo-VNb9-2 (T/P92) and X12Cr-
CoWVNDI12-2-2 (VM12-SHC) grade steels
of martensitic microstructure,

— 7CrMoVTiB10-10 (T/P24) grade steel of
bainitic microstructure,

— 10CrMo9-10 grade steel (equivalent to 10H2M
grade Polish steel) of ferritic martensitic mi-
crostructure and S355]JR grade steel of ferri-
tic-pearlitic structure; the latter steel is often
used when making various welded structures.

Comparisons of diagrams of austenite structural

transformations in steels in welding conditions

(Cct-w) with Cct diagrams for heat treatment

conditions are presented in Figures 2-7; sym-
bols used in the diagrams: M — martensite, B -
bainite, F - ferrite and P - pearlite.

The CrT diagrams and the CtT diagrams for
welding conditions presented in Figures 2-7 re-
veal a significant resemblance as regards the
general character of the curves and structur-
al areas present in the diagrams. In turn, visi-
ble differences are connected with positions of
the curves in relation to the temperature axis.
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Fig. 7. Comparison of the CCT-W diagram [2] with the CCT diagram [6] for

S355]R steel

Generally, in welding conditions, structur-
al transformations of austenite in solid-state
steels take place in wider temperature ranges,
i.e. starting at a higher temperature and end-
ing at a lower temperature, if compared with
heat treatment conditions. The differences are
primarily ascribed to various values of steel
austenitisation temperatures (higher temper-
atures for welding conditions), various values
of austenitisation times (for welding conditions
this time is less than one second, whereas for
heat treatment conditions this time exceeds ten
minutes), various cooling times, various steel
cooling conditions as well as various chemical
compositions (within a given steel grade), for
which the compared transformation diagrams
were made.

Summary

Due to the differences in the CTT diagrams
and the CTT diagrams for welding conditions
presented in the previous section, when de-
signing a welding technology, and particularly
when defining the preheating temperature of
joints before welding, as well as when defining
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designing welded structures and welding tech- ;3R international’, Heft 7, 2008.

nologies makes it possible to avoid technologi- [4] Bendick W., Gabrel J., Hahn B., Vanden-
cal errors and limit the risk of crack formation berghe B.: New low alloy heat resistant fer-
in structures containing welded joints. ritic steels T/P23 and T/P24 for power plant

application. International Journal of Pres-
sure Vessels and Piping, 2007, no. 84,
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