problens of Materials Processing and Joining

- Hrivnak‘

The recent developmenbs in metallurgy result 1in
nev type of steels with excellenh toughness and
higher strengths- The application of thermome~
chanical rolling and/or accelerated cooling
makes posslble further 1mprovements in steel
quality- Vvhen velding very clean high strength
strucbural steels a deterioration of toughness
can take place in the underbead zone due to
grain coarsening and transformation embrittle-
ment. The prittle fracture tests like CTOD can
reveal also the ef fect of local prittle zone -
There are severél mechanisms of local embritt-
1ement. namely in multipass velds- The main
amongd them is connected vith the grain coarse-
ning-

Modern sbructural steels have improved veldabi-
1ity. in qeneral. They are more suitable for

app\lcahion of advanced velding processes -

The main motivation for the remarkable developmenh of never
steels and other structural materials is the demand of industry
for materials able Lo support high service stresses and to with-
stand prittle failure under extreme 1oading condition- The need
arises therefore for high strength steels. The vay to enhance the
strength of steel produced by convenblonal rolling or normallzxng

LreabmenL is by increasind alloy elements. Higher strength and to

DepartmenL of Material Sscience Faculty © Metal lurgy

Techn\cal university KoZice. Czechoslovakla
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some extent also an improvemenc of toughness is impaired by quen-
ching and tempering.- Thermomechanical controlled process CTMCP) .
has become remarkably advanced using accelerated coaling and
direct quenching- In TMCP. pre—rollinq is carried out as in the
case of normal rollind. possibly at some wvhat lover temperatures
and finish rolling at substantially lover temperatures. which
permit 1ittle if any recrystallization of the austenite. TMCP
therefore allows to compensate the 1overed carbon content by
precipihation hardening and grain ref inement. vhile the accelera-
ted cooling allows to control the final microstructural transfor-

mations.

Improved quality of modern steels arises also from the treatment
of the liquid metal and in conducting the solidlflcation. Desili-
conization can be carried out by pbrasting of iron oxide on hot
l1iquid metal in runner vhile desulphurization is supported by
mechanical stirring of hot metal in ladle. dephosphorizationvby
lov phosphorous BOF slag and final desulphurizatlon and inclusion
shape control by 1ntroduction of processes vhich lead to TiN
precipitates smaller than 0.05 um and small particles of Ca 0.5
and REM 0.S) (Rare earth metals) . The TiN precipitates. complex
precipitabes of REM-B. TiN—MnS—Feza(CB)s and Ti-oxides are also
adopted as nucleation sites for ferrite and bainite inside the

coarse austenite grains.

As it wvas mentioned TiN particles are used to inhibit austenite
grains from coarsening- However. TlN-precipltates dissolve at
highest sub-solidus temperatures and therefore the inhibition
effect of these particles is wveak. More suitable from this
point of view are the particles of Ca €0.S5). or REM (0.5). The
amounts of Ca and REM are usually limited to 50 ppm SO that the
precipitates are conhrolled wvithin 2-3 pm in size and act as

inhibitors.-
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Concerning the precipitates as nucleation sites of ferrite
Ti-oxide is more effective than complex ones of TiN and Ti-B in

the coarse—gralned region af fected over 1400 ©C.

Modern mettallurqical processes are improving steel veldablility.
Lovering the carbon content in the steel and reducing the amount
of alloying elements 1ike Cr. Mo. reduces also the crackability
of the steel during velding. But there are still problems to get
satisfactory toughness at.  low temperatures in some areas of

velds.-

Cold _cracking

Cold cracks or hydrogen induced cracks or delayed cracks are
cracks 1in veld metal oOrT HAZ (heat af fected zone) which are
forming in the final stage of wveld production or after the wvelds
have been complebed. In general, the view is accepted that. cold

cracks are caused by the mutual action of three factors., viz:

- The presence of hydrogen in the veld.
- The presence of a microstructure sensitive to hydrogen.

- The presence of tensile (contractlue) residual stresses.-

The hydrogen initially introduced and dissolved in the weld metal
tends suddenly to diffuse through the bond face to the HAZ vhen
the Lransformation f rom austenite to ferrite or hard decompo~
sition structure takes place. vhile the HAZ is still in austenite

state.-

The avoidance of cold cracks is very important. and many attempts
vere described [1—6] to specific the cold cracking behaviour of
steel by a suitable parameter 1ike carbon equivalenb. Carbon
equivalent formulae (CE) vere derived for 2@ number of purposes.

as hardenabillty. cold cracking sensitivity oOr evaluation of
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service praperties for which a correlation is expected with the
hardness. like sulphide stress carraosion cracking- It is gene-

rally accepted that the wvell known 11V CE

_ Mn Cr + Mo + V Ni + Cu
CEIIW =C+g 2 r =1

may be used for carbon steels having more than 0.18 % c, or in
the case of large heat inputs, in wvhich the ts/s cooling time is

longer than about 12 s- The Ito and Bessyo [1] pPcy formula

Sig_q_;.ﬁu;—c—iﬁl*iqy_
PCM =C + 3 + o) + 20 Y15 * 10 + 58

may be prefered for lover carbon content steels and in the case

of rapid cooling. tass 1€SS than 6 S- The yurioka [3.5] formula

=z

CEN=C+A(C>(§—};+%5+%%+

|

1. Cr+Mo+Nb+V 5 8)

s

~
ol

vhere R(CY = 0.75 + 0.25 tanh [ 20 (C—0.12)] gives good evalua~
tion for structural steels- To avoid cold cracking measures must
be taken 1ike to use the proper preheahinq or to controll the
amount of hydrogen in veld. The necessary preheatind temperature
can be either calculated or determined on the bases of cold
cracking tests. The occurence of hard decomposition microstruc-
ture is one of the most important factors in hydrogen cracking-
However the susceptibility to crackind is influenced also by
local concentrabion of hydrogen and l1ocal stress state.
prediction of the local state of hydrogen and stress in wveld is
very difficult. Even there are some models for calculating of the
hydrogen behaviour in welds and necessary preheating temperature.
it is practlcal to use methods based on empirical data. Most of
the methods are based on the results of cold cracking tests with
consideration of carbon equivalenb of steel. veld metal hydrogen
content. plate thickness and heat. input.. An example of the
critical preheabing temperature determlnahion for butt wvelds made

of properly dried basic electrodes for steels vith various CEN
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values 15 shown in Fig-1 [5]. gwer and Hohne [7] made the

following proposal for calculatlon the preheating Lemperahure:
¢ (O¢) = 700 CET + 160 tan h 35 * 62 o028

+ (53 CET - 32) Q - 330
_ Mn+Mo Ccr+Cu , NL
wvhere CET = C + 710 T + 30
4 is the plate thickness (mm>
Hp is the amount of the diffusable hydrogen cin cm3 710 92
Q is the veld heat input CkJ /mmnd

The effect of HAZ microstructure expressed by the hardness of HAZ
vas evaluated by Hart and Harrison [6]. Combining the result of
CTS. bead-on—p\abe and implant tests (for the average value of
HD = 10 ml /100 g) they supposed the max imum admissible hardness
(from the point of viev of cold crackinq) as

Mn

. Mo, VMO
gy = 283.3 + 668.1 c+55 5t )

and the corresponding critical cool ing time

= 3.7 = (C + %ﬂ + % %

LH8 ) - 031

&z

tg/s (crit)

yith modern structural steels produced by TMP in which the
content of carbon and other alloying elements is reduced
drastical\y. the transformation f—vd.in the HAZ starts earlier as
the same transformation in veld netal . Thab's why cold cracking
is not sO much an incident affecting the steel HAZ but a danger
for the wveld metal. Therefore selections for the veld consumables

need a greater attention.
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Lanelar tearing

High transient or residual tensile stress developed during
velding in direction perpendicular to the surface may cause
tearind vithin the steel.‘This tearindg is usually assoctated wvith
sulphide or oxide inclusions in the steel . The sensitivihy to
tearing may be 1ncreased py the presence of hydrogen. The

princlpal factors affecting 1amellar tearind are

- plasticity properties of steel plate in the bhrouqh-thlck—
ness direction;
- mode of velding and parameters used;

= construction of the velded node-

The most important role in preventing tearing is played py the
cleanliness of steel. inclusion (sulphide) surface. put also by
oxide clusters. vhich may help to depress steel ductilihy in the
through thickness direction- Modern struchurel steels. exhibiting
high mehallurqical cleanliness are less prene to delamination-
Sulphide—shhpe control js also an avoiding treabment in preven-

ting lamellar tearing-

Toughness Eroggrties in the heah—affectgd zone

The Lransformation embribblement with the grain coarsening is an
very importanb feature wvhen evaluahinq fracture toughness of HARZ
and are dependent to a great extent on wvelding conditions. in

particular. heat input-

In most of the shrucbural steels the grain start to coarsen wvhen
the temperature is exceedind ~ 1150 oC. Mlcroalloyed steels are
more resishanh to grain coarseningd. ap to 7 1350 °C- But above
this temperabure the grains start to coarsen very rapidly- The

coarsenlnq is lnhlbited by dissolubion of second phase particles
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to grain coarsen\nq. There{ore the \nLroducLion of second phase

parn\c\es into thell microstructure is essenbia\.

Dur\nq Lhe cno\&ng per&od of the ue\dinq cyc\e coarse ausben\te

ach\eue adeqaute Louqhness propertSes. it 1S necessary to make

some \imstab\on concerning the ue\d heat inpuL. LoV heab inpuh

reduces vhe dve\\ pime in uhich the uuderbead zone is kept

niah Lemperabures and consequenb\y also reduces the giath of the
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content of austenite is considerably higher (even above the
eutectoid one). the Ms temperature is decreasing and the marten-
site laths exhibite internal twinning. Fig.3 shows the occurence
of M-A constituent in the simulated underbead zone oOf HT 80 QT
steel. The presence of retained austenite in M-A constituent is
considered very harmfull fOF the toughness. Its volume fraction
increases vith increasing cooling time., tss1s as a consequence
of carbon enrichment resulting from the increment of diffusion
time. and usually is close to 2-6 %. According to Ikava et al.
[8] retained austenite promotes initiation and propagation of the

fracture.

still wvery much is discussed the role of precipitates on the
veldability and toughness of velds.

vell known and vell understood is the effect of precipitates in
the base metal of microalloyed steels. Addition of small portion
of Al; Ti. Nb, V ‘ to steel makes possible to get finer grains.
Further on nitrides or carbonitrides combine the interstitial
nitrogen making so the steel less sensitive to ageing. A small
excess of Al and Ti above the stechiometric values of nitrides is
normally required to neutralize all free nitrogen in the wveld
metal, because oxidation of these elements and the formation of
non-metallic inclusions reduces their free solute concentrations.
Small precipitates (Fig.4) can also contribute to the strength of
the steel. 'Anyhov’precipitation hardening has concenquences in

precipitation embrittlement.

Local brittle zone

In multipass velds, the microstructure of the HAZ formed by the
first pass may be changed by the subsequent veld passes. The
coarse grained structure of underbead zone may be tempered by the

second thermal cycle. If the steel is sensitive to stress
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relieving embrittlenent caused by segregation of some impurity
elements (P. S. Sb. As..-.-) at prior grain boundaries. LBZ at
this zone can be detected by CTOD tests. If the maximum tempera-
ture of the second velding cycle exceeds Aci (intercribically
reheated coarse grained zone) . a preclpltation of bainite
(troostite) island at these boundaries causes an other type of

embrittlement (LBZ).

So the LBZ in multipass veld can have various forms:

- coarsening of grains in underbead zone

_ transformation emhrittlement in this zone (martensite)’

- the occurence of M-A constituent in granullar bainite.
wvhen using mild velding cycles;

= preclpltation of bainite (troostite) islands in inter-
crytically reheated coarse grained zone ]

- stress relieving embritt\ement in subcritlcally reheated
coarse grained zone ;

- and. finally. recrystalllzatlon of underbead zone which

results in ferrite microstructure (Fig.5)-

The LBZ is more sensitive in the CTOD evaluation tests. The
jovering of the CTOD value belov 0.05 mm 1is observed if the LBZ

is only 0.5 mm in size.

gonclusiong

By introducing never and advanced velding processes materials and
steels which are difficult to weld can be velded easily. It is
therefore necessary to study the veldability of such steels. The
use of computers and microprocessors make possible to keep the
welding parameters very precisely. Therefore opbimizatlon of

wvelding parameters is needed.
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In spite of the achievements in metallurgy never and novel steels
and stpuctural materials are put on the market. In these steels
strength is enhanced through the refinement of ferrite and
bainite structures without increasing chemical compasition; TMCP

enables the reduction ef CE in comparison with normalizing.

Attention is paid in particular. to the structures that are used
at low temperatures or are dynamically loaded. In these
structures brittle or fatique cracking can initiate at localized

areas of welds.

Literature:

1. Ito,Y.. Bessyo.K.: Weldability formula of high strength steels.
Doc. IIV-IX-576-68

2. de Meester.B.: Velding in the world, 1990. 28. No.3/4. p.48-54
3. Yurioka.N. et al.: Metal Construction, April. 1987 .p-217R-223R
4. Terasaki.T. et al.: Chemical composition and wvelding procedure
to avoid cold cracking. Proc. of the Int.Conf. JOoM-2, Helsin-
gor, April 15-18, 1984, p.381-386
5. Yurioka.N.: Weldability of modern high strength steels. Proc.
N
of the First Japan - US symposium on Advances in Velding Meta-

llurgy. Yokohama, June 12-13, 1990, p.27-58

6. Hart.P., Harrison,P.: Compositional parameters for HAZ Crac-

king and Hardening in CMn Steels. Doc. IIV-IX-1440-86

7. Uwer.D.. Hohne.H.: Characterization of the cold cracking beha-

viour of steels during welding. Doc. IIV-IX-1630-91
8. Ikawa.H. et al.: J. of Welding (Japan). 7. 1977. p.396

9. Rauch.R., Schiitz H.: Advantages of TM-Steels in Welding Fabri-
cation. Doc. IIV-IX-1647-91.

56



ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

Re2 35S NIimml

|
TMATI) |
(20ppm S \
e

L00

ol

g

A CGHAZ
¢ ICHAZ

D]&» Type of LEZ @ IRCGHAZ
. \A

E 0 = wle:
¢ &
g
= =
Q. .
T ;200
s
- 0. %
Q -
= §
(&)
S 0.
z 100
S

® 20 kl/cm
= L0 kJ/em
a5 kilem

,0 0 0.2 0.4 05 68 1012 14
Maximum size of LEZ (IRCGHAZ, CGHAZ = T 20 ) +20
or ICHAZ) at precrack tip, mm Test temperature, T
Fig. 2. The impact transition

Fig. 1. petermination of the curves of the underbead zone
critical preheating temperature of TMP 355 MPa yield strength
for putt welds with various CEN steel in dependence to weld
values [5]. heat input [9] @

Fig. 3. The M-A constituent 1n underbead zone of HT 80 steel .

This foil. Transmission electron microscope€ -
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