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Special features of breaking the welded connections of the ferritic steels
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1. Introduction

For the majority of materials utilized in welded
constructions characteristic is the combination of the base
and filler metal, when chemical composition of the weld
material is different from the basics. It is not so strong so
these metals belong to different structural classes. The re-
action of many metals to the welding cycle is such that the
zone near the weld becomes weak component of the
welded joint. In it the weakening of the base metal, notice-
able worsening in the viscous properties and appearance of
cracks both during the welding and after it [1] occur.

Resistance to corrosion of ferritic steels like grade
08X25T steel, etc. is not inferior to chrome-nickel austen-
itic steels and considerably exceeds them on the resistance
to corrosion cracking. The application of ferritic steels with
the usual content of C and N prevents the cases of brittle
failure in the welded joint zone (during manufacturing
process, transport and the operation) [1].

The class of high-chromium ferritic steels inclines
to the additional embrittlement under heating. Impact
toughness and plasticity of the metal in heat-affected zone
of welded joints approach to zero. It is impossible to avoid
intensive grain growth during fusion welding in these
steels. The coarsest grains are formed on the overheating
zone where the temperature reaches Ty,. The embrittlement
of the section near the weld expands to the layer, directly
adjoining the like of fusion and heated above 1000°C. Due
to refinement impossibility of the structure of ferritic steels
by the methods of heat working, the brittleness of their
welded joints is irreversible [1-11].

For the ductile fracture the multistage nature of
the process is characteristic, which includes the appearance
of times in the particles of the second phase, the formation
of cups as a result of growth and merging the adjacent mi-
crospaces around the times, plastic deformation of the ma-
terial around the microspaces and its break.

Reduction in temperature, passage from the state
of plane stress to the plane-deformed contributes to the
replacement of viscous mechanism of destruction by the
brittleness. The destruction of welded constructions more
often occurs on the welds; therefore the estimation of the
reliability of welded joints is very important [1-9].

Structural failure occurs most frequently, when
several unfavorable phenomena appear simultaneously.
For example, in the weld and the zone near the weld brittle
tempering structure was formed, and also there are micro-
scopic cracks and its destruction occurs with the large load
on this construction. Destruction can be rapid or slow.
Rapid destruction usually leads to emergencies. Slow de-
struction can be noticed and exploitation of the construc-
tion can be stopped without emergency. So for slow de-
struction to occur weld material must have high plasticity
and have no defects.

To avoid crack formation welding should be con-

ducted with the preheating up to 150 - 200°C. However,
preheating with the welding adversely affects plasticity of
the metal with the ferrite structure, so the rate of decrease
cooling and endurance duration increase are in the range of
temperatures, close to 475°C.

Basic difficulty during high-alloy ferritic steels
welding is its tendency toward the formation of cracks near
the weld and the zone of heating and cooling. Hot cracks
usually are of crystalic nature. They can be micro or seen.
The formation of hot cracks is usually connected to the
formation with welding of the coarse-grained microstruc-
ture of weld and the presence of shrinkage stresses.

When using austenitic electrodes and wires the
welded joints weld material of steels pure on the admix-
tures is characterized by high plasticity and impact tough-
ness. If for the welding uniform electrodes and wires with
the usual impurity content are used, then plasticity and
impact toughness of the metal are extremely low and any
requirements for these characteristics are not presented [1-
9].

2. Experimental

Grade 08X25T steel GOST 5632-72 (X8CrTi25
EN100027-1) relates to difficult welded. In the case of
manual welding a good plasticity of the weld must ensure
perlitic (brand P48M), ferritic (brand Cromarod 430) and
austenitic (brand Cromarod 310) electrodes. Before the
welding it is necessary to preheat up to 150-200°C and
subsequent heat treatment - leave at 600°C.

Materials for the realization of complex rese-
arches in metal science field were templets, which were cut
out from the welds of welded plates. A comparative meta-
lographics researches of a weld metal and metal of the heat
affected zone obtained by manual arc welding (111 EN
24063) of plates (200 x 100 x 6 mm) from grade 08X25T
steel, were done. Pearlitic electrodes P48M (EN 499 — E46
3 B4H10), austenitic electrodes Cromarod 310 (EN 1600-
97: E 25 20 R12), ferritic electrodes Cromarod 430 (EN
1600-97: E 25 R12) were applied. The welding was con-
ducted on a constant current of return polarity in one pass
by electrodes of the diameter 3.25 mm. The current of
welding was 110; 140; 160 A, voltage of an arch was 22 -
24 V. Welding was conducted without preheating and
subsequent heat working. Welding conditions of models
made from grade 08X25T steel are presented in Table 1.

The structure of a weld was investigated using
microscope LEICA MEF 4M and scanning microscope XL
30 ESEM, PHILIPS. Chemical composition was determi-
ned by microscope Spectro LAB 05 3/N 45/263. The che-
mical structure of the basic and weld materials is presented
in the Table 2, and chemical structure of weld — in the Ta-
ble 3.
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Table 1
Welding regimes during grade 08X25T steel welding by the different electrodes
Type of the elec- P48M Cromarod 430 Cromarod 310
trode
Designation of the 1A 1B 2A 2B 3A 3B
models
1 weld 110 A 110 A 110 A 110 A 110 A 110 A
2 weld 110 A 160 A 110 A 140 A 110 A 140 A
Table 2
Chemical structure of the basic and welding materials, %
Material C Mn Si Cr Ni Fe The note
08X25T 0.08 0.63 0.41 26.71 037 71.34 Ti=0.83
P48M 0.05 1.2-1.4 0.3-0.5 0.15 0.30 97.6-98.0 S=0.01
Cromarod 0.10 2.03.0 0.5-12 25.0-27.0 20.0-22.0 462-523 | Mo=0.1-05
Cr"f;gmd 0.10 0.3-0.5 0.7-1.0 24.0-25.0 0.10 73.3-74.8 $=0.01
Table 3
Chemical structure of welds, %
Material Electrode C Cr Ni Mn Si Fe
08X25T P48M 0.072 14.11 0.32 0.82 0.36 84.35
08X25T Cromarod 310 0.086 25.85 10.76 1.92 0.70 60.68
08X25T Cromarod 430 0.084 24.80 0.18 0.42 0.61 73.90
3. Results and analysis 2 _3
. . A
The comparative studies of microstructure of the 1 -
weld material and the zone near the weld were done. The
mechanism of destruction by a study also was determined.
The diagram of testing welding models is pre-
sented in Fig. 1. Possible diagrams of the formation of flex a b

cracking of model are presented in Fig. 2.
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Fig. 1 Diagram of testing the welding models: /, 3 - base-
metal, 2 - the weld

Connection breaking obtained by welding grade
08X25T steel by pearlitic P48M and by ferritic Cromarod
430 electrodes has quasi-brittle nature, according to the
type both in the middle of weld and the dilution zone
(Fig. 3). Connection breaking obtained by welding grade
08X25T steel by austenitic Cromarod 310 electrodes usu-
ally is viscous (with the separate starts of brittle).

Fig. 2 Possible formation of flex cracking of the model:
a - crack in the welde, b - crack in the heat-affected
zone; 1, 4 - base metal, 2 - weld, 3 - crack

Moreover when welding using copper electrodes
microscopic cracks in the base metal are observed, and
with the welding by ferritic Cromarod 430 electrodes in the
weld material (Fig. 4) breaking the welded connection it
became grade 08X25T steel by austenitic Cromarod 310
electrodes usually viscous (with the separate starts of brit-
tle) according to the type in the dilution zone.

The comparative researches of microstructure of
the weld metal and of the zone near to the weld were car-
ried out at welding of heat-resistant steels.

For reliability estimating of a welded connection it
is very important to know its strength and the character of a
possible destruction. Martensite has high hardness and du-
rability, also low plasticity. In the case of a martensitic
structure of a welded joint, and when the upper limit of
loading takes place, there can be fast fragile destruction. It
is especially dangerous at shock or variable loading. In this
case the reliability of a construction will be low and it can
be used only at static loading. An austenite has lower dura-
bility and high plasticity. At presence of an austenitic struc-



ture in a welded joint and when the upper limit of loading
is used, a slow (viscous) destruction takes place more of-
ten. The reliability of the construction in this case is much
higher, as the beginning of destruction can be noticed in
time and operation of the structure can be stopped without
accident. It was considered, that the longer destruction
takes, the reliability of it is higher.

Microstructures of the fusion zone and fracture-
grams of the surface of destroyed weld obtained by weld-
ing steels grade 08X25T steel using various electrodes are
presented in Figs. 3 - 6. Structure of the welded metal can
be determined using the Sheffler diagram taking average
values of Ni and Cr.

Nig, = of % Ni + 30%x (C + N) + 0.5% x Mn.
Cr,, = of % Cr+ % Mo + 1.5%x Si + 0.5%xNb

6]
2
At welding grade 08X25T steel by electrodes

P48M we have received Cr,, = 14.65%; Ni,, = 2.89%;
Crog / Nigy = 5.14; Croy + Nigy = 17.50% < 30%. The re-
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ceived data shows, that structure of the weld should be
martensitic-ferritic (under the Sheffler diagram, Fig. 7. —
martensitic -ferritic).

Table 4
Structure of a welded on metal
Crey/ Nigg | Crq + Ni, | Weld structure
<25 <30% martensitic structure
>2.5 <30% martensitic - ferritic structure
<25 > 30% ferritic structure
1.25-2.5 | >30% austenitic - ferritic structure
<125 > 30% austenitic structure

At welding grade 08X25T steel by electrodes
Cromarod 430 we have received Cr,, = 25.72%; Ni,, =
=2.95%; Cr.q / Niyy, = 8.84; Cr,y + Ni,y = 28.63% < 30%.
The received data shows, that structure of the weld should
be ferritic (under the Sheffler diagram, Fig. 7 — ferritic).

Fig. 3 Fracture the welded connections obtained during the welding of grade 08X25T steel by perlitic electrodes P48M (a,
mark size — 18 mm) and fracturegram (b) of breaking electrodes

Fig. 4 Dilution zone (a, mark size — 1 mm) and fracturegram (b) the welded connection in the heat-affected zone with the
welding of grade 08X25T steel by the ferrite electrodes Cromarod 430
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Fig. 5 The microstructure of weld metal (a, mark size — 1 mm) and the fracturegram of the weld (b) obtained during the
welding of grade 08X25T steel by the austenitic electrodes Cromarod 310
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£3 Fracture on the welded seam
9 Fracture in the dilution zone
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Fl Fracture on the welded seam
™ Fracture in the dilution zone

b

Fig. 6 Types of fracture of models made from grade 08X25T steel welded by electrodes P48M and Cromarod 430 (a) or

Cromarod 310 (b)

At welding grade 08X25T steel by electrodes
Cromarod 310 we have received Cr,, =26.90%; Ni,, =
=14.34%; Cr,, / Niyy = 1.88; Cr,q + Niyy = 41.20% > 30%.
The received data shows, that structure of the weld should
be austenitic-ferritic (under the Sheffler diagram, Fig. 7 —
austenitic-ferritic, with 15% ferrite).

In the dilution zone, and also in the zone of over-
lap of the rollers, the microscopic cracks sometimes are
observed with the presence of flux contaminations. When
there are no welding defects, microscopic cracks are not
observed.

When welding grade 08X25T steel with austenitic
Cromarod 310 electrodes the weld hardness is 190 -
195 HV, dilution zone — 165 - 170 HV, base metal — 200 -
210 HV. When welding grade 08X25T steel with ferrite
Cromarod 430 electrodes it is observed approximately the
identical hardness of the weld material and zone — 180 -
185 HV near the weld, dilution zone — 180 - 190 HV.
When welding grade 08X25T steel with pearlitic P48M
electrodes the weld hardness is 195 -220 HV, dilution

zone — 240 - 270 HV, base metal — 200 - 210 HV. In the
dilution zone, and also in the zone of overlap of the rollers,
microscopic cracks sometimes are observed with the pres-
ence of flux contaminations. When there are no welding
defects, microscopic cracks are not observed.

In Fig. 6 destruction frequency of the weld and in
the heat-affected zone is shown. From the figure one can
see that with the welding by ferrite and pearlitic electrodes
the fracture equally is observed both in the heat-affected
zone and on the weld. With the welding by austenitic elec-
trodes the fracture most frequently is observed in the heat-
affected zone.

Tables 5-7 shown the lengths of flex cracking of
the welded model made from grade 08X25T steel by dif-
ferent electrodes. It is established also, that the formation
of noticeable cracks (1 mm) begins with the angle of cur-
vature 30 - 45° for all types of the electrodes and it reaches
critical dimensions (4 - 5 mm) with the angle of 80 - 90°
for the ferrite and pearlitic electrodes; for the austenitic
electrodes — 100 - 120°.

Table 5
Length of crack and angle of curvature of the model
Designation of the 1A 1B
models
Angle of curvature 30° | 45° | 60° | 90° 120° 30° | 45° 60° 90° 120°
Length of crack, mm 1.5 |22 |35 |58 - 1.0 1.6 3.0 5.6 7.5
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Table 6
Length of crack and angle of curvature of the model
Designation of the 2A 2B
models
Angle of curvature 30° | 45° | 60° | 90° 120° 30° 45° 60° 90° 120°
Length of crack, mm - 1.1 |25 |50 7.2 - 1.3 2.5 4.8 7.0
Table 7
Length of crack and angle of curvature of the model
Designation of the 3A 3B
models
Angle of curvature 30° | 45° | 60° | 90° 120° 30° 45° 60° 90° 120°
Length of crack, mm - 1.0 2.0 | 338 6.0 - 1.1 2.2 4.5 6.3
32
28 /

o

% 24 /

b A

[

L.d"]

o 20 /

+

7+

O v i

o Is

e |y '

iy Z

- v

S M NV T

=&

I / RS /&\,

E Py \q \.ﬂ-fﬂ"

I\M"‘J‘_" / MEFe] }_._'_'_'_,_,_,-o-"" 3 - =
] o & 12 I 20 24 28 32 36 40

Crg= 200 + %alo + 71,5 x %oll + 05 x Salib

Fig. 7 Structures of weld metal on Sheffler diagram; / — structure of a weld at welding grade 08X25T steel by pearlitic
electrodes P48M; 2 — structure of a weld at welding grade 08X25T steel by austenitic Cromarod 310 electrodes;
3 — structure of a weld at welding grade 08X25T steel by ferritic Cromarod 430 electrode
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Fig. 8 The dependence of the length of crack on the angle
of curvature of welding models when welding by
grade 08X25T steel by the different electrodes: 7 -
P48M electrodes; 2 - Cromarod 430 electrodes; 3 -
Cromarod 310 electrodes

Fig. 8 shown the dependence of the curvature an-
gle of the model on the value of the crack generation. It is
established that crack length is the largest with the welding
by pearlitic and ferrite electrodes.

4. Conclusions

1. Destruction of the welds welded by austenitic
electrodes has viscous nature with the individual sections
of quasi-brittle destruction, and the welds welded by fer-
ritic and pearlitic electrodes — intermediate nature.

2. With the bend of the welded joint of grade
08X25T steel the destruction more frequently is observed
in the heat-affected zone and it is thinner in the weld itself.

3. The formation of noticeable cracks (1 mm) be-
gins with the angle of curvature 30 - 45° for all types of the
electrodes and it reaches critical dimensions (4 -5 mm)
with the angle of 80 - 90° for the ferrite and pearlitic elec-
trodes; for the austenitic electrodes — 100 - 120°.
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1. ViSniakas

FERITINIU PLIENU SUVIRINTUJU JUNGCIU
SUIRIMO YPATUMU TYRIMAS

Reziumé

Atlikti karsciui atsparaus (iki 1100°C) feritinés
klasés plieno 08X25T (X8CrTi25, EN 10028-2) jungciy,
suvirinty rankiniu lankiniu biidu (111 LST EN 24063) per-
litinés, feritinés ir austenitinés klasiy elektrodais, tyrimai.
Nustatyta, kad tiriamieji sujungimai dazniausiai suyra ter-
minio poveikio srityje, reCiau suyra pati sitilé. Jungtys su-
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virintos perlitinés klasés elektrodais, dazniausiai suyra
trapiai, reCiau suirimas biina tarpinio pobudzio. Austeniti-
niais elektrodais suvirinty jung€iy suirimas dazniausiai
biina plastikas, re¢iau — tarpinio pobiidzio.

I. Vishniakas

STUDY OF THE SPECIAL FEATURES OF BREAKING
THE WELDED CONNECTIONS OF THE FERRITIC
STEELS

Summary

Were investigated the special features of breaking
the welded joints of the high-temperature (oxidation-
resistant) (up to 1100°C) of the ferrite class of steel grade
08X25T steel (X8CrTi25, EN 10028-2) by the executed
manual arc welding (111 LST EN 24063) by the electrodes
of pearlitic, ferrite and austenitic classes. It is established
that in the joints being investigated destruction more fre-
quently is observed in the heat-affected zone and it is thin-
ner in the weld itself. Breaking of the welded connections
executed by the electrodes of pearlitic class more fre-
quently had brittle character, is thinner intermediate.
Breaking the welded connections executed by austenitic
electrodes more frequently had plastic nature, thinner -
intermediate.

W. Bumnskac

HNCCIEAOBAHHME OCOBEVHHOCTEI\/'I PA3PYILIEHUA
CBAPHBIX COEJIMHEHNU ®EPPUTHBIX CTAJIEN

Pes3wome

HccnenoBanuch 0COOCHHOCTH pa3pyLIeHUs] CBap-
HBIX coenuHeHui sxkapocToiikoi (1o 1100°C) depputHOro
knacca cramu 08X25T (X8CrTi25, EN 10028-2), BbImon-
HEHHBIX pydHOU myroBoi cBapkod (111 LST EN 24063)
JNEKTPOJIAMU MEPIUTHOTO, (DEPPUTHOTO M aAyCTEHUTHOTO
KJIacCOB. Y CTaHOBJICHO, YTO B MCCIIEyEMBIX COCIMHEHHSX
paspylieHne dyamie HaOJronasach B 30HE TEPMHUYECKOTO
BIIMSIHUS M PEeXe B caMoM IBe. Pa3pylieHne cBapHBIX CO-
€/IMHCHUH, BBITIOJIHEHHBIX  AJIEKTPOJAMHU  IMEPIUTHOTO
KJlacca, Jalie UMeJIo XPYINKHH XapakTep, peke MpoMexy-
TOYHBINH. PaspylieHue CBapHBIX COCIMHEHUH, BBIMOIHEH-
HBIX aYCTEHUTHBIMHU 3JIEKTPOJAMH, Yallle MMENO IUIACTHU-
YECKHUI XapaKTep, peKe — IPOMEKYTOUHBIH.
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