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PHYSICO-METALLURGICAL ASPECTS OF WELDABILITY OF STEELS

1. Introduction

When evaluating weldability of steels we are going
out from the requirement that welded joint is to be defect
free and its utility properties should meet those roquired
in the process of its exploatation.

Welded joint defect freedom is therefore the first
quality requirement. Here, before all the absence of techno-
logical defects as lack of penetration, alag inclusions,
pores and bubbles are meant.

To the most importent defeets belong eracks. Cracks or miere~
~cracks cen arise in the process of welded joint fabrication
/hot end cold cracks, micro hot tearing and lamellar cracking/
or during heat treatment »f welded joints /annealing ecracks/.
Though, in principle, it is possible to determine the welding
conditions under which no eracks or miero—-cracks occcur
/pre~heating, interpass temperature, filler materisl, ape~
cific heat input.../, such process would not be economically
viable.

For this reason during the last years, on the basis of linear
fractures mechanics knowledge the pressnce of such defects in
weld metal is ndmissible dimensions of which are sub-critical
end which ~ with respect to the stesl’s properties-do not ey nt
danger of defact propagation up to ~. the critical size *
in the process of welded joint exploitation.

As regards the requirements on welded joint propertises,

they can be widely varied depending on the medium in which



the welded joint will operate.B.g. for dynasmically loaded
constructions be most impuitant are fatigue properties inclu~
aing lowcyclic fatigue. Steels worif?h corrosion mediuvm must
show very good corrosion resistance of welded joints. Steels
used in powsr industry must have good ereep properties of weld-
ed joéints and good structural stability.

Of course, the welded joint properties will depend on
physico~petallurgical changes eceurring in the welded joint zone
and on composition, production method, and heat treatment of
steel alternating these changes.

To these physico-metallurgical cihenges the following
belong:

- structural changes connected with polymorphy,

- substructural changes,

- precipitation changes,

- deformation processes /change in configuration and dislo-
cation density/,

= changes in impurities distribution /sulphides, oxides.../.

The effect of chemical composition on waldability of steels

It is impoasible to present s generally valid aneslysis
of the chemical composition effect, as the effect of indivi-
dual elemeni:s can in various steel types be different. Nitro-
gen, for example. In case of mild steels its erfect is very
negative, as it increases the steel’s susceptibility to
aging. There exist, however, a whole group of steels /with
vanadium or aluminium, the so-called "IN process"/ in which

the nitrogen content is deliberately increased.
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Similarly, in high strength and particularly refined
asteels the sffect of nitrogen is not dominant.
Generalizing, it can be said that the effect of chemical
composition on weldability of steels can be expressed by
parametric relations:

The bast known of them is the carbon squividlent
cea /1/ relations: ‘

Ceq =C + @g + QE:%Q:! + !litgg

This formula tekes intoaccount also the affect of base
chemical composition of steel, while it is supposed that
the content of impurities end gases in the steel is kept
within a eertain tolerance. For plate thicknesses up to
20 mm and carbon equivalent values up to 0.40% no limiting
conditions of weldability of steels are necessary, i.e.
neither pre~heating nor limiting of heat input volume are
necessary. It is probable that for carbon equivalent valuea
ranging from 0.48 to 0.60%%he pre~heatihg temperatures up
to 150°C should be used. The carbon equivalent value indica~
tes the level of tranformation embrittlement in the heat
affected /under-bead/ zone. The V; critical cooling rate
of 300 °C at which in the under-bead zone purely martensitic
structure forms can according to Maynier /2/ be expreased
as follows: log V; = 3.00 - /4.620C + 1.05 Mn + 0.54Ni +
+ 0.50Cr + 0.66Mo/ “C/s ,
where C, Mn ... are weight percentages ¢f individual elements

in the stezl,
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If actuel cooling rate VR is lower than critical one
heterogeneous mixture of disintugration phases creates in
the under~bead zone,

Aecording to the welding method and parameters two
types of disintegration structure can occur in heat affected
zone viz. ferrito-pearlitic and bainitic.
Ito e.a. /3/ tried to characterize the contribution of in-
dividual elements to hardening of under-bead zone with both
kinds of reaction. To this purpose the DIc and D;p hardening
indices Tor .both structure iypes were introduced. It was
found that at ferrito-pearilitc structure the DIc hardening
index dependé on grain size. The coarser is grain the higher
is DIC index, as it depends on carbon content only. E.g. for
grain size 1 according to ASTM DIG = 0,548%xC and for grain
size 10 it is only 0.266xC. If the under-bead zone structure
is formed by the upper bainite, then the Dpo = 0.494xC anda
does not depend on grain size.
Consequently, in case of mild un~-alloyed steels, where either
ferrito-pearlitic or upper bainitic structure can occur in
the under-bead zone, hardening of zone depends exclusively
on carbon content and steel’s sugceptibility to primary grains
growth.

When the ;ower~bainitic reaction prevails, the hardening
index according to /3/ can be expressed as follows:

Dip = 0.5 %C /1+40,64%Si/ /1+4,102Mn/ /1+2,83%p/ A~0,62%5/.
«/1+2,33%Cr/ /1+0,528Ni/ /1+3,14%M0/ /1+0,27Cu/.
«/141,5 /0,90-1%C/ %B/ .

.
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As evident from the above expression, at bainitic reaction
the HAZ hardening is affected by a whole group of ateel’s
chemical composition elements. The DIc and DIB hardening
indices can be taken as alternatives of carbon equivalentis:
they indicete weldability of ateel indireetly only.
Ito e.a. /3/ introduced therefore for structural changes in
under—~bead zone the s¢ celled corrected PBA and Pp, expres~
sions.
1. If in this zone martensite and lower bainite prevail, then
Pgy = C- =% Cu-f- Ni - -fp Mo+ 45
2. If upper bainite and ferrite ere craated, then
Pop = C+ ~}5 Mn + = Cu + =}5 €r + ~}3 40 - {5 M

Now, the relation between PBA or PBB and the expected transi-
tion notch toughnesa temperature /ChV/ can be obtained:
Transition temperature /°C/ ~40 ~20 %0 +20 +40
Py, velue ~0,2 =0,08 + 0,07 +0,20 +0,32
PBB value 40,12 +0,18 40,23 +0,30 +0,37
For the group of refined high strength steels Sato e.a. /4/
introduced the carbon equivalent values representing notch
toughness /ChV/ at 0°C /caq- /BvEo/ /and at -40 °C /ceq /BVE_,4,

Coq. (BVE0)=#C + -1- 355 + -1 sun + Lo gws - -1 qor + -1 myo -
Qe 53 85 36 210 11

- $-wve Qa4 5,158,
- 10 4q: , 10 :
ch. (BVE_40)- %C - -71 281 + -gz PMn -~ 1-17; INi + T'Ug %0 ~
- rig Mo - <} W+ B 21 41,79
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Ito e.n. /3/ expressed the transition temperature /ChV/ in
submerged-arc welded joints with heat input of 55 kJ/em as
follows:

Tog 7°C/ = =70+290(%C) +28(Mn) +46(%Cu) +25(%Cr) +23{%o)
-6(%Ni)

0f course, the validity of all above given relations
is limited to those steels or welding technologies for which
they were derived. Anyway, with their help the effect of
chemical composition of steel on its weldability can be
determined.

The effect of steel production method on its weldability

Under the term "steel production method” thé type .and’'.
espacity of furance in which steel is melted, way and kinetics
of deoxidation and weight of ingots are understood. Way of
melting can affect the content of impurities and gases in the
steel.

The deoxidation kinetics influences to a great extent
the quality of sulphide inclusions, particularly in case of
Ti sand Nb micro-alloyed steels.

In consatruction steels the major content on sulphur is
bound to manganesé. The melting tewperature of [ -MnS is

ighsr than the temporature of steel solidus, sulphidic
inclusions do not therefore dissolve in heat affected zone
even at higher affecting temperatures /Fig. 1/. However, if
the inclusions are partially bound in form of titanium or nio-

bium sulphides or if MnS is alloyed with some further elements,
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thnen the melting temperature of sulphide can diop deep
below the solidue temperaturs /5/. Such sulphide inclusions
dissolve in a part of HAZ and sulphur concentrates in primary
grains boundary zones /Fig. 2/. In thia way at the temperatu-
res sbove the sulphide melting point thin film of melted metal
creates, what decreases the cohesion between individual grains.
Under tensile streas the graing can sepsrate, i.e. micro hot
tearing can occur, or the unhomogeneities can o&kgie hand
propagate to weld metal and on the oiher hand to a part of
HAZ in form of lamellar fissuring. Low sulphides melting point
can result in formation of cracks in welded joint. The unfa-
vourable effect of sulphides is observed not only in case
of micro-alloyed steels but everywhere where the AlTi combina
tion is used as the last stage of melt deoxidation. This com-
bination can be particularly dangerous for the welded joint
quality in case of alloyed /e.ge 3¢5 % Ni/ steels where melt
solidifies as austenite, rightly of peritektic reaction. This
kind of solidification prefers dendritic segregation. Though
the steel deoxidation by AlTi combination is very advantageous
from the metallurgical viewpoint, it mey unfavourably affect
the weldability of steel.

In production of not only micro~alloyed steels plates ever
more often uni-directional rolling is used. In this case the
deformable sulphides elongate to fibres long up to | or 2 mm,
this unfavourably affecting not only the properties of plate
in cross direction but aleo the steel’s susceptibility to la-

mellar tearing at welding. To transform the manganese sulphides
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to globulsr oxisulphides which are more difficult to roll
it is suitable to add to the mould or pan small amount of
any element from the group of lanthemides or zirconium.

It has ben mentioned already how important is the
sulphides inclusions melting point for the evaluation of
weldability of steel. The dismdvantage of niobium or tita=
nium sulphides is that when they are melted and concentrate
in the primary grains boundary zone the concentration of
alloying elements in this zone increaeses and, consequently,
during cooling down /solidification/ these formations preci-
pitate not only as dendritic sulphides but also as niobium or
titanium sulpho-nitrides. As the niobium or titanium nitrides or
carbo-nitrides precipitate as a thin film of thickness often
less than 100 X, the unfavourable effect of sulphide to
cohesior strength of grain boundaries is multiplied. Typical
morphology of niobium sulpho=-nitride in the over~heated zone
of HAZ is shown in Figs 3a and 3b.

J. The effect of rolling and heat treatment manner on the
weldability of steel

In the production of plates of fine-grained and particular—
ly micro-alloyed steels special Tolling &nd cooling precedu-
res are often used, these being referred to as controlled rol. -
ling or controlled cooling. The aim of such a procedure is
to obtein the optimum properties of plates. When Nb, V or
Ti are used as micro-alloying elements, the controlled rolling
enables to decresse carbon content in steel and, through its

partial binding to the alloying elements, to decrease also
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the content of pearlite. In accordance with it there exist
ateels with reduced pearlite content and even pearlite-free
steels. Weldability of sucih steels is good also due to the
fact that their heat affected zone width is smaller than that
of conventional steels.

The same is valid also for heat treatment. Heat treatment
irrespective whether homogenization, normalization or stress
relieving are concérned, homogenize the properties of plates.
The application of heat treatment in the temperature range
AI‘AB improves e.g. weldebility of steel at electrosleg
welding /1/. In some cases, however, heat treatment can indu~
cé%leo unfavourable effects. At welding of refined steels much
trouble is often caused Ly "softening” of the zone heat to
the temperature range Al-A3 through the effect of troostite
precipitation - see Fig. 4.

Structural changes in the welded joint zone conriected with
polymorphism

Welding of structural eteels is, before all, determined
by the l*:ggnd particularcﬁsixransformation during welding.
As, in addition to maximum affecting temperature, the manner
of austenite disintegration is affected also by cooling rate,
for individual steels the diagrams of continuous sustenite
disintegration under conditions of welding are plotted;
Therefore,instead of cooling rate of disintegration time
interval more often the transformation temperatures are

plotted depending on the cooling time between the temperatures
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of 800 to 500 °C, or cooling rate at the temperature of

300 °‘C. These disintegration diagrama differ from classical
ones as at disintegration the conditions of austenite homo-
genization /temperature gradient in HAZ/ are not given, and
disintegration tekes place in the zone with unequel primsry
grain size and under the existence of stress gradients.

These gradients not only stabilize the residual austenite,

.but increase slso the carbon concentration in it /3/.

One of the methods enabling to determine weldability of steel
is the plotting of austenite disintegration diagram "in situ”
in the welded joint zone. Another method of imiteting the
thermal-strain welding cycle under precisely defined condi-
tions is e.g. on the Japanese apparatus Thermorestor-W /Fuji
Ind. Electronic/. In Fig. 5 a record of the so-called strain-
less cycle characteristic for the over-heated part of HAZ

is shown, indicating in addition to the temperature curves slso
the transformation points. Final /' . mechanical properties

of specimens with imitated cycle helps us to choose such welding
parameters which are optimum for welding of a given steel.

i Struetural changes, particularly those of high-strength
steels, are most often the mein cause of crack formation in
welded joints. The analyses results show that 90 per cent

of cracks in welded joints are cold cracks. Apart of the
procesczes leading to forration of martensite,the susceptibility
of steel to cold cracka formation is given by the amount

of diffusion hydrogen in weld metel and by the solidificetion

intensity K of a weldment.
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The crack occurence can be prevented not only by the change
of welding parameters and decrease of diffusion hydrogen
content, but also by the choice of correct pre-heating end
post-heating temperatures, or welded joint anealing respective=
ly.

In experiments evaluating the susceptibility of steels
to cold or hot cracks fermation the cracking tests are used.
Some of these tests are plotted in correlation diasgrams.
E.g. Ito and Bessyo /8/ give the so-called cracking parameter

co+-Bi 4 Mo Cu  Ni Cr Mo, ¥ i, K
Pc'0+-§0+20+20+30+20+15+10+5B+30+’40.103/%/

where C, Si, Mn -.... are weight percentages of individusal
elements in steel,

He oo+ o o 1is the amount of diffusion hydrogen in
ml/100g of weld metal,

K = g85 ~.... is solidification intensity factor
/kgf/mm.mn/, which for butt joints can
be expressed by help of plate thickness
e /om/.

The necessary pre-heating temperature is then calculated
from the relation: '

T/¢/ =1.400 x B, - 392

In more detail, this method of determining the pre~heating
temperature is discussed in /9/.
Precipitation processes and their effect on weldability of
steel, At welding of mild, micro-~alloyed or low-alloyed steel
precipitation is significantly affected.
Two etageec,%recipitution procesacs can be discussed,.viz.
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during heating and during cooling down.
Though the changes in distribution ~nd density of aisloca-
tions through deformation welding cycle will be discussed
later, it must be mentioned here that the level of precipitation
in the welded joint zone is affected nzt only by thermal but
also by deformation welding cycle.

In zone heat affected below the temperature of Al marks
of aging are most often encountered. As shown by statistic
survey of VUZ-2S weldability tests on mild rimmed or semi-
killed steels, aging can bea a limiting factor at welding
of these steels. Aging is before all a process of redistribu-
tion of interstitic atoms of nitrogen and carbon /10/ at which
precipitation of J& nitride or £ carbonide cccurs.

In welded joint zone the conditions for aging in zone heat
affected by the temperatures ranging from 300 to 400 °C.
which in over-saturated solid solution can induce precipitation
of £ -phase are given. This effect is observable during heat-
ing of HAZ. At the temperatures below Al, on the contrary, due
to the effects of rapid cooling in cooling period of welding
heat curve, over-saturated solid solution /C+N/ can form in
A Fe. Together with welding strain cycle this phenomenon can in-
duce the symptoms of strain aging. Such aging is more pronoun-
ced when multi-layer welds are used, the effects of individual
thermal-strain cycles being here superposed

Though today much Inowledge on aging is piled up and
we know elready how to produce mild steel resistant to aging,

anyway from time to time some weldability problems connected
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with this procese occur in indusiry.

The gymptoms of aging in weld metal should be considered
in another way. In some cases /e.g. the "IN" process with
inereased Al content or vanadium~nitrogen steels/ nitrogen
content in steel is deliberately increased up te the limit of ii-
maximum solubility in Fe /0.1%/. Through the effect of spe-
cific rolling conditions or heat treatment all nitrogen in steel
is bound as gluminium nitride or vanadium carbonitride,
this giving the steel good strength and plastic properties.
In certain part of HAZ heated above the temperature of 1270
to 1300 °C these precipitates, however, begin to solve and
the loosened interstitic nitrogen can cause aging of relevant

part of a welded joint. Still more unfavoursble consequence cr

this process impose on weld metal properties. Weld metal is
more or less formed by mixed in base metal /10 to 60 %/.This
permits nitrogen to enter into weld metal ceusing pore forma-
tion and even aging.

In superheated part of HAZ practically all precipitates
contained in steel are dissolved. The only problem whieh can
arise as a consequence of this effeet at welding of misro-
~alloyed steels is over~saturation of primery grains bounda-
ries with micro~alloying elements /Ti, Nb, V/ and precipita-
tion of MX thin films on these boundaries during cooling
down. Much more dangerous is the formation of sulpho-nitrides
of alloying elements, but this problem wes already discussed

above.
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If, however, higher amounts /0.1 to 0.15%/ of micro=
alloying elements /e.g. Ti, V, Nb, Mo/ are used, the Ti
Nb, V loosened . from the dissolved cerbides can increase
the hardenability of steel, i.e. prefer the herder disintegrati-
phases of acicular morphologies and increase the hardness value:
in under-bead zone.

Micro-alloying elements cna cause some problems also
in weld metal which - as wes already said above - is always
formed also by mixed-in base metal. While such micro-alloying
alements as Ti, Zr, Al can either partislly or completely
burn in weld metal, others /Nb, V/ remain in weld metal with
all negative effects.

The first negative effect can be that on homogeneity of
weld metal /formation of hot cracks or micro-cracks/. At
welding of micro-alloy steels on the surfaces of opened hot
cracks or micro-~cracks the presence of thin TiX or NbX films
is observed. The second negative effect is precipitation of
very disperae NbC particles on dislocations which inereases
the steel’s brittleness /weld metal transition temperature/.
Therefore, the Nb content in steels intended for weldirg
should be limited to max. 0.04%. In other case, when the
unfavourable effect of Nb in weld metal is to be eliminated,
alloying filler materisl /molybdenum or nicekl should be
used.

Precipitation processes themwgelves /Sy dees
homogeneous precipitation are observed in welded joint zone

very seldom. Such a cese is observable with multi-leyer
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welds at welding of vanadium steels or as en effect of
segregation at welding of low-alloyed steels. In the first
case precipitation of very disperse VX particles in under-bead
zone or in some parts of weld metel is concerned which incre-
ases heterogencity of wellded joint zone /particularly herdness
peaks which often cannot be eliminated even by stiress relief
heat treatment/. The second case can lead tc crack fornation
in weld metal. In Fig. 6 an electroslag weld hot crack surfa-
ce /CrMoV steel/ is shown, metallurgical cause of crack forma-
tion being here molybdenum segregation and precipitation of
Mo,C.

Though the precipitation processes do not take piace
during the welding process itself, they cannot be separated
from the. mechenism of annealing cracks formation. In under-~
-bead zone or in weld metal at welding of CrMoV ateels ol
higher thicknesses favourable conditions for formation over-
saturated soluticns are given. Precipitates are dissolved.
During streas reliel annealing precipitation of disperse VC
in ferritic grainn takes place simultanecusly. This precipits-
tion together with molybdenum substituted s0lid solution caus-
es that atress relief goes through 7. creeping on grain
boundaries. When deformstional ability of grain boundaries is
exheusted, cavities formation takes place and under the
existence of tensile stresses these cavities propagate to
& network of inter-crystalline cracks - see e.g. Fig. 7

of flux weld metal.



The analysis resulta of annealing cracks formation at weld-
ing of CrMoV steels permitted Ito and Nakemnishi /12/ to
determine a formula for the Pep parameter

Psp =%Cr +¥Cu +2%Mo +1 0%V +T%Nb +5%Ti ~ 2

which characterizes the susceptibility of steel to formatior
of annealing cracks. If PSRﬁ?O, steel is suscepiible to forma-
tion of such cracks.
Evaluation of the effect of deformation welding cycle

It is generally known that the width of zone erlfecled
by deformaticn welding cycle is several times larger than
the width of heat affected zone, while at multi-layer welds
individual deformation cycles can unfavourably interfere.

Deformetion welding cycle causes that &ging in the zone
below 4, has a character of deformation aging. We ere of the
opinion that the deformation welding cycle affects mostly the
changes in HAZ below Al or in the temperature range Al-A3
respectively, but it does not affect structural properties
in the zone heeted above the temperature of A3. Deformation
welding cycle may, however, be the main cause ofuhomogenei-~
ties ranging from hot cracke and micro fissures through lamellar
tearing up to cold cracking. Unfavourable configuration of
dislocations, incresse of their density, and particulerly
polygonization processes can effect negatively the plastirit -

of welded jnint zone.
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Conclusion
When weldability of steels is evalueted from the view -

point of physico-metallurgical changes, then it can be

stated that the whole set of welded joint properties and
beheviour of steel during welding can be interpreted

from the changes taking place in structure and substructuie o.
the steel. Knowledge of these chenges have therefore great im~
portarce at feed back, i.e. such intervention to steel produc-
tion, its chemicel composition or welding parameters which

would eliminate their unfavourable effect.



Captions

Figs 1. Trangition zone at welding of wmild steel.
Sulphides do not dissolve up to the solidus tempeiature.
250 X.

Fig. 2. Transition zone with dissolved sulphides and
formation of hoi micro-figsures « 250%.

Fig. 3+ Niobium sulpho-nitrides in Nb-micro-alloyed steel
after over~heating to 1350°C:

a/ extraction carbon replica,

b/ scanning microscope.

Fig. 4. Troostite precipitaetion in Al-A3 heat affected
zone at welding of refined steel. 250X.

Fige. 5. Temperature, deformation and stress records
/readings/ at simulation of welding thermal cycle on
Thermorestor - W apparatus.

Fig. 6. Hot crack surface with Hozc precipitates.
Extraction carbon replica.

Fig. 7. Annealing cracks in submerged-arc weld metal in

CrMoV steel. 250X.
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FILLER ALLOYS FPOR BRAZING IN POWER INDUSTRIES

In current as well as nuclear power industries,
in case of fabricating comporents or equipments, in
many cases, due to operative or metallurgical reasons
the brazing process is to replace welding, On the re-
levant brazing alloys high demands are made, N>t only
the joints are to be of good carrying capacity at ele-
vated service temperature, they must moreover prove to
sustain oxidizing and corrosive environment. Such re-
quirements are not met with current brass or silver
filler alloys. Suitable are the so called "high tem~
perature brazing sclders" on base of nickel, The brazed
Joint strengta is besides the solder and/or parent me~
tal quality, the kind and conditions of the brazing
process itself, influenced also by type and dimensi-
ons of the joint /1/.

The present contribution will point at the sepa-
rate qualities and characieristic features of nickel
based solders which presently are the mostly used,

Also some brief remarks concerning the relevant brazing

method will be given.

The development of nickel base solders has begun
some 15 - 20 years ago in the USA and Great Britain

first in the : izecraft industry /2/. Recently their ap-
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plication has propagated over further industrial coun-
tries /3, 4/.

Tab. 1 tabulates characteristic features as well
as designation of solders to Nicrobraze Wall Colmonoy
nad Dewrance Metals companies,

The characteristic feature of the nickel base
solders 1B their powder from of 0,01 to 0.03 prepared
sizes, They are however used in frm of paste mixed
with organic base bonding agent coated on cardboard by
means oé&lue. These solders are substantially less ex-
pensive than silver solders.

In Pig. 1 some types of solders are compared from
the point of their brazing properties, mechanical
strength and resistance to oxidation.

The boren alloyed solders are not suitable for
nuclear reactors as boron shows & considerable absorb-
tion capability for neutrons as well as elevated diffu-
sion and solubility towards parent metal. Solders of
this category, however,are of high strength an? are

- suitable namely in case of heavy sections. The solder
micrography depends on the gap width, With gaps lesser
than 0.06 mm the solder structure camsists of solid so-
lution-Fig. 2, commected with improved mechanical pro-
perties namely at elevated temperatures - up to 104 hrs.
exposition /6/. Brazed joints show even a good oxida-

tion resistence /5/ and good fatigme properties /6/.
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To be able to apply these solders for joining
gaps of more than 0.05 mm, alloys of lower B and Si
content, eventually with W or Cn addition are to be cho-
sen.

Solders with addition of phosphorus dispase cf the
lowest brazing temperature, Due to their low diffusion
capability and/or mutual solubility with parent metal
they are suitable above all for joints in thin sheets,

With solders with Mn addition no high oxidatvion
resistance, nor elevated creep strength in the joint car
be expected. Also these solders are suitable for thin
sheets. This f£iller metal can be fabricated in form of
wire or foil.

The newest types of solders are based on in - Cu -
-~ i - Cc. They are suitable for brazing wider gaps
/up to 1,5 mm/., The joinis show good toughness, however
their applicability in case of elevated temperatures is
not so good as with nickel base solders, These are ap-
plied for service temperatures up to 800°C. In the pre-
sent time solders are being developed for hisher scr-

vice temperature - approx. 1100%cC,

With respect to the relatively high melting point
of the mickel base solders it is mostly suitablc To braze
in farnace with hydrogen reduction atmosphere of -40%c
to ~75°C dew point, or in 10"32a to 10~%Pa vacuum, ac-
cording to parent metal. With boron alloyed solders,

cracked armonia cannot be used as it combincz to H253
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preventing the brazing process. Mn alloyed solders cane
not be vacuum hrazed. The joined materials containing
more than 0.5 % Ti, or Al when brazed in reduting atmos-
phere shall be provided on the brazed faces with a 5 to
30 # m nickel layer as the arised surfacial oxides can-

not be reduced by hydrogen.

Conclusion

The nickel base solders are cf good brazing proper-
ties and are cheeper than the silver ones, Their merit
lays in the fa.t that their remelting temperature is
150°C to 200°C higher than the original brazing tempe-
rature., For that reason these sclders are used in power
industry for brazing various components and products
as heat exchangers, pressure vessels, pipings etec. /7,
8/ made in heat-resisting and creep-resisting steels,
stainless steel, Ni, Mo, W, Ta and their alloys.

Captions

Pig, 1. Brazing as well as chemical propertics of sol-
ders and mechanical features of brazed joints
made in 18/8 stainless steel, in dependcnce
on the solder guality,

a/ - flushing ¢ the solder /mu%/

b/ = capilarity of the solder /mm/

e/ - shear strength of lap joint at - 20°C
/thickness of base metal 2 mm, 6 mm lap/
/MPa/




a/ -

-25 v

like ¢/ at «600°C

e/ ~ shear strength of a step joint at -20°¢

f/ - oxidation of solder at -600°C after 2000

Fig., 2. Microstructure of a brazed joint in 18/8 austen-

hrs /+nmg/.

it steel - VUZ ¥iCrlOFeSiB-solder

a/ -

b/ -

with 0.04 mm gap the braze metal consiis
of solid solution of 231 HVM herdness.
Magn, 300x

with 0.09 mm gap in the mld part of the
Joint eutecticum is present showing C51
to 1000 HVM hardness and elevated Cr and
Si content. Magn, 300x.

The braze metal is bordered by narrow
bands «f separated carbides contacted by

precipitates along grain boundaries.

Table 1. Characteristic data of nickel - base solders

1 -
2 -

Basic chemical composition /%/
working temperature /°C/

brazing atmosphere

resistance to oxidation /°¢/

brazing atmosphere: A ~ dry hydrogen,
B - vacuum, C - cracked ammonium, D -

- exoterm., atmosphere
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ELECIRODES FOR SLLNUAL WELDING IN POWER ENGINELIIHG

The strained energy balancc in the world leads to
a permanent cndayour aiter the improvement of service
efficiency and economy of power enzineering equipment,
One of the ways in which higher efficiency of stcam power
stations is cnsured, is the increuse of par:meicrs /tom-
perabure and pressure/ of the overheated steam on which
this equipment zuns., It can be said that with power en-
gincering equipment made of carbon steel the possibili-
ty of further increasing of parameters and thus of impro-
ving the efficiency are already exhausted, Similar situ-
ation is also with low-alloy creep-resistant steels whe-
re oreeé&esistunco is attained by using such elcuents
which inerease the sirength of ferritc or, possibly,
fu@nmusmmthkmeﬂWIM%.dehyﬂ@
els - with various grades of alloying - cover the explo-~
itation range between 450 to 580°¢C.

Purther possibilities of increasing the parancters
above 580°C are offered by high-alloy steels, in which
the increased crecn resistance is attained throush so-
1id solution hardcning either by substitution or inter-
stition, The effecet of some elements on yield point
increase through solid solution hardening ol austenitic
stecls is shown in Fig. 1 /1/,

The mentioned groups of sicel cammot be used for
fabrication of power engineering equipment unless a su-

itable welding method is devised for their joininp. From
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among the existing welding technologies - due to very
good technological properties and wide assortment of
suitable electrodes - manual arc welding with coated
electrodes is thought to be the most suitable.

When proposing chemical compositions of weld metals,
a whole complcx of problems occurring at welding mst
be considered. From the viewpoint of the claims for lo~
ading capacity, short - anégong—term properties of wel-
ded joint, it would be ide;l if the joint were a homo-~
geneous part of the construction with the same proper-
ties in all its cross sectlons as are those of base me~
tal. Such claims, however, cannot be met and it is 2 per-
manent endegrour of welders to approach this idcal as
closc as possible. A decisive factor, which makes the
difference between base and weld metal still more pro-
nounced, is the fact that wcld metal is of cast struc-
ture which is never subjected to further mechanical
treatment and only seldom to heat treatment.

With electrodes for welding of low-alloy croep-re-
sistant steels, one bf the decisive requirements is that
chemical composition of weld metal is as close to che-
mical composition of base metal as possible. This scve-
re requirement is affected by diffusion processes at ser-
vice temporatures as a result of weld/base metal dissi-
milarity. Specifically, the migration of carbon on the
fusion line causes the decrease of long-term strength

and pléstieity of welded joints., This phenomenon mani-
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fests already at small differences in alloying of weld
metals by carbide~forming elements. A further important
requirement is a proper balance between the alloying e-
lements and the carbon content, For example, according
to Sobotka /2/ the structural stability of CrMoV weld
metals was found acceptable only at Mo content up to

0.5 %4. At higher Mo contents the deerease in creep re-
sistance of weld metal was found, as a result of carbi-
dic reactions acceleration which led to precipitation
of MGC carbide. The presence of coarse particlcs of this
carbide both weakens the grain boundaries and de-stabi-
lizes the dispersion phase of vanadium carbide, this ma-
nifesting in weld metal dispersion hardening dGecrease,

Main difference between chemical composition of
base metal and weld metal of corresponding quality con-
gists in lower caxbon content in weld metal as compared
to C content in base metal. Carbon in consumables always
brings about insurmountable diffioulties. In weld metals,
it increases the content of brittle martensite and thus
decreases the plastic propertics and increases the
susceptibility to brittle failure.

When carbon content in weld metal of low-alloy e-
lectrodes 1s decreascd, while the other alloying ele-
ments are constant and the same as in base meval, com-
parable creep resistance of weld metal is not obtained,
Lower values of weld metal creep resistance are said to

be due to precipitation hardening decrease.
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In catalogues of world producers of coated clectro-

des for welding of low-alloy creep-resistant steels we
meet with electrodes chemical compositions of which cor~
respond to commercially available steels except for lo-
wer carbon content. Generalizing,these electrode:-depen~
ding on the supposed service conditions ~ are Mo, loCr,
MoCrV alloyed or - in some cases - the effect of lo is
partly substituted by W.

In service, we mect with electrodes giving weld
metals of ¢he following chermical compositions:

type I -~ 0.5 % Mo

type II - 0.5 % Cr, 0.5 % Mo

type III - 0.5 % Or, 0.5 % Ho. 0,25 » V
type IV - 1 % Cr, 0.5 % Mo
type V- 1.75 % Cr, 1 % Mo

type VI =~ 2.25 % Cr, 1 % Mo

type VII -~ 5 % Cr, 0.5 % Mo

As far as electrode coatings are concerned, in ma-
jority of cases the low~alloy electrodes have basic coa-
tings, This type of coating ensures the increased deaxi~
dation of weld metal, while thé content of non-metallic
inclusions and of hydrogen is low. Fig. 2 /3/ shows the
allotment of consumables production for individual methods
of welding loﬁglloy creep-resistant steels in Czechoslo~
vakia, Smwall portion of wires for automatic welding indi-
cates serious problems with mechanization of welding work

in this field. The ¥igure shows also a marhed portion of
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basic electrodes, while acid electrodes represent only
a very suall volune.

The difficulties encountered at welding ef boiler
and over-heater tubes with bhasic electredes, directed
our research work into the field of rutile elecirodes
application. At welding of tubes on site, at the begin-
ning and at the end of weld -~ when the electrode is in
a tangential position fto base metal - weld pool is not
sufficiently protected against the outer atmosphcre what
with basic electrodes may result in formation of pores.
The danger of pore-formation is especially high at depo-
siting of root beads; therefore, a combination of elece-
trodes had to be used - acid electrodes for root layer,
basic electrodes for the capping bead. Acid elcectrodes,
however, give low micro-purity and consequently low plas-
tic properties of weld metals. Furthermore, this Leing
also a big disadvantage, for making a joint two types
of elecirodes must be used and, consequently, itwo wcl-
ding technologies and two welding current polarilties,
Rutile-coated electrodes eliminated all these disadvan-
tages to a rather high extent. The decrease susceptibi-
1ity of rutile electrodes to pore formation in weld me-
tals is usually explained by different physical proper-
ties of slag, and particularly by lower inter-phase
stress on the slag/metal contact area, this minimizing
the possibility of molten metal contact with the ambient

atmosphere., Rutile electrodes, as compared with acid
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ones, zive better wicro-purity of weld metal, crpecially
as concerns the content of oxidic Inclusions. 4 further
advantage of rutile clectrodes is that theoy give sla g
of higher viecosity and higher solidiflcation rute, *hece
electrodes are thereforc advantazeous for position wuol-
ding. It must be said, however, that from the viewpoint
of purity and plastic properties of weld metal, basie
electrodes are the best.

Applicatior ol austonitie steel for fabricivion
of power engineering equipmont begen at about 1950,
The development series of austenltlc steels was based
on conventional stainless steel of 18/8 /1l8Crfili/ Type.
4 further stage in development of high-alloy croep-resis-
tant steels included also stabilized steels. The rcason
for 1t was that the conventionasl stainless Crlii basecd
steel, when exposed to temperatures above 45000, was
very unstable, espccially in conmection with precipita-
tilon of M2306 chromiuwm carbide on the grain bourndaries.
When using stabilized steels, however, cracks r.r2 oftern
found on transition zones of welded joints; thovelore,
in recent years, a growins effort to use un-steilized
steels is ohscrved, particularly the steels of 08Crl7Hi-
12k02 or 08Crl8Wil0 type. The main advantase of the first
type is the incrocased crcop resistonece, while Tthe sceond
one is more attractive because of lower price, thougzh
a partial decrease in creep resistance must be counted

with /4/.
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The propos~le for cheuiecal compositions of consuma-
bles for weldins of high-alloy Crili austenitic steels
are affeeted by netallurzical weldibility O©f stcolc which
is conditioned by thi following phenomena:

1. Precipitation of chromium carbides read-i "~ in
susceptibility of weld mstal or heat affccted zonc to
formnation of imterecrystalli e corrosion,

2, Formation of “he intermediatc phase & junder

certain conditions of structural composition and within

a cortain toemporatirc rar;s/ resulting in cmbritileuent

55

of steel or weld nmctal,
3. The suscotibility of weld metal to hot cracking.
The problem of intereryrtallince corrosion oX 4 ~phase

formavion has be2an so prooundly investigated that nowadays

these phenomena can be completely eliminated il at the
choice of stcel, consumables and welding techiology the
‘theorctical knowledge is correctly appliaed.

From the viewpoint of wclding the suscepvibility of
austenitic weld metals 4o hot cracking may be considered
as the most serious problem which with purc anstenitic
weld metal has not been successfully solved you., Lot
cracks in weld metals cre very dan~crous also (ue to
the fact that they arc ol microscopic charncter and can
be revealed neither b current visual tests nox by la-
boratory n®destructive tosis,

Aecording to non*crpovary vheories /5, 6, 7/, the

susceptibility o well motals to hou cracking is defi-
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ned by insufficicnt deformotion ability of weld in the
brittleness temperature interval.

The brittleness tenperature interval is alffccted by
the tensile strength and the width of imterval within
which the decrease in tensile strongth is observed. In
pure austenitic Crlli stecls, and weld metals in parti-
cular, specific phenomena of grain boundaries create
suitable conditions for hot cracking. The tensile strength
decrease in the critical {tcuperature interval and exten-
sion of selidification interval arc affected by the
presence of low-melt intorerystalline, often contimous,
films formed from segregated components oi oxides, cili~
cates, sulphides, phosphides, cte. /8/. These scirego-
tes, together with elcements with limited solubility in
austenite, form under suitable conditions the cutcctic
mixtures which represent weal points in intersrain co-
hesion and influence thus the hot cracking phenomenon.

At present, it is generally known that if chemical
compositions of electrodes’ weld metals are countcrba~
lanced by the ratio of austonite-forming and forrite-
forming elements in such a way that weld metsl, in ad~
dition to austenite, contains also certain amount of
ferrite, the susceptibility of weld metal to hot crace
king is substantially dccreased.

Por creep strength properties of weld mctals it
would be most suitable if the siructure were of mono-

phagse - austenitic - character. In such a casc, the prob-
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lems with decrease of welded joints plastic properties
after 1oné%erm cxposure to service temperatures would
be reduce&: Anyway, owingz to the above mentioncd rcasons,
elecirodes with double-phase austenitic-ferritie struc-
ture of weld metal should be developed.

In spite of the fact that the resistance of austen-
tic CrNi weld metals to hot cracking grows up to 30 %
Perrite content, it is advisable, if not necessary, to
reduce its upper limit in accordance with recomnendations
of several authors, to 5 %. This restriction follows
from the fact that at higher ferrite content than 5 %,
marked increasc in hardness and decrease in plactic pro-
perties are observed in weld metal after its dwell at
elevated temperatures - above 550°U. These changes are
the result of é ~ferrite transformation to hard and brit-
tle 8.-phase.

The lowest ferrite content which still is able to
affect relevantly the resistance of weld metal to hot
cracking is supposc? to be 2 %.

In majority of cases - unless the resistance of
wold metals is not ensured in anether way /e.g. by claims
for very high purity or specific contents and ratios of
alloying elements/ -for welding of erecp-resisiant aus-
tenitic steels such elecirodes are used which in weld

metal ensure ferritc content within the limits fxon 2 to

5 %.
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The requ¥ed amount of ferritic phase in weld metal
can be attained in two ways.

l. By using a standard wire core and variable coa-

ting mixture.

2, By using the constant coating mixture and core
wire with specified chemical composition and
ferrite content.

Each of the above methods has both advantages and
disadvantages. In Czechoslovekia, laboratory production
of electrodes with constant coating mixture has been .
alrcady proved to be possible, Application of this method
claims not only that core wire has the prescribed cle-
mical composition but also that ferrite content is kept
within the limits 1 % of the prescribed value.

As concerns the type of coating mixture used for
hi&halloy creep-resistant eloctrodes, in majority of
cases - like with low-alloy electrodes - basic coating
is used, while rutile-coated electrodes represent oﬁly
a small fraction,

With baslc coatings, one oi the comstituents ~ viz.
calcium carbonate - must be kept in such a ratio to other
constituents that the resulting slag is of alkaline cha-
racter, filong with calcium cabonate an important consti-
tuent in the coating is fluorite /GaF2/ which cnsurcs
that the melting point of slag with high Ca0 content is
decrecased - Fig, 3 /9/, this helping to good bead forming.

Basic eleetrodes form gaseous atmosphere rich in CO and
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002 which protoct weld metal fron atmospheric oxygen and
nitrogen, The ability of basie 5112,‘; :gl ggl‘él;iimfvbelﬁis n:':tal
of high purity and thus of good quality. Basic coatings
arc therefore used in all cases where high purity and
good mechanieal, especially plastic, properties of weld
metal are required.

For welding of creep-resistant steels intcended for
over-heater tubes of 08Crl7Nil2iMo2 material /correspofi=
ding to the AISI 316 H steel/, the electrodes with bae
sic egoating yioclding weld mctal on 18-8-2CrNiMo basis
have been developed in Czechoslovakia. Lower chromium
and nickel content in base metal shifts in the Schaef-
flor’s diagram the dispersion zane of weld metal to a
lower zone of austenite - Fig. 4. This concept of che-
mical composition is characterized by higher structu-
ral stability as compared with that of 17/12/2 Crlillo
weld metal,

In conelusion, I would like to say that the exis-
ting theoretical worlke as well as practical cxperience
in tbe ficld of weld metals from eleotrodes for welding
of carbon and low-alloy steels have already reached the
pealk, Further relevant increase of creep rcsistance of
weld metals can in this field hardly be expected. With
electrodes for welding of high-alloy creecp-resistant
steels, however, in the ncar future substantial chan-
ges in compositions as wcll as the improvement of creep

resistance of weld metals may be expected also cuc to
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the faot that core wires for production of these elec-
trodes are nowadays made ef electroslag or vacuum remel-
ted ingots,

As concerns the concept of coating mizturcs for
electrodes for severe conditions, hardly any serious
c¢hange may be oxpected, Rutile, but mainly basic, coa-
tings will most probably be used untill a merc suitable
type of binder than is the water glass used nowadays
will be discovered.
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Fig. 1. The ecffoct of some elements on yield point'in-

¢creagse in austenitic Crii steels,

% véh. = wt, %; obsah legujdccho prviu = alloying element
content; intersticidlne spevnenic & inmterstitial harde~
ning; substituéné spevnenie = substitutional hardening;
zmena v tahu = change in tensile strength

Fig., 2. The alletment of consumables produced in Czechoe
slovakia for individual methods of low-alloy creep-re-
sistant steels welding.

elektrédy s bazickym obalem = basic coated elcctrodes;
elektrgdy s kyslym obalom = acid coated electrodes;
drdty pre svéranie kvsliko-acetylénovym plamenom = wires
for oxygen-acethylene flame welding; drdty prc automa~
tické zvdranie pod tavivom = wires for automatic submer-
ged-arc welding,

Fig. 3. The effect of Cax‘z' addition on melt point dec-
rease of Ca0 based slag.

tav = melt

Fig. 4. Structurc zones of some CrNi austenitic base

and weld metals intended for over-~heater tubes produc-
tion,

austenit = austenite; martenzit = martensite; ferit =«

ferrite.
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FILLER LLERIALS YOR Gud Sololiul «sLDLAG I PO..3
INDUSIRY

Introduction

the metihnod of eleciric arc welding of stcels in
shielding atmosphere of active gases /002, ar+C0,, Ar+02/
with consumable electrode, referred to ws [HIG or KA,
has found wide applicotion in indusirial practice. Jthe
reasons are generally known: high melting reie, overcom-
ing the possibilities of manual welding with coated elec-
trodes, quality of welded join.s nmeeting the regquire-
meats of the most challeusing applications, but above
all the possibility of .uwchanisetion or automatioun of
production operaiions easurcd by welding.

In this lecturc, we saall speak sbout filler ma~-
teriale For tanin waldin: wmetirod, with respect fo the
importonce of welding wire, which is one of the main

factors effecting thc finnl result of welding.

the problems of weldiag wires dior .iIG welding

the quality of a weld deposited by this method is
affected already by the foct that the welding wire is
continuously end mechanically fed to the noint of weld-
ing., Its cleain surface, congiant diameter and suitcble
hardness are inportent from the viewpoint of weld defects
preveation /inhomogenitiea, cold joints, lack of penetra-

tion ete./.



- 40 -

From the viewpoint of the weld properties, ihe metal-
lurgical effect of the chewical basis of the welding wi-
re is substantial, as the weld is formed in conditions
of a very dynamical process of wire melting and metal
transfer in the wediun of dixsociated shidding atinoaphe-
re and inteinge ionisation in electric arc of higzn teapera—
ture.

Phe basic requirement for cheanical compositio.: of
welding wires comes out irom the necessity to prevent
tie shiclding atmosphere witi oxidizing effect from affec-
ting the baaic eleaneats /Fe, C/ of the chemical vasis of
the welding wirc in the wolten pool or during the trausfer
of wgetallic drope iuato i¢. fhie effect of the zhiclding
atmosphere /002/ or of its componeant /O2 in nixtuires Ar+002,
ﬁr+02/ is the consequence of dissodation in the conditions
of high ftemper.ture of the arc, according to the knowi equa-
tions:

o, €7 00 +0
02 —_— 20

< -

The welding wire must be able to bind this free oxyzen
by its chemical composition sand this way to prevent
the foraation of oxides. In thie fuuction, above all
si and il find appliceiion. Welding wires are “over=~
~2lloyed” by them, to compensate taeir lozses by burn~
-through. In some cases tne wires contain also al, Ti

or Zr as deoxidizers.
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Si- and iln-based wires are used for welding of mild
carbon steels. [Ihey zre, however, suitable also for some
epplications with the uce of low-alloy steels with higher
gtrength. sariciuaent of the weld metel by alloying ele-
ments from the base amuterial due to mixing enables in the~
ge ceacs to obtain gtrengih values in the weld which
correspond to the siteel welded. In case of larger thicknesses
welded, requiring multilayer welds it is, however, aecessa-
ry with these stecels to use wires with the addition of
further alloying elemeits, as the effect of mirring would
a0t be sufficient here. Such wires are produced either as full,
but also in the form of tubes filled with ferro-alloys.
According to their oxidation rate, the alloying ele-
ments used can be divided to ‘conmtant? and Vactive! ones.
the thermodynemic lews governing onide foruwatioir can be
expressed by the free eneirgy AT necessary for their for-
mation. Its relative values represent affinity of the
elements to onygen and are, depeirding on ftemperzature,
represented by lines in the diagram shown in Fiz. 1 /1/.
At given tempercture tite eleuwents will be the more willing
to oxidation, tine lowsr airc the lines oi their free esnergy
AF in this di.grom.
Lhe following elexcnts can be coingidered as “active:
/Pef, /C/, AL, Zr, Si, V, im, ib. The "constani® ones
are then: Cr, .o, ¢, 5, Co, ¥i, Cu, /Pe/. This divizicn

ig confirmed also by the coefficients of burn-tarough
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of eleaments during the itransfer of molten metzl from the
wire into thc molten pool ~ wab. 1 /1/. As can be seen,
with tac Yconctaant” eleiments tane loss by burn-through is
lese than 10:, Iron cun be classified as a "coastant?
element only if it is shielded by the present deoxidi-
zers /Si, iln/ froam oxidation. Therefore it is counsidercd

as an "active! ele.ent in the disgram of Fig. 1.

The effect of welding wire chemical compogitivu on tie

weld metal pruperties

‘fhe uge of the specific effectsz of individual elements
froa the chemical basis of weldin: wires must respect their
affinity to o.ygeu from dissocisted shielding atmospicre,

ag w.s aentioned above, <he fconstent? eleweuts ccin find
application practically by iLheir wiolce conteat. tunelyr effect
o:r the steel yroperties is senerclly known aad we ghall
210t deal witn it co.cretely., It will be rore purposeful
to mention some of the “eective’ elecuents, with respect to
their jutercctions witn tlhe saielding atwosphere compo~
nents.
Iron, Its oxide - Fe0, forimed under oxidation conditioas,
would reduce tlhie present FeO : IPe0 + CZ2Fe + CO, and thus
conditions for pore iformation in the weld due-to. the existen-
ce of CO would bc formed. fiese reé&tﬁona gre-prevented

by help of eleneats with deoxidlzino et ffect w1th hdgher

afflnlty to oxysen $han that of Pe aﬂd c.
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Silicon. It is added to welding wires in the asount up
to 1%, if they are to be ured ror CO, welding. Ii the
mixtures Ar+002 or 1.1‘+02 ave uded, its amount iz reduc-
ed to 0.5 to U.T.. Yoo Dligh 3i conteat incieases the hot

cracking susceptibility of weld metal.

Manganese, Itself, it has low deoxidizing effect, but

in co-action with silicon i{ foras easily rcamovable sleg.
Binding of silicon nievents hot crocixing and iaproves

mechanicel properties of the weld metal. It ig cdded iato
the welding wire in the amownt of 2.0,3c that thorc is
usually 1 - 1,5. of lin in the weld metzl.

Alwainium, It is a more cifective deoxidizer thun 5i.

It is added into wires for welding of steel wita inigh

oxygen content, or of rustaed plotes, in the awouiit of

up to 0.7%, to prevent popre fowrmation /2/.

Vanadiwa., This is 2 strongly carbide-forming ele.eat,

which is used to cizure strengtilt properties of wrld ae-
tal after annealing. +ith respect to tite possibility of
preeipitationr in the foram of carbonitrides witihh unfavou-
rable efiect on noveh toupghness, its coatent in the wire
should be liwiied to G.15% /3/.

Hiobiwa., It is zdded to stainless gteel wires as c.rbide

stabillzer. It refines the groin of C-in steels.

Litoniun has a strong deoxidizing effect, Literuiusce re-—

fers to its favour.ble eifect on weld metal notch toughness.
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In connection witia thig, itz content of U.15v ian the wel-

ding wire is considered =c optimum, or of 0.03 -~ 0.0.u

in the weld metal /4/. It depends, however, also on the
content of Al and on that of the alloyiag eleaents increa-
ging the quenching .bility /Cr, ifi, zo/.

Oun tihe other nzad, prceipit.tion in the forwm of
P44 /eimilaxly also V4 and b,/ would be reflected in
the weld metcl by iucreacse of the notch towghness tran-
sition teaperature /3/.

Carbon. #hen coavared to otiher elements, itg action ia
the weld metal iz o certain cxception. If the shielding
atmosphere is foraed by ..r and 02, caybon oxidates and
CC is formed. If CO2 is the shielding gas, where also CO
is pregent in thoe atmospheie, the reaction between .aolten
detal and the saseous phaage passes towards the cequilibrium
state, according to the eqution
002 + Cyu= 2 Co
where C ¥ is tie conceairgtion of C im auestvenitic,

In the case of low cuvrbon coatent in the weld metal
and high degree of dissociution, tue reaction goes l.ft-
wards and the resuli is tie growtin of carbon conieat.
Jith higher carbon coateat, the reaction will go in tne
opposite dicection and ithe corbou content will decrease,
and tiais way it oes to the equilibrium value 0.07~0.1%
with ferritie, and,/or v.1-0.14% with austeuitic cieels,

irrespective of tne original content in tiac welding wire.
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Lhe degree of "losses’ of the active elements duwring
aetal transfer into thc weld depends also on tiae nrocess

type applied, namely on tue number of drople's - Fig, 2.

Cieep resisting pironerties of weld metuls deposited in

gag shielding ataogpac.ed

Yor tihe production of power industry equipacnt of

plain steels witi working ieaperature below 425 % a wel-
ding wire for 002 welding of Sidn type is produced in
Czecioslovakia, For equipmeants workiag at aigher tempera-
tures /425-580 ¢/ gensrally low zlloy c¢reep resisting
gteels are unged, alloyed mostly by do, Cr+idlo or Cr+io+V,
Selection of velding wire for these steel types aust come
out from their chemical composition and must also congidexr
the effect of the above-meutioned welding process effects
on the final compocition of weld nmetel, With these appli-
cztions, the weld metal properties .re moreover eifected
also by heat treatment of the weldaent. General composi-~
tion of welding wirca for these stcel types vroduced in
Czechosglovakia is given in vab. 2 and mechanical properties
of their weld metclc in Tube 3 /S/.

Creep resicsting properties of weld metzls deposited
from the sio aud Crio type wires cre on the level of the
bage actal. With CriioV type wires tihey are generslly low-

er - they reach only about 70% oi the base metal velue

/57
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Conelusion
It can be stated tihat it is the knowledge of the
+Aetallurgical processes taking vlace in the arc and in
the molten metal duriing .1IG welding in active gas shield-~
ing which is tie uaporiunt pre-susnmosition of develop-
rent of gufficiently wide welding wire seale, this enabl-
ing the appliccvion of ithis very progressive welding

metihod algo in building of power industry equipment,
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‘fable 1. Burn~tihcough loases of the individual welding

wire sleaenvs in 002 welding /1/

! x | ) ; ' ; '
Doty L S s oAl s T iSi, v lin iub
o || P0-E05 30T 30-40 0 50-T0 D TK0=75 G0-10
a ) i
™ ilo P S di | cu ! /Pe/*
i i ") —
| [30-95 T95=T00 1100 1100 95~ 195=100 97 ] ;
— B e D S

®fhe minimum value applies to fervitic steels with aigh
carbon content in the wire /0.30i/ - it will dccrease to
0.15%. The maxiaum vclue corresponds to austeuitic steel
with low carbon content 0.055% -~ it will inciease to 0.13%

in the weld aietal

*in the preseice of deoxidizing elemeats Si end .in

element perc. in weld aectol

a - % of transfer =
elemnent perc. in welding wire

b = #active' eleaents

¢ ~ "constant? elements
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gas shielded .iI6¢ welding of low alloy creep resisting

steels
T . : - o d
1 i g Mn~ " S1 Cr o ¥V o
15020 : 0.07- .2~ 0.50- 0.40-
15110 [P0 0,22 1.3 0.75 0.60
| 5121 :;0_312 0.07- 1.0- 0.50-~ 0.90- 0.40- 0, or
t 0.12 1.3 0.75 1..20 050 -
5128.5 0.07- 0.90- 0.45= 0.50- 0.50~ (.25~ 30% Ar+
15123/ {C-321{ 0,12 1,20 0.70 0.70  0.75 0.45 | 20% CO,
i

- gteel

o T p

(<5

~ welding wire designation

- shielding at.aosphere

~ directive chemical composition of weldiny wire
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Table 3. Mechanical properties of weld metale deposited

by WIG welding in active gas ghielding

e e e e e e

! a i d
e - e e
b o Preltead: 1112, Fig (M) 1N Lo
P-ilo | 600 | 340 23 74 680 °C/2nrs/air
gs‘éﬁgﬂmt’_cﬁl? 550 | 380 16 45 {700 °c/2brs/air
P o0V -321] 550 | 400 14 45 |120 °c/2nrs/air

a - wire designation
b - according to the proposed standard §5¥ 5390

according to the producer

[e]
]

mechanical propertivs of weld actsl at +2C °g

o
i

postweld
e ~ heat treatment
3Pt - temsile strength
Ky - yield point
,‘CS - ductility
RB - notcih toughneas /DVil/
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POWE: EnGINZuRING ST=RLS

a. Introduction

Steels used in power enpineering may be claseified
into several groups. Firetly, the carbon /Ciin/ unalloy
and micro-alloy steels of which most of the auxiliary
equipnment is made. Further, the low-alloy Crio, CrioV,

HoV or CrioVW steele of which superneater tubes and some
othier power engincering paits ctressed in the creep zoae
are made. Among the present-day peak steels of thie type
renks also the 12i»Cr steel with its modifications.
Pinally, tne high-alloy suctenitic Criii steels and i
alloys which find their application not only in production
of ateam generators but also ia preduction of power
engineering gas turbiues.

Po power engincering equipment belong also steam and
gas wvurbines with ever increasing outpuis. For units of
the output higaer than 200 MW it is no longer advantcgeous
to use oue~-piece forged rotors, it is better to muke them
by welding togetier severzl Jup to fiffeen/ sections. As
this new technology imposes certain demands on steel,
modifiecd low~-allo; rotor stecels had to be developed. Of
gimiler chiracter are sieels intended for water turbines
/Koplan and relton types/. Finally, meinly the auclear power

induetry requires speciwzl steels for nuclear reactor preg-

sure vessgcls ciad for primary circuits.

sy
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Some power enpgineering devices require stecls specislly
degigiaed for low temperctuce service., ierne, soane aaraging
9%iii steel have found the field of taeir application.
Bagic clagsification of the cbove mentioned stecls aid
discussion of tho problem of their weldebility ore thn suo-

ject of this papexr.

B. fheory of steels

Going out from a moao-phase rorritic stractuce, the
0.2 yield point value can be calculated using a nodi
well-known Hdall-Petch relation:

3

5 = g 5 ; =
So.2 =% *S; * Ty +Bp +8g +5p g
. . o P B . -7
where 5%0 is the so-called friction stress of tic lattice “-¥Fe,
fig iz the contribution of substitutioaal a.rdeningel Fe

by sucii elemenits as n, Sieee,

GIN is the contribution of interstitic aesrdening ©-Pe
{
/Gy d, 0, B/,
E;D ig the contribution of grzia boundaries hardeiing
. -1 - < .
(FD =% D 5 /D = groin size/,
i is the contribution of sub-grain boun: 5 hurdening
¥ & &
-1
y=xd T,

(SP is the contribution of precipitation neideni 'n
dependiig on the size ane level of dispersion of
I

precipitated particles,

—~
[ ig the contribution of hardening
Disl.

increase of dislocation density.
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Bach particular conirib.tion is influeac.tlc to a
rather great exteat by dirfferent chewical coampositions
and/or heat treaotmeiits of steel.
In fact, tiwci: does no% exist. anything likoe pure
ferritic steels, but only steels with certaiu pvortion
of eutectoid. iere, it must be mentioned tiat the nigher
ig the portion of peurlite in tiae stcel, tae uaigasr ave deo
its strengfh properties, tihe depeadence being nearly lineax,
with low-alloy high-strengtn steels the golid_soluiion
herdening 1is ever more often used,
fais hardening, appliceble both to ferritic ond to auzte-
nitic steels, goes out from the efiect of elewcnts which
fora neither carbides no: intermetcllic precipit.tez. Theze
eleacnts are not distrubuted unifoiramly in the wztrix but
form “seyresates’, Jhe gezregates wre responsible for
hardening of the solid solution uc they increece the ener-
gy necesgary for wmoveient of dislocations. The senregaiion
of atoms can teke place eitlicr through interaction between
the dissolved stons 4id ihe imperfections, or between the
dissolved atoas themselves. ths elastic inter.ction bet-
ween the dissolved 2toms =2ad tae dislocations lezds to the
Cottrell ‘s ataosvneres, wiaile the interection or t.e eclectric
field 1lying between theze atoas aud the stockray foulte
leads to the Suzuki's efvect. finzlly, the intevaction
between the dicsolved atoms themselves leads to o short-
range oxrdering /PFisher/ oy to clustering.
Apart from the basic kinds of hardening, whiicia have been
already discussed, for ihe steels oi higher te.=ilc ztrensth

used in quencned and teapered condition, also t.ig trans-
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formation hardening by boinitic o martensitic reactions is

used. Decrease of tihe itreuaforaation tea.erature with the aim
to obtain baiaite or aarteasite is the simplest way of
inereasing the steel ‘s hardness.

Bainite is a constituent of gteels formed by dzcoaposi-

tion of austeaite in the teaperstuce Zone betwezn wertensite

and ferrite and pearlite. Fhis consituent consists of
aggresate of ferrite and corbide and artly of stubilized
sustenite. The mor:hology of bhalaite changes progresaively
with the transform.tion teaperoiure; the lengtih of partic-
les grows with the decreesing teaper.ture, tne resulting
structure being tnus ccicular. ilorphologically, three bai~
nite types can be digtinguisiied: .massive, ujper and lower
baiunite, Tae first of tlea iz alwo called granular bainite

Jat gamaller .aopnificuiion/ or acicular fervite /at greater

megnification,.

The relation betweea the structure of low-carbon steels,
their yield point and tronsgition temperature is siiown in
PMig. 1. For the steels of aigher teusile strengtil, quencuing

and tempering must be used to attain sufificiciily low

transition ieaperatures. Fig. 2 shows the relation between
grain size and yield point feor difverent microstructures.
Pne main line in this dia,ram repregeats the relaution
beiween tihe yield point and iyein cize according to the dall-
Petch equation.

Par the C-.n~b gicels the deviastion /increase/ of
yield point is due to wreecipiteation hardening of i'bC.
For bainitic and .ertergitic steels thae ilncrease in tensi-

le strength is due notv owly Yo dispemive carbidic particles
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but also to the increase of dislocation deusity.

vigh martensitic steels the contribution of intcractioa
between the dissolved stoms of carbon and the dislocations

hes to be counted with, too.

C.siicro-alloy steels

Through the Cuin steels, like micro-alloy ones are
used in power engineering in such czseg only when the
steel iy not stressed in the creep zone Jup to about 350 oC/,
great mejority of the used low-alloy /e.g. reactor or rotor/
ateels is wroduced ac micio-alloy Ii or ./b steel, the daia
given nere .ay taus have o wider validity. Under the term
nicro-alloy steels” we uaderstand Ciln steels in which
thie content of micro-azlloyinz elewents /al, 1i, I'b, V, Zr/
does not overreach 0,1 t,4. In soac cases, algo higiher con-
tents are acceptable /e.g. V up to 0.15/ and, on the contra-
ry, i1 others ihe maxiaum content ig limited atill lower
/b 0.040/. Lypical ranges of .aicre-alloying elcacuis used
in these steels are;
Al - 0.02 to 0.07%
i - 0.02 t0 0.154,
b - 0,01 to 0.05%,
V - 0.0l to o.low,
4r - up to 0.15.:.

Tie above raagea cau vury at sose combinctions of
micro-alloying eleaents, e.g. :({bV, Tilkib or fibr. In zreat
majority of wmicro--alloy szteels the preseiice of aluainum

as a relainder of deouidation .rocess is obgserved. In our
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case, its content is lower than 0,02 /4 to G &y, for one
ton of .uelt/, and have uot any pronounced hardezing
effect. On tiae contrary, in some steels the Al content
iz deliberately increased up to 0.1% with sinmultancous
increase of ¥ content up to 0.1% /the #IWY process,/.
Such stcels require that the control of olling regine
or primery neot ticatmeat is very precise to easure that all
interstitic nitrozen is bound to Al in form of anitrides.
The latest development in amicro-elleoy steels arc
gteels with low carbon content /below 0.1/, tiae increa~
sed sn content /up to 1.6,./, aud the preseace of 0.3% io
together with asd. 0.1e o, Che Moubd combination zhows
pronounced increase of gtrength properties at very iood
plastic ropesties wveluer. as already aentioned in the
first paper preseinted at this course, the production of

of

micro-alloy stecls requires control of rolling o
cooling rezime and, possibly alzo, of gteel heati treat-~
ment. Che aim of this control is to obtain very fine
precipitate with suificient degrece of dispersion. If the
proceng of precipitation realizes in form of thin uX films
or sulphonitrides on primary grains boundaries, then the
plastic properties of stecl saow .marked decresase.

Ine boad of aicro-alloy to carbon in form of carbide
or carbonitride enables - at siwmultaneoua decronse of
carbon conte.at - to decircase tie poriion of pearlite in
the stoeel., In this way, steel with reduced pewilite content

or even pearlite-free steels can be munutfactured.
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It is necessary to guy that wien amicro-alloying is
used, the chemical basis of sulphidic inclusions in steel
changes, too. a part of inelusions of wsulphidic type is
bound not to kin but to the used :aicro-alloying element.
It cen also be zaid that = part of mengonese sulphides is
furtier alloyed by wiciroalloying eleneut.

Thig effect ic typicel for i and itb, but alwainum J
sulphides are kiown too. It is importcat thet tiicse sulphi-
des h:zve different pnysic.l prope:tiés, especially the
decreaged melting tvempercture as coaparcd to #inS. as a
congequence, micro-alloy stcels are more susceptible to
iiicro-hot teasying or formation of laweller fiszures as com-
pared to covention:l Cin steels.
Consequently, ith2 use of .iicro-alloying aneceasitates thet
the conient of impurities in the steel is reduced.
Within the IY\ it is accewtod newadays that steels ace not
gusceptible to lamellar tearing during weldingz irl the re-

duction in ares valuc ofi .« spcecimen in the pleote thiekness

direction is higher tawit 200.
Speaking ocbeut tue weldubility of micro-slloy steel,
it wust be i:entioned hervethat it is betier theun that of
.

xonventional C.n stecl of the same strengtin cateiory.

The weldubility improd™lis due purticularlyto decreass

of carbon content below 0.15% as coapared to 0,20 to 0.25%
in nonventionsl steelz. Purther, the efiect of carbon
content decreunce is fovourchle from the viewpoint of car-
bon equivelent vulue and cracking parameters, as well as

from the viewpoint of resistance welding., #ith this tech-
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nology, @11 weld :met:l is forwmed by remelted bauwe .aetal,

and high ¢carbon content increuses the range between the

liquidus and solidus of ithe steel, this resultin, in crystal-

lization crackes or cavitiea in weld metal. This enables to
weld micro-alloy stcel of 500 .i mm-2 strength category, i.e.
with cacbon equivalgat value up to ~v0.45% and of 25 ma in
thickness witnout pree~heating or, in case of fillet joints
or severely stressed pacts, with pre-heziing to 80 - 120%c.

&t welding of aicro-alloy steel:, particularly those
with reduced pearlite content, couwperatively ncirower heat
affected zone is observed, In the over-heated »a:i of the
HxZ, form.tion of aciculaxr fdecoaposition structure is ob-
gerved instead of rougil ferylto-pearlitic structure with
d-texture which -~ from the viewpoint of fatiguc and plasti-
city properties ~ is far less advantugzeous.
fherefore, micro-alloy stcels can nlso be used in dynemi-
celly loaded welded struciures, where conventionsl Clin
steela are not recouanended.

Consequently it can be seld that micpg-~alloy steels
are more advantazeous thuu conventional Cihn sicel of the
some stren,th class. apart from nigher susceptivility of
micro~-alloy stecls %o lanellar z2iad hot tlariag there are
also some other factors which nccgessitate nrecise coantrol
of the welding tccimology.

Firetly, it is the fact that while in basme metal
the presence of .iicro-alloy is favourable, in ..el¢ .actal
/particularly in Wb st2el/ carbide or carbonitride bonds
to dislocationg, thus decreasing $tie notch tougiiness value

of the weld. It is not @ simple prablem, and we still do
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not know how the mechuanisa of damcging the impact pro-
perties works, With wejoiii; of wrc tecimologies a greater
part of micro alloy buras oul in weld metaly
at submerged arc welding, mainly with nigher specific
heat inputs, the aixing of base metal into weld metal
is so great that the present niobium increasee markedly
the weld matal s trensition tempercture. $his is a reason
why with submergoed-arc welding tecinology the heat input
must be limited to 25-28 kJ/cm, and wien low transition
temperature is reguired, the 0.5 so or 1WiG0,5ii0 welding
wire must be used.

According to the IIW method /documents 1i=-$C2 -74 and
1£-903-74/as the type test of the i cmbrittlement by waich

the weldability of stcel ig being evaluated, the test of

under-bead notch tougnacss at various welding parcameters
has been chosen.,

wWheua relating tnc trausition temperatures in the HAZ
of micro-alloy stcels to the traisition ftemperatures of
base metal, the mic.o-alloy steels'weldahility evaluation
is not very favourable. For instance, a common nicro~alloy
steel arter classical rolling hes the transition temperatu-
re of ,, and after coittiolled rolling tae tempsrature of
T2, vihile T2<£~T1‘ In thie undervead zonc both conditions
of this steel uave the same tronsition teaperaiure I.
How we see that T - TZ R Tl’ i.e. relative shiit of
the underbead zone transition temperature ip hijiner affer
contrrolled rolling, i.e. the weldability is worce., Such an

interpretation is not logsical for a given steel type.
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D. Steel for use in the creep zone

With aajority of steels uged in power eigineering
it is required that their wmechanical properties zre googd
algo at increaccd tewperatures, i.e. in the crcep stress
zone. Jith clazsical power en;ineering eguipment, =ucin as
stean generutors or steaslines , itne service teanperature
of the pipe’s wall is up to 66C°C. fn this teapcraiure
zone it is important taat:
- 3teel has sufficient crcep strength,
- and sufficient resistance to surfuce oxidation.
The knowledge of meccilanisa and kinetics of creep enables
that ever better steels sre produced. Creep et aigh teupe~
reture is affected, apuart from stal s basic cheaical compo-
gition, also by its structure and sub-structuic. In addi-
tion to precipit.tion processes ~ ita result of the first
importance being tne degree of precipitates'dispersion -
also the condition of dislocation sub-gtructurc of metal
is iaportant.
Creep is chaorecterized by aovement of dislocations und
diffusion of vacancies.

From the point of view of creep strength, steels can
be classified into several categories. /sention please,
that the measuruble temperature zone at which creep begins

is always above 200°C/.
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- Unalloy Ciin steelg which from the viewpoint of creep

strength can be used up to the teuwper.ture o mnax. 400°¢,
while their resistance to oxidation is sufficient up to

the temperature of 520°C.

- Lowealloy Crifo, Cr.oV, CrV, CriloVW steels, the temperatu-

re zone of their applicaiion being liwited by 530°¢C.

-~ fdighalloy, e.3. 12.Cr steel and austenitic steels - wall
temper.ture cea rise up to 620°C or even higuor.

Some steel types applied in Czechoslovakia are tabulated
in Tab.l. The basic type of low-alloy creep resi.tant sieel
ig Crdo steel containing uy to 2 1/4Cr and 1w .lo., Usually,
howiever, Cr content in thic- steel type ronges frow 0.9 to
1% and 4o content froa 0.4 to 0.6w. Chrowium coitrivuiec
not only to the increase of creep strengin but also of
heat resistaince of the steel; the present molybdeniua
both hardene the ., Fe solid solution and stabilizes the
cenentite.

In Crilo steels the carbidic phase is usually precipitated

not only in fora of alloyed MBC cementite, but also in form
of Cr703 plates or -~ particularly after long-~ierm scrvice

in ereep zone - ia form of MOZC molybdeniun carbide can

also be one of th> steel conaituents presenting some problems
at welding., Firstly, it can be a cause of weld aetal emb. it-
tlement at arc welding. Owing to higher carbon content, at
arc welding with higher heat iapuis the MOZC can precipi-

tate - as a result of sepirezation -~ in irregular cluoters .
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Another case of embirittlement can occur ia the H.Z after ldeat
treatment, XL tosether with annealing of welded joints z
totally coherent precipitate forms /usually around the
temperaiure oi 55000/, secondary heordening and eambrittle~
ment can occur. It iz importani that this zone is overcoie
at neat treatmcnt. all the same, it is not impossible that
with unannealed welded joints this precipitztion stege is
reached during theiir service life. The service temperature
of Crifo steels is limited by the velue of 500 to 520°C.

At higher temperatures, the -/, Fe 50lid solution lacka
already sufficient strengith which cea be regained c.;.

by sufficient auount of dispersion nrecipitates.

by adding

This can be attaimd vanadium to the steel. iYhege CritoV
steels contain, in addiiion to 1%Cr and C.bxiMo also 0.2

to 0.35%V. Vanadium forms with cwzrbon /or nitrogen teoo/
very stable carbide or carbouitiride V403 /Vi/. Vanadium
carbide, same like other carbides or carbonitrides &
/TiX, BbX/, is distinct For the fact that ite size is tie
function of temperature and practically does not depend on
the exposure time.
The zone of precipitation of V{ in creep resistant steels
can be limited by the temperciure range between (G50 to
750%¢. To attain sufficient creep resistance of the steel,
it is annealed in tiic zone of precipitation of Vi,

The size of Vi particles ranges between 200 to 500 2 and,
apart from geometrical configurations or irrepular disks,
they are often fibreform configurations. apart froia conven-
tional vanudium alleoyed steels /0.2 to 0.4.V/, vanadium

ia added - though in far less amounts -~ also to boller steels
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to obtuin the required strengih properties of heat treated

pteel. In this case, the vanadium content does not exceed
0.15» and spontaneous precipitation of VX in the steel is
practicelly unascertaineble.

The weldability of boiler Cruio vanadium steels is not
worge than that of the previous type. Hdowever, to aave
full advantage of favourable effect of van.diuwn carbides,
these steels have coaparatively ligher carbon content,
thils requiring use of pre-heating prior to welding within
the temperature range of 200 to 300°C. A very difiicult
problem encountered at welding of the above steclz is the
increased hardness in the underbead zone. It is ugually
accepted that from the viewpoint of gtrength ho.opseneity,
hardness of the underbead zone should not be nigher than
20% more than that of base metal, As the hardness peaks at
qaulti-layer arc welding vve due teo disgolution of vanadium
carbides and their re-precipitation after high oversatura-
tion /fhigh affection temperatures in the underbead zone/,
it is often iipossible to eliminate these hardness peaks
even by post welding heat treatment at the temperitures below
ﬂl. For welding of these steels all known welding tecino~
logies can be used, With all arc technologies pre--heating
up to max. 350°C is required. The increase in iaardaess of
tane underbead zZone can be the cause of difficulties also
at electroslag weldin;, of thick plates for steam boilers.
fhese boilers are subjected after welding to size calibra-
tion /not rolling/. Owing to hardening of a portion of
the dAZ and to comparciively softer weld metal, the overlap
of the HiAZ by weld metal can occur during rolling, and this

can be a cause of felse indicetions of inhowoyeneitics.
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The majority of welded jointe is annealed after weldin:
ot the temperaturcs below by The amnealing is not only to
decrecae the level of residual stresges but also to eliminate
the occugeinrce of unatable decomposition phases in the weldec
joint zZone and, at the same time, to provoke the srecipita-
tion of vanadiwa carbides. In this comaection it gaould b
mentioned that inciearing of the pre-heat tesperatuce ocbove
ithe tewperature of Ms /of the stzeli/ is not justifiable ana
is even haruful. It cen result in stabilization of residual

augienite not only in weld metal but also in portion of tie
the i1iZ. Prom the surrounding oversaturated decoaposition
phases the interstitic carbon can diffuse to tiais ausienite,
tilig further increasing its stability.

Thei, when welded joints are anacaled at tie temperc-
ture below Ay, only the transformation._}" R ,3) can be
expected, while the originated .surtensite is sufficiently
stable, dot all welding tecihnologies require 'a priori”
aniealing of welded joints. For boiler tubes of gmaller dia~
meters fup to aboul 45 amm/ and wall thicknesses fup to about
5 s/, welded using the electric resistance method and buti
joints, not in all cases the anuealing of weldzd joinvs is
necessary.

One of the top quality ferritic steels - iantended for
tile temperatures of 600°C, i.e. Tor overhater tubes or
boiler bodies or steamlines, but also for cast- boxes of
turbogenerators -~ is the 12%Cr steel. This ateel with its
various modificaticiis is uged not oanly in stcam generators

or turbo-sets but also iu Kaplan's or Palten s water turbincs.
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In the basic 12%Cr steel type the carbon content is

low /0.1%n/, thou,n iua final products ite conteat can be
increased up+ to 0,20%. In addition to small amount of

¥n /0.,Gi5/ and Si 0,30%/,% the steel can contain rJ 0.5%1,

-1 Lo, 0.55%W and 0.3%V. fnis basic steel is known as ALSIT
616 or 422, The temperatures Ms and MSOﬁF for these stecls
can be calculated accoirding to the equations:

i1, /°C/ = 832-29/4Cr/=39/4Ni/=5/%C0l=36/%i0/ =0/ 5T/

g, /0 = Ly 581-4T/4Cr /=87 /5:i1/~28/0%0/ =367, o/ +114/%11/
Cheuical composition of the steel should ensure tiaat the
anount of g - ferritc at the austenitization teuperature

is as small ag pogsible. The additioun of 1% of alloy /ex-
cluding C and U where U,l% is supposed/ thae 4-—ferritc
content will very in thi> stezl type as follows:

Change of I ¢ Hi Co Cu iln W Si o Cr V 4l

A-ferrite =20 -156 =10 =6 =3 <1 +8 +8 +11 +15 +19 +35

The 12%Cr steel belowgs amoing maraging s+eels, tic acceptable
strength and plastic properties of which are obtaineg: only
after normalizing and aanesiing in the teaperciure range

between 46 to T740°C.

Jdith this heat ireatment the structure of maetrix is formed

by the <. Fe solution with uniforaly dispersed carbides.

Jhen heating the 12%0r-0.1%C steel beyond the temperature

of AS' augtenite originctes. This teaperature depends on

the manner of steel alloying, and ranges between 600 to
740%C. Use of the steel is limited in the eéreep zo0nc¢ by

the temperature of Age Tiie efiect of verioue elements on
chziage of tihe AS temperature is the following:

Blement /14%/ Wi iin Co Si o Al v

Change of ;;S/%/ -30 -25 -5 +20 +25 +30 450
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AB evident from tac sbove, the steels of 124Cr type which
are inteuded for scrvice in tne cicep zone, will be mainly Mo
and V alloyed while thes szame steel intented c.g. ior water
turbine rotors will be .mainly i and Co alloyed,
sven though the calculated Rs temperature indicates in the
equilibrium dizgraa the temperature of beginning of the
trangforaation, it does not mean that at long-term exposure
to the temper tures below AS he austenite is net found.
Small portion of reversion was obsarved with these steels
still at the temperaturce of 500%C, Tais steel type, same
like all higi~alloy Cr octeels, shows below the teaperature
of 500°C the digintegration of b.c¢. ¢. =20lid golution into
two isomorphic phases, one aof them being rici in chromium /
and the second in iron /. /.

iis disintegration can be expected ot long-term expo-
sure of gteel to tewperatures below 5009C, it seems thet
digintegration of Fe~Cr solid molution toil;anductis not the
final stage but only an intermediate one of the final equi~
librium product, e.g. &' - phase.

a8 far as weldability of 12%Cr steels is co.uacerned it
can be stated that wo significant provlems are eancountered.
£11 welding techivlogies, including electroslag, are appli-
cable, Pre~hcat tesperstures range between 250 to J50°C,and
at repair the welds can also be made witnout pre-heat with
manual austenitic eleclrode. There cen bs some problems
with notch tougnness values in tiae heat affecied zone, parti-

cularly in the zone heated to the temperatures Al ~ AB.
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Yo improve the a:tch tou,hmess value in the iaZ, 2 to &% of
il io added to tihe 12 .Ci stcel. Jhen welding thics steel type
it is suitcble /if the iatricucy of the construction end
thicknesc of the weldmeut permits it/ to decrense the in-
terpaess teaperature between welding and annealing to the
tempercture close to Mf / ~150°¢/.
In case of 12%C.. stzels with low .ii conteit, tempering
embrittlement may bo observed wien aanealing the welded
joints in the teaperciure range between 600 to 550%¢. This
is uot observed with i a2lloyed steels.

If the weldad jointz are immediately after welding
annealed fyom the interpass teamperature, it may happen that
big amount of residual zustemite in the 12, but also in weld
metal, will during anaealing tronsform to marteansite.

In such & cese, double amiealing should be used; mortensite
decomposition to sorbitic compouents will thus occur at the
second an.ealing only. Owing to different requircments of
clagsification gocieties tiae presence of wartenzite in the
dAZ need aot necessarily reflect in the noteci toughness
valueg; It will nouvever ~oflect in hniga bhardness and ceape-

cially in teariag =t bend tests of welded joints,

From among austcuitic creep rezistent stcels used in
power engineering tile widest field of application haz found
the AISI 316 steel. tnis steel has, apart from good plastic
and strain properties waicu are very important c.g. at
fabricetion of tubes with qualily suriace, alsc good strength

properties. st weldrng, of steel of this sype the 1o-45-2
3

congumables, e.g. Yhermenit dicro 2, are uged,
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d. Low-alloy stecls for water and stecam turbine <otorsg

In casze of steam turbines I bricetion of rotora by welding
from several pieces s econowical only when the outpuis over
150 %o 20U W are con-ernad., Yor root beads wrc welding or
automatic PIG/MIG or electron beam welding methods are used.
Purtner layers /filling; of welded joint are most often de-
posited by subaerged-urc welding or, in gome casecs, by manual
electric arc welding. it S~A welding,the narrowx-gap techno-
logy is used with advaniaga.
lotor steels are .103% often of low-alloy Cr.c or wiCrio

type; characteiristic chemical compositions are given in
Table 2. Owiig to ihe required strength propertiems the

ateels have higher cocsbon content f0.20 to 0,25/ thun oon-
ventional structural stcelr. o ensure fine-~grain structure
and, in particular, to attsin the required streungth pro-
perties in as ainealed condition, the steels Lre alloyed

by small quantity of vanadium, and in some caseg Ti or Wb
microalloysd, As tae required strensth properties are rather
high, the forged rotor pwts are refined.

The used alloy basis of tae steel requires good dcal of care
not only at welding but zlso already at »roduction of the
gteel, Crystallization right to peritectic reaction empna-
sizes the segm gztion effects, and consequently these steds
muat contain lower amount of impurities.

the use of titanium or of sldi group may increase, at steel’s
deoxidetion, the susceptiﬁility of the steel to hot or wicro-

-not tearing, if the technology is not sirictly obgerved.
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If we realize what the thermal regime of welding is like,
then the bigiest problem conieccted with welded joint's
goundness id a possible occurence of:

a/ nhot tearing,
by reheat cracks
Phe pre~heat temvercture ranges betwees 300 and 350°¢C.

Mhese values are valid For welding of joint s root which

- owing to the necessity of securing the rotor s axial
aligmaent - is often made in vertical positioint.
Use of higher pre-neat iz not possible from the viewpoint

of metellurgys: owing to vertical pozition the upper part of
root layer is heated morz intensively, and this may sescult
in incorreet foraming of weld. ilere again must be ecauphasized
that increasing the pre-heat temper.ture beyonc tae Js
teomperature of tiie steel is theoretically unjustificed.
for further layers ,/filling/ - which azre deposited

already in horizontal position - the interpass tomperstures
cen be lower by 50 to 100°C. Thz use of high interpass tea-
perature /e.g. the sane as thce pre-heat temperaiure, may
result - egpecially in ccopping beads ~ in trepping /presence/
of higher amownt of residual auctenite.
Steels of this type, both in the HaZ and in weld actal, show

usually only two transfor.iations, as evideat from fig.3
where a typical 2 1/4 Crlilo steel is presented.

Structure of the welded joint zone is in as welded condiiion
formed by hetero;eneous mizture of decomposition phases:

martensite, lower bainite and residual austenite.



-7l -
Among these phase, the islands of massive ferrite can

occur too, The amount of residual austenite usually doecs
not overieach in the HAZ 10%, but in weld metal it can
reach up to 20 to 30%, From the neighbouring unstcble
dccomposition phages carbon can diffuse to this residual
austenite,
Carbonization of residual augtenite still iaproves its sta-
bility. Thus, it is possible when higher interpass tempera-
ture is used ' - that austenite transforas at aninealing to
martensite, It is therefore recommended that when welding
is finished, weld metul is kept on the interpasg tempera-
ture /180 to 25090/ for several hours. During this time,
hydrogen diffusiocu and disintegretion of residual austenite
to martensite take place. In majority of cases, welding is
gucceeded by mtrepss relief aaniicaling, the welded joint teun-
perature not being pernitted to drop below 180°¢ /inter-~
onerational temperature/. Then aunealing iollows while
tihe rate of heating to aniealing temperature sihould not
be higher than 20% per hour at the temperatures up to 300°¢.
The steels used for turbine rotors bhave sucih an alloy base
whica does not inerease their susceptibility to cracking
at welded joints aunealing. The crackiag cen occur in two
temperature ranges: at 100 to 300°C if the heeting rate
is nigh and internal stresscs are accompanied by thermal
stressces induced by tiae difference between the gurface and
core temperaturc of tie weldment, and strustural stresses

induced by disintegration of ovcrsaturated nhages.
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The second temperuturc range is limited by temperaturc beyoad

about 500°C, and ic obgerved at exnauction of crocp on

the grain boundaries, 'The grains thewselves cre hardeaned
either by precipitation of X or substitutionclly, so that
the relaxation of internsl stresses must take place through
creep on the grain bounda.ies.

If tiae voundary spuce is occupied by coarser precipitates,
€ufe M2306 carbides, then at tertizl creep cavities or
reheat ciracks are observed there,

The weldability of rotor gteels is limited by the
above phenoniens. We therefore prefer the gteels with higher
level of purity znd lower content of carbon aiid alloying
elements, this, however, is in contradiction with the re-
guired strength »roporties as well as with the required .
noteh toughness values.

In cazme of stezels for weter turbines, the above requi~
rements are still accoapanied by a very significent requi-~
rement for cevity resistailce. From this reason, nearly ex-
clusively 12%Cr or 12,4Criwiii steels /already discusgsed above/

are uged for water turbines nowadays.

P. Steels for nuclear wcactors pregsure vessels

From the viewpoint of historical developument®, tile nuc-
lear reactor pressure vessel otcecls can be clugeirfied invo

threc groups:
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I, Steels of the firet generation, characterized by yield
point lower thamn 500 ‘i'-I/mm2 of whica the majority of
the existing pregssurc vessels (re made. ais group
includes ASud n 212 -V, 4 302 - B, A 350 L& to
& 350 LP 3, partly L-1, GOS¥ 22K stecels, and Czecho-
slovak modified 13 030 /AlPi/ steel.

A1l these stoels are churacterized by high plesticity,
nigh fracture toughn.ss and low transition temperatu-
re. Owing to comparatively low strength properties,
walls of pressurc vesselg are very thick /froa 60 to

250 mie/ and heavy.

II. Ia the gecond generation, Qi sitcels of higher tea-
gile streugth and yield noint between 500 to S00 Wi /mn
are used. Pthese steels ~re either modificatiouns of
steels of the first generatiou /using éuch alloying
clements which permit Qf treatment -e.g. £ 350 -

LF to LF3/, or &« result of a comgex alloying. lhese

include e.g. steels A 542, 4 543; a 508, I¢-36, GOST 12

Ch 2 Mof, 25 Ch 2ilosr, 15 Ch 2Fa, 25 Ch 2 Wilo\, or Czecho-

glovak refined steel 15 219. .iajority of the present-day

reactor vessels :.lade of taese bainitic or sorbitic steels

steels with good plastic nropcerties and radiation stability.

III. he third gencration is foried by perspective steels,
and should be uged ior production of high-output
reactorg. These are steels with yield point above

1,000 N/mma, Q and I and with higa clailas for pro-
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duction and control. This group includes tue sieels : ASH

& 538 fwaraging/, 12-5-3 /iaraging/, d4Y 100 and H: 130 /1/,
HP 9~4-20 Crido ete.

Chiemical compositions of soms characteristic stcels
of all threge generation sre given iu table 3., this table
ahows thet ~ except suall details - the particular steel ty-~
pes oi various producers have the seac chemical composi-~
tion.

Owing to requircumcats for higa purity, low defects
occwence, good plesitic propertices, and resistancc to re~
diation damege, majority of melts are made in clectric fur-
nacesg with subsequeut vacumuizing. Individual parts of
reactor vessels are .iade as forgiunge ox platcs. In both
cases it requires tlie uze of heav; ingits /70 to 100 tons/x,
production of which pose somc problems.

Ag the majority of reactor pressure vessels worli in
the temperature range from 300 to 35000, the temts for
strength properties at tiaese temperatures are ncceougary,
while it must be cxpected tinat yield point will lecrease
by 40 H/mmz, and strength value by 70 to 100 N/mmzas
comparcd to the values at room temperature, faic requires
that auch attention is paid to heai treatment of forgings,

rolled products or of the whole pressure vessel., ifain
type of heat tre.tueat uged is normalizing and tcemperating.
With plates thicker than 100 mm accelerating cooling from
normolizing temperature using a fine water showor or steam

is often umed. Such treatment results in refineaent of the
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structure, mainly; in the wmiddle of plate or forging, and
helps also to incrcase its sitreugth properties,

With low~alloyesd plates,very oiten annealing within the
temperature range “y = g ig beiny inserted bctween normali-
zing aund temperating recently. This anuealing resulte in
further refinement of grains and improvement of plate’s
plastic properiies. Hormalizing temperacures vary depen-
iing on steel s chemical composition, mainly carbon con-
teat, within the tempoerature range between G30 to 93000,
and tempering temperztures between 60U to 6.0°C.
IT heat treatment with partial custenitization is applied,
then the temperature ran,e between T40 to 780°C iz chogei.
To obtsein betier homozeneity of plate, also double norme-
lizing heat treatiiont can be applied.

In case of gueicaing and temperiing, oil or weter are
uged as a quenchiiy, medium, or possibly, forging or plates
are queiched in press. With steels which cre susceptible
to tearing, surfacc inspection is carried out still during
the process of cooling at the teapervtures vetween 350 to
150°¢. Owing to low content of impurities, taz requircd
plagtic propertics and homofencity, as well as dcocreased
carbon content, the weldability of wc.ctor vessel atcels
is good. However, limitiug coaditions are regquircd bocauge
of great thickness and shape intricacy of the vessel's body.
Usually, eautomatic welding as e.3. gas shielded or submer-

geiérc methods are rezarded &s most sultable.

Blectroslag weldinyg is also uged, if clienical coaposition



-~ 76 =
of plate permitgit. Pre-heat itemperatures range between
250 to 350°C; higher temperatuces are not recommended
due to the danger oi hot tcaring. Speeific heat input
is not limited, with soms technologies /S-n, u~5/ however
optimua temperatures are indicated /e.g. 30to 35 ki/ ca
for S-A weldirg/. rozt welding heat treatment usually
consistyg of stress relief annealing in the tempersture
range from 530 to $60°¢C only. the tcmperature of wecldment
-should not decrease betwceu welding and annesli.g below
180 to 150°C. rost weld heat treatment is to:
1. Eliminate or rocduce the level of iaternsl stresses of
the Ist order
2. Improve the microstructure of the HAZ and weld .etal
3. .linimize the risk of delayed teaiiing
that

Owiig to the fact heat treatment /anuealing/ must
be applied alter cach weld, soaz parcts of the vessel
may be cxposed to the annealing efiect below Al even for
gevecral tens bours, The welds as well as majority of fer-
ritic steels change afteor such keat treatment their mecha-

nicel propertics. It is tucrefore nccegsary with rcactor
steels to ensurc their tempering stability.

The microstructure of reactor prezsure vessel stoels
ig ferrito-pearlitic or, in reactor gsteels witis lower
tonsile strength /Ist generation/, ferrito-carbidic if
thoy are used in as normalized coadition., If tasy are
Q and ¢ their structure is ferrito~beisitic or decompogi-
tion /sorbitized/ aizture of carbides and feriito with
sporadic islainds of pro~eutectoid ferrite. dita alloyed

steels /IInd generation/ no pro-eutectoid ferriteis usu-
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ally found in the struciure,

Owing to the Tact thet in majo.ity of prussure veagels
the anternal surfece is herd f..ced or plated with austeni-
tic corrorion resiutont moterial, hijh reaistvance of
these stcels to forimation of inhoinopensitiez/rcheet cracks

ia particular/during surfeeiag is required.

among the most important criteria for choice of ma-
terial for reactor pressurc vessel ig itz radiation sta~
bility. rthis is tihe reason why copper and cobolt conteant
in the steel wust be limited /Cu max 0.15%, Co .2ax .U2.ua
icult

&specially in tiwe case of alloyed stcels it is did

to keep inc Co content on permiesible level as thig ele-
meit is preseat as an azccompaiying elemeni in nany ferro-

-alloys.

G. S ifi steels

decently, in power engineceriang zlso thc steels of
Warazing" type arc founding their application due to their
good plastic properticy i winus Vewperatures, good welda-
bility and structural stability. In addition to 9% Hi
content, they hove lovw corboin conteat, adequatc silicon
and mangailese contint and reduced coateat of imjucitics.
Chemnical compositions and sose properties arc tabulated
ia tvab. .

Steels of this composition overcome th. zlotropic

3~ ’ ; o .
tra.sforustion \V —»« , while tne temperatuires ., and il g,

-l
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Joanc as thc tomperaturcs AB and Af at hecating/ change

agcording to tho stecl s chemical composition and its

prcvious heat treatmont, ceg.:

320-350°¢
600-T740°C

°
MS = 420-440°C Mf
[+) .
By = 556-580"C Ap

i

Mechanical prop.ortics depond on thae charactoer of martensite

/its sub-structurc, deneity of lattice impericctions, degree

of rc-crystallizction, morphology, proscince of othor phases/.

9%Ni stecl ranks among maraging stocls where the opti-
mum propoertice can be attained only after ccrtain changes
in martcnsitic matrix, Pthecce changes arc attaincd by com~
bined treatment, its main component being heating to tem-
peraturcs near to As or Af. at this, partly thoe precipita~
tion of hexagonal carbide or cceamcatitc in acrioin.itic
watrix, pertly the ro-crystallization of maricnsitc or po-
lygonization processes, and finally ~ this being the most
importent -~ thc reversc 1"caction:1,“> }L-’ 4'" arc ta-
king placc. Even aftcr houting above the AS teaperature
and repcated cooling to room tcemperature, otructurc of the
alloy will be aartoasitic, but its sub-ztructurce will alrc-
ady be chauged. Fug thergore, at such treatmcnt certain
amount of rcoidusl auztcniice lelands will rcmain in the
mertengitic amatrii. an opinion prevails that this rosiduml
austenite Soptiaum amount of which decs not oveorrcach 10%,
contributes to good netclhy toughiicss., It iz avle to diosolve

carbon, nitregen and furticr cleicuts /i, !Ma, Cu/, oo
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that the mciznbouriipg matrix is tacen non-aging. Vory impor-
tant is the tomperaturc of tempering after queching or nor-
malizing. ifost guitablec is the tumperaturce about 570°¢, at
which the residual sustenite ic gteble up to tho temperetu-
ro below -200°C._Highcr anticeling temperaturcs cause the
incrcvascd content of leuom carbon saturated austonite which
deconposcs ot highur tcmperaturcs /obove-196%¢/ - Cag. at
tempering at 790°C it decomposes alrcady at 520°C, ‘ihe struc-
turc of in this way trecatoed matorial consiasts of tcapered
martensite /with forritie cub-grainz and small amount of
carbides/, and astable austcnitce disperscd on grain and gube
grain bowndarics.

The nost common heat trcatacnt of 9. tocl is double
normalizing with subgcquent tempering, but also quinciing
in water and tecmpering is uscd. In the letter case stecl
shows gomcwhat higher siicng'th choracicrietics and, iy gecms,
goiacwhat better noteh toughmess. Structure ¢f the steecl is
similar in citaor casc.

dlatcrial ticatced ia this way gains at rathor high strength
choracteristico also high touzliacess anl cxeelleat low-tempe-
rature propcrtics. when the test temn-u.fure ie decreaced
up to ~2OD°C, yicld and stremgti roipts incrcasc preportio-

2 and morc,

nally to the temp.ratuso(Y.S. up to 1,200 il ma
U.P.S. up to 1,300 N am® and more/, ductility and contraction
arc changed incxprecsively, and plastieity ic conccoquently
maintained. Bqually good arc also futiguc propertics = c.g..
at high-cyclc loading the fatigue limit takca about 60% of

the U,T.S. liotcn toughmess at =196° € i3 usually still hig-
her than 50 J.
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Captionc

Fig. 1. felation between yiceld point and transition tempe-
raturc of notch toughnecsms for low-carbon steclc with diffe-

reat microstructures

Fig. 2. Rolation betwecn grain size and yicld point of
low-carbon stcels with different structurcs

Fig, 3. Diagram of custenite dccoamposition under conditions

of welding for conventional 2 1/4 5 Cr 1 % ilo stocl

Table Y, Briof revicw of hcat recisting stecls
Table 2. Steolo for turbinc rotors

Teble 3. Chemiczl composivion and soemc propertics of stecls

n

inteuded for reacitor prissurc vegsel
Table 4. Chemical composition and somc properties of 9wWii

ctecls
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Table 4

Chemical composition und some properties of 9% Ni steels.
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CONSUMABLES FOR SUBMERGED ARC WELDING IN POWER INDUSTRY

In submerged aro welding the welded joint quality
depends on the correct choice of consumables i.e., the
conbination of flux and filler wire. The present paper
deals with problematic of fluxes, as the flux to distin-
guish from filler wire, not only influences the metalur-
gical features of weld metal, but is the decisive fac-
tor for the technological proces of welding as well,

Whereas in case of the filler wire choice the ge-
neral rule 1s holding to whioh in case of welding a gi-
ven steel quality a wire of matching chemistry is chosen,
this is not the case with the flux choice, The flux as
such has a far broader influence and its aplicability
is generally not restrioted on a certain steel quali-
ty. The same flux can be applied in welding of a whole
range of steel qualities, this in meany cases of alloyed
as well as unalloyed steels.

The scale of steels applied in weldirg of products
for power industry is very broad. Here unalloyed, micro-
-alloyed, low-alloyed steels for service temporatures
up to 450°C as well as high-alloyed austenitic steels
of Crlli-, MnCr-type can be found. Besides that the con-
siderable part is represented by building up high-al-
loyed deposites by the strip electrode, above all in
the fabrication of ruclear-power station components.

.Ow ;g to such broadness of this problematic we held

for useful +to treat the fluxes from a general viow.
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l. Influence of the flux basicity grade.

The basicity grade of the fluxes is by most of
the authors clasified as the decisive factor influenc-
ing the metallurgical features of weld metals. To expres:
the flux basicity grade a great scale of relations has
been elaborated, For the most suitable I hold the one

elaborated by Tuliani Boniszewsky and Eaton /1/ namely:

Ca0 + Mgd 4 BaO & Sr0 + K,0 + Li,0 4 CaF, + 5/Mn0~Fe0/

810, + 3 /AL,05 + Ti0, + 720,/
The contens of oxide components is given in % .

This relation is the expression for reducing’ and
ox1dizinBeatures of fluzes. Tts use makes it possible
to determine e.g. the relation between the basicivy
grade B and +the content of silicon in the weld metal,
This relation for determining the basicity grade has
been applied for the flux classification according
bo ITW re/.

. nacently a nex law for the metallurgical flux
characteristic has been introduced by Zeke /3/. This
relation is of a similar meaning as the flux bhasicity-
-grade, To distinguish of the previous relations based
on tre molecular theory of the slug systems stvruciural
characteristic Zeke uses the ion-theory aproach. This
new nmetallurgical characteristic is designated as noéﬁ

«nd reads:

n0Zy + mRO & mR,0 - /2mS10, + 2m Ti0, + mAL,0n/ wheve:
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mRO is the sum of the oxide-moles of doublevalent ele-
ments and nogﬁ means the free oxide gramions number 02"
missing for the oompletiom of the whole 5102, Ti0,
and A1203 content into complex anions Sioi', Tio4’,
and A107,. The lower is the absolute value of the nogﬁ
-expression, the higher is the basicity of the flux.
The metallurgical characteristic makes it possible to
express quantitatively by means of the so called sili-
con reduction factor /KIRSi/, or the manganese reducti-
on factor /KIRMn/ the silicon or manganese reaction res-
pectively, according to the Foliowing expressions:
KIRg; = n05; . WSi0, . /1 - 78 Mno/
where: NSiO2 represents the molar fraction 5102 )

MmO represents the molar fractvion MnO and

KIRM.n = Mno . /1 - KIRSi/ .

The flux basicity generally influences favourably
the mechanical properties of weld metal /4/. Encreasing
basicity decreases the weld metal Si-content., This is
connected with the reduction of nommetallic silicate
inclusions and herewith also of the oxYVgen contents in
weld metal, Tuliasni /4/ e.g. reports that 0,1 Si redu-
ced from of flux imports into the weld metal 0,01% 0y
Increasing basicity influences favourably the S-content
/4,57,

The basicity effect is often put into connection
with the favourable influence of fliux on the fine-grain

structure formation /6/. This is atributed to the flux
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physicel properties. The basic fluxes give the so cal-
led "short slug" in general, i.e. slug with a narrow
solidification interval, The narrow flux solidificatiion
interval is a favourable contribution to the fine-grain
mictostructure.

The mentioned favourable effect of the flux basi-
city predetermines the vasic fluxes for welding of un-
eagsier weldable low- and/or high-alloy steels, 1f it
1s difficult to attain the required plastic properties
namely the notch toughness values, As just welding of
the power industry equipment concerns the more preten-
tlous steol qualities the basic fluxes are finding in
this sphere broad application., On the other hand the
use of acid fluxes which in practice are represented
by the so-called high silicon and high manganese types
comes into question only in unalloyed structural, even-

tually microalloyd steecls.
2. Influence of some main flux components,

Although the main criterion from the point of me-
tallurgical Influence is the flux basicity we take it
necessary to point to the effect of some main flux
components governing mainly the transition of some
elements into the weld metal. The influence of the
components on the transition and/or melting loss of
alloying elements is essentlal especially in welding
of some high-alloy CrNi steels as well as strip depo-

siting by electrodes of ihis type which oceur s above
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all in the fabrication of nueclear power stations.

The Influence of some basic components in flux
on the C, S1, Mn, Cr, N1 content in weld metal cen be
assessed from experimental results acquired in the fra-
mework ef the development of the basic flux VUZ-4
Bal /Bf.

To assess the transition of the mentioned elements,
fiverun~ deposity werc built-up with the 18/15 Cr/Hi
type wire whereby the fifth deposit. layer has been
analysed. The chemistry of the applied wire was 0,022 C,
1.56 Mn, 0.24 5i, 19.87 Cr 1513 Ni /%/. In the experi-
mental fluxes the 5102, Cao, A1203, ¥n0 and CaF has

been varied.

The 5102 influence.

The Si02 content has been dosed into the dry flux
mixture such as the separate trial fluxes would cont ain
2% 4% 6% 8%, 10 %, 12 % or 15 % Si0, Whereby the
remaining components ratio remained unchanged, as in
the base flux.

The influemce of the changing 510, content in flux
on the studied elements /except C/ transition is pro-
cessed in diagram on Fig, 1. It became evident that
with melted bas*ﬁtype fluxes carbonisation does not
take place and the studied flux components practically
do not influence the C- content in the deposit, From
Fig., 1. it is evident that with increasing Si02 con-

tent an expressive increase in Si transition takes
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place, On the other hand the Mn transition is diminisgh-
ing and with 510,-content in flux higher than 6 % the
Mn-content in deposit is lesser than the original Mn-~
«content in wire. That means that Mn due to the manga-
nese-silicon balance is oxiding and transiting into slag.
The 5102 increment affects infavourably the Cr melting
loss which although slightly is nevertheless continu-

ally increasing.

The Ni-content - remains practically unchanged,

The CalO-influence.

In trial fluxes the CaO-content has been dosed in quon-
tities of 6, 8, 10, 12, 14, 16, 18, 22 and 24 %. The
established results are plotted in diagram Fig. 2. Cal
being the basic component influences the Si-transiti-
on into deposit reversiy than 810, whereby, however,
the Cad influence is not so expressive as with s102.
With a Ca0O-change of 18 %, Si-content in deposit chan-
ged onlyb3.26 %, whereas with a 16%-change of 5i0, the
established change of Si in deposit was 0.47 %. By ad-
ding Ca0 the Mn-content in deposit is increasing, The
Cremelt loss is unfavourably affected by the increasing
Ca0-content. Like with 5i0, the CaO~change does not in-

flvuence the Ni-content.

The A1203-inf1uence.

The composition of the studied elements in deposits

built-up with fluxes, the A1203-content of which varied



- 32 -
from 32.5 to 52.5 % is on Fig. 5. The Al,05-increment
is causing a slight increass in the Si-transition and
increase in the Cr-melt loss. The influence of A1203
on the further two studied elements is om the whole

not apparenti,

Influence of the eparate flux components can be summa-
rized as follows:

The alloying elements melting loss especially of Cr is
favourably influenced.by fluorides as-well as by the
Ca0 and Mg0 basic oxides., The melting loss is on the
other hand ufavourably influenced by Siog, MnO and also
by A1203.

The transition of Si which can have unfavourable
effect on plastic properties, eventually influonce also
crackability is above all governed by the Si0, content
in the flux.

From the above it ensues thet for wkliing and/or
surfacing of high alloy steels the mostly favourable
would be the non silicon fluxee consisting of fluorides
and oxides of the mostly negative thermodynamic poten-
tial represented mainly by Ca0 and MgO.

The non silicon fluxes do, however, in practice not
exist, as with such fluxes no sultable operative and/or
shaping properties of welds could be attained,lirom the
point of shaping it is essential that fluxes, mainly in
case of surfacing by strip electrode on which from the
point of operative and shaping properties high demands

are claimed, should contain certain quantity of Si02.
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Thls is important also for securing freedom from poro-
sity in the deposit, For that reason the realistic fluxes
contain minimn from 6 to 8 % of S10,.

3. The problematic of melted and unmelted fluxaes.

According to the method of fabrication the fluxes
are classified principally into two categories, namely
the melted and the unmelted ones, The unmelted fluxes
can be fabxecated by various technologies, To-day, howe-
vey defln jlely the procuction techmology of the azlome-
rated fluxes is predominating.

When comparing melted gnd unmelted fluxes, as the
main merit of the melted ones the better operative and/or
shaping properties could be held. The reascn for that
is the faet that with melted fluxes some components,
especially carbonates are decomposing zlready during
their fabrication ~ melting process -~ so that the flux
is degasified. In unmelted fluxes the: g components re-
main in their original form, e.g. CaCOB or MgCOB. In
course of welding these carbonates disscciate according
to reactlons:

CacOy - Ca0 4 00,
MgCOy - ~ HgO 4 0O,

The arisen carbon dinxide has then unfav-urable
effect on the weld process stability and/or deposit

shaping.
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The further merit of the melted fluxes is the fact
that they do not contain any hygroscopic components, do
not show aptness to wettability and therefore are sho-
wing lowggsgégtibi}%k?porosity. The melted fluxes can
manifest themselves frex the point of § and T content
in the weld metal, This is the consequence of the fact,
that during the melting process a partial reduction in
sulphur, eventually phosphorus content in the #iux is
achleved and this influences then secundarily favouratle
also the S and P content in weld metal,

However from the metallurgical point the meltied
fluxes offer less possibilities than the unmelied ones.
Beaides 81 and Mn, the mclted fluxes are giving only
s slight possibility to alloy the weld metal by further
additions as the alloying elements, or deoxidiziig .eub-
stances cannot remain in the flux in a non reacted form
&8 they already oxide in course of the melting proccss
during the fabrication,

The ummelted fluxes offer in zgeneral more favoura-
ble conditions for securing higher intemsit; of the re-
action between slag and metel. Dy means of unmelted
fluxes it 1s e.g. possible to alloy the weld mectal Ly
different elements and this in.a relatively wide range
as well as to secure a good dexidation ol th~ voiuw
metal,

Owing to thess meriis, the uunelted fluxes arc
applied presently mainly in welding the difficultly

weldable low alloy and/or high strength steels as well
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ag steels destined for low temperature service.

For illustration we give in Fig., 6 the plot of
notch toughness of the weld metal deposited with help
of the aglomerated VUz-N341Ba flux /6/. For the sake
of comparison the plot includes also courses of the
notch toughmss mean values which were established under
similar conditions with the selected melted fluxes VUZ-2Ba,
VUZ-4BaF and VOZ-34Mn,

* 4, Conclusion

With respect to the broad range of steels coming
into consideration for welding in the power industry
there 1s the possibility te turn to account fluxes of
different type. The flux choice can be governed by the
foliowing principles:

Por welding unalloyed structural steels the high
manganese and high silicon fluxes are to be used.

For welding of low alloy and/or high alloy steels
the application of basic type flux is favourable,

For welding diffiocultly weldable alloy sieels the
unmelted basic fluxes are especially favourable, this
due to their higher metallurgical azetivity.

For strip electrode welding and/ox surfacing of
high alley Cx/Ni-type steels, with regard to melt los~
ses of the alloying additioms 1t is suitable to produ-
ce fluxes of high flprine compenents cortent, containing
at the same time Cal® and MgO.

The choice of the fillet wire i1s generally governed
by the principle, that the wire should be of the sanme



ehenistry as the welded steel, whereby it can be im-
proved by some alloying additions and by of a lower
impurity grade than the parent metal.
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