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1. Introduction

Surface condition of structural components has
been a persistent problem in modern engineering applica-
tions. Using cladding techniques, it is possible to improve
surface properties, such as wear, corrosion and oxidation
resistances and to take advantages of a long service life
and the consequent reduction of total cost. Submerged arc
cladding has been used in modern industries, especially for
heavy section steels and for large structure surfaces need-
ing to be modified [1, 2].

In submerged arc welding, there are several ways
of increasing welding efficiency. The following are known
as multiple-wire welding, multiple-electrode welding, hot
wire welding and welding with metal powder addition [3].

The influence of composition and heat treatment
of overlays on abrasive wear resistance of iron base hard
facing alloy overlays is reported in work [4]. Overlays
were deposited on structural steel by using shielded metal
arc (SMA) welding process using two commercial hard
facing electrodes, i.e. Fe — 6%Cr - 0.7% C and Fe - 32% Cr
—4.5% C. It was found that wear resistance of high Cr-C
coating is better than low Cr-C hard facing under identical
conditions. Post — weld heat treatment enhanced abrasive
wear resistance.

Fe-C-Cr weld surfacing layers with different
compositions and microstructures can be obtained by sub-
merged arc welding with welding wire of low carbon steel
and high alloy bonded flux [5]. With the increase of Cr and
C in layers, the microstructure is changed from hypereutec-
toid steel to hypereutectic iron. The experimental results
lay a foundation to make double-metal percussive plates by
surfacing wear resistant layers in the substrates of low car-
bon steel.

The microstructure and high temperature stability
of an iron-based hard facing alloy of nominal composition
Fe-30Cr-3.8C (weight percents) deposited by manual metal
arc welding has been investigated using microscopy, mi-
croanalysis, dilatometry and thermodynamic modeling [6].
In the as-deposited condition, the undiluted alloy was con-
firmed to consist of a mixture of M;C; carbide and metast-
able austenite containing high chromium concentration.
Since the properties of alloy can depend on the stability of
austenite. Annealing experiments were carried out to in-
vestigate the decomposition of austenite into a mixture of
ferrite and carbides. The results demonstrate that at tem-
peratures around 750°C the austenite starts to decomposite
rapidly, beginning either the precipitation of M,;Cs car-
bides, although the final equilibrium phase mixture is sim-
ply chromium — depleted ferrite and M,C;.

In work [7] the abrasive wear behavior of hyper-
eutectic and hypoeutectic based Fe-Cr-C hard facing are
reported and integrated in terms of microstructures. The
coatings were deposited onto a grey cast iron substrate by
shielded metal arc welding using two commercial hard
facing electrodes. It was found that hardness of hypereu-
tectic coating was significantly higher than the hardness of
hypoeutectic coating. In both cases, optimum hardness was
achieved within the first deposited layer. The abrasion tests
showed that there was no significance difference in wear
resistance of hard facing at higher loads and there was con-
trasting wear behavior in dry and slurry conditions.

Various methods of overlay welding for steels are
used. The simple technology of arc welding (manual auto-
matic under the flux or in protective gas) enables to obtain
the hard and wear resistance layers. The seamless and
powder wire, powder of alloying elements are used for arc
welding to obtain an alloyed layer.

In presented work, the structural grade 45 steel
was overlay welded using powder electrodes by arc weld-
ing method under the coating of flux.

The purpose of this work is to investigate the
structure, properties and wear resistance of overlay welded
layers by using powder electrodes with carbon, chromium
and P6MS5 steel powder filling.

2. Testing procedure

Specimens for the investigation of microstructure,
measurement of hardness, heat treatment and cutting pun-
ches were made from structural grade 45 steel (0.42-
0.5% C, 0.17-0.37% Si, 0.5-0.8% Mn) overlay welded with
powder electrodes under the flux AH-348M (%): SiO,41-
44; Mn0O34-38; CaO up to 6.5; ALL,Os up to 4.5; CaF, 4.5-
5; Fe;O; up to 20.

The powder electrodes were manufactured from
low carbon 0.2 mm thickness steel tin coating and powder
mixture filling which contain the powder of graphite,
chromium and P6MS5 steel powder. Drills grinding wastes
were cleaned with solvent from oil, then dried out at 150°C
temperature and used as P6M5 steel powder.

The specimens were overlay welded with sus-
pended automatic device having special movable part for
powder electrodes. Welding current — 250 A, welding
speed — 0.22 m/min, support of electrode — 0.9 m/min.

Digital metallographic method was used for the
investigation of microstructure of overlay welded layers.
This method allows to precisely evaluating microstructure
of layer. For microstructure evaluation, digital code of mi-
crostructure was obtained using digital video camera YCH



15 and treated by computer information equipment Video
Kit SE100 [8].

Chemical composition of overlay welded layer
was performed by mass-spectrometer and micro-laser ana-
lyzer which enabled to fix changes of chemical composi-
tion of overlay welded layer in its whole depth.

Wear investigations of overlay welded specimens
were performed by wear determining die [9], which is pre-
sented in Fig. 1.
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Fig. 1 Wear determining die: 1 - micrometer screw;
2 - movable support; 3 - specimen attaching goke;
4 - specimen holder; 5 - specimen; 6 - clamp of cut-
ting strip; 7 - matrix; 8- matrix holder; 9 - cap;
10 - spring; 11 - adjustable support screw

Overlay welded specimen with perpendicularly
grinded cutting edge was attached in the die specimen hol-
der and it cut cyclically moving 0.5 mm thickness electri-
cal-sheet steel strip. Seeking to eliminate the influence of
matrix wear on the wear of overlay welded specimen its
cutting part was made from hard alloy. Overlay welded
specimen wear was evaluated by geometrical change of
cutting edge. Wear of punches edge and rake surface was
measured by microscope. Wear measurement scheme is
shown in Fig. 2.

Retained austenite amount of overlay welded lay-
er specimens in the surface layer was determined by roent-
gen diffractrometer URS-501 using the lamp with iron an-
ode. The amount of retained austenite was determined ac-
cording to V.A. Landau methodology, using the formula:

A=( 52 oo

where B = , A is amount of retained austenite, %;
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h, is peak point of austenite (311) on X-ray diagram, mm;
h,is peak point of ferrite (110) on X-ray diagram, mm.

Hardness of materials shows generally their me-
chanical properties so hardness measurements were used
for their determination. Microhardness was measured per-
pendicularly to the overlay welded zone by 0.02 mm inter-
val.
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Fig. 2 Scheme of punches wearing
3. Results of the investigation

Alloying layers with the chromium, silicon, man-
ganese, molybdenum, vanadium and tungsten was obtained
by overlay welding the structural grade 45 steel with pow-
der electrodes containing carbon, chromium and drills
grinding wastes grade P6MS steel powder in (Table 1).

The amount of chromium and carbon in layers
depends on the amount of elements in powder electrodes
filling. Additionally, the layers were alloyed by molybde-
num, vanadium and tungsten contained into grade P6MS5
steel powder. A part of alloying elements contained in
grade P6M5 steel powder burnt out in high arc tempera-
ture, and furthermore, on drills grinding process, separate
small fractions of grade P6MS5 steel heat up to high tem-
perature and because of burning of an alloying elements,
their amount decreased. Overlay welded layer was alloyed
additionally by chromium and carbon contained in this
powder. Manganese and silicon from liquid slag passed to
the layer, because basic flux elements SiO, and MnO were
used.

On cooling under the flux and liquid slag, the al-
loyed layers were hardened. Hardness of overlay welded
layers is shown in Table 2.

The structure was formed of martensite, trostite,
carbides and retained austenite because cooling process of
the overlay welded layers is slow.

Hardness of overlay welded layers depends on the
amount of structural phases. Tempering of the layers at
500-600°C temperature causes decrease of hardness, ex-
cept the layer overlay welded by electrode containing 10%
graphite and 25.0% chromium. Hardness of the layers in-
creases from 46 to 55 HRC after tempering at 500°C tem-
perature. The first three layers were low alloyed and con-
tained not enough of carbon for proceeding of secondary
hardening. The layers are not resistance to heat condition,
so, welded structural steel 45 investigated using chosen
powder electrodes, can be used for parts or tools which at
the time of its exploitation heats up to low temperatures.
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Table 1
Chemical composition of overlay welded layers
Composition of electrodes filling, Amount of elements, mass %
%
C Cr P6MS C Si Mn Cr Mo \Y W Fe
6.0 25.0 69.0 0.44 0.98 1.93 3.8 0.63 0.15 0.98 5
8.0 20.0 72.0 0.57 0.86 1.81 2.24 0.49 0.09 0.93 'g
10.0 15.0 75.0 0.63 0.88 1.90 2.09 0.62 0.15 0.96 %
10.0 25.0 65.0 0.65 1.01 2.01 4.30 0.67 0.17 1.02 ~
Table 2
Influence of tempering temperature on the hardness (HRC) of overlay welded layers
Composition of electrodes filling, % Tempering temperature, °C
C Cr P6MS Without tempering 500 550 600
6.0 25.0 69.0 57 51 43 37
8.0 20.0 72.0 52 44 42 34
10.0 15.0 75.0 55 52 47 41
10.0 25.0 65.0 46 55 48 41

Microstructures of overlay welded layers are  the different amount of retained austenite (from 12 to 37%)
similar to each other (Fig. 3). Carbide phase is low in the = was determined.
layers, but in all tested layers by roentgen-structure method

C d

Fig. 3 Microstructures of layers overlay welded with powder electrodes containing: a — 6%C, 25%Cr; b — 8%C, 20%Cer;
¢ —10%C, 15%Cr; d — 10%C, 25%Cr. Additionally, grade P6MS5 steel powder was put into electrodes



Durability of punches manufactured from overlay
welded grade 45 steel was determined by cutting of steel
plates.

The punches after heating at 850°C temperature
were hardened by cooling them in to oil and then tempered
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at 150°C temperature. Hardness of the layers of 55-
57 HRC units was obtained the amount of retained austen-
ite in layers was from 12 to 37%.

For comparison of testing results, one punch was

manufactured from standard XBI steel (Table 3).

Table 3
Wearing of overlay welded punches depending on the number of blows
Composition of elec- Amount of re- . Number
trodes filling, % tained austenite, Number of punch blows, x1000 Wearing of spe-
C Cr P6MS5 % 5 10 15 20 cimen
0.0025 | 0.011 0.018 0.02 Edge 1
60 | 250 69:0 37:0 0.002 0.009 0.012 0.018 Rake
0.024 0.04 0.043 0.052 Edge
80 1 200 72:0 14.0 0.015 0.025 0.03 0.031 Rake 2
0.01 0.019 0.022 0.028 Edge
1007 150 750 27.0 0.003 0.01 0.015 0.018 Rake 3
0.01 0.02 0.027 0.032 Edge
1007 250 63.0 120 0.008 0.018 0.021 0.023 Rake 4
0.03 0.045 0.055 0.059 Edge
Standard steel XBI' 0.021 | 0.038 0042 | 0049 | Rake XBU
in the overlay welded layer was 12%. This might be ex-
0.06 plained by greater amount of carbon, chromium and car-
& 0.05 ] —A bides increase resistance to wear. The overlay welded
g /0//“/ —o—1 punches weared less in comparison with the punches
e 0.04 ——2 manufactured from standard XBI steel. Depending on the
g 0.03 ) —3 composition of powder electrodes filler, wear resistance of
2 ‘/ 4 overlay welded punches is higher twice than of the
2 0.02 > g XBI punches manufactured from XBI steel.
9 —
= 001 4. Conclusions
0 -
5 10 15 20 1. Alloye.d layers cgntaining tungsten and molyb-
denum were obtained by using P6MS5 steel powder manu-
0.05 factured from drills grinding wastes. Tungsten and molyb-
, 4 denum are basic elements for alloying tool steels. That is a
E 0.04 - —1 good possibility to save expensive tungsten and molybde-
b / | a2 num industrial production powder.
£ 0.03 —a—3 2. The layers with the hardness of 57 HRC units
§ 0.0 _ 4 but with different amount of retained austenite were ob-
o /</ XBI tained by overlay welding of structural steel 45 with pow-
I 0.01 — 4 der electrodes containing grade P6MS steel, chromium,
~ and graphite powder filler under the flux.
0 3. The testing results of experimental stamp show
5 10 15 20 that the overlay welded layers are resistant to impact loads.

Number of punch blows, x1000

Fig. 4 Wearing of overlay welded punches depending on
the number of blows

Wear resistance of steel depends on its structure
and hardness. Testing of the punches was performed by
experimental stamp. Hardness of the punches was similar,
but the amount of retained austenite differed widely.

The punche overlay welded with electrode con-
taining 6%C, 25Cr % and 69% grade P6M5 steel powder
filler weared less (Table 3, Fig. 4). This layer contained
37% of retained austenite and weared at least. That allows
confirming that this amount of retained austenite increases
wear resistance. The punch overlay welded with electrode
containing the 10%C, 25%Cr and 65%P6M5 steel powder
filler weared less thought the amount of retained austenite

Retained austenite has an influence on wearbility of layers
with the same hardness. Wear resistance of the layers con-
taining more retained austenite is higher. The layers con-
taining more carbide weared less, too.
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P. Ambroza, T. Pilkaité, S.J. Chodocinskas

CHEMINES SUDETIES IR STRUKTUROS [TAKA AP-
VIRINTO KONSTRUKCINIO PLIENO SAVYBEMS

Reziumé

Darbe istirta lankiniu buidu milteliniais elektrodais
po fliusu apvirinto plieno 45 struktiira ir savybés. Milteli-
niy elektrody uzpildui panaudoti plieno P6MS milteliai,
i§skirti i§ grazty Slifavimo Slamo, bei chromo ir grafito
pramoninés gamybos milteliai. Apvirinty sluoksniy struk-
tira ir savybés istirtos metalografiniu ir rentgenografiniu
budais, matuojant kietuma, spektrine analize nustatant che-
ming sudéti. Eksperimentiniu Stampu nustatytas apvirinty
puansony patvarumas. Karpant elektrotechnini pliena, ap-
virinti puansonai, palyginti su irankiniu plienu XBI', dilo
maziau.
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INFLUENCE OF CHEMICAL COMPOSITION AND
STRUCTURE ON THE PROPERTIES
OF OVERLAY WELDED STRUCTURAL STEEL

Summary

In presented work the structure and properties of
overlay welded structural grade 45 steel by using arc weld-
ing method under the coating of the flux was investigated.

Drills grinding wastes of grade P6MS steel pow-
der, chromium and graphite industrial production powder
were used for powder electrodes filler. The structure and
properties of the layers was investigated by using metal-
lographic, roentgen-structure methods, measurements of
hardness. Chemical composition of overlay welded layer
was obtained by spectral analysis. Wear investigations of
overlay welded punches were performed by using experi-
mental stamp.

The overlay welded punches in accordance with
wear testing results is higher twice than of punches manu-
factured from grade XBI steel.

I1. AMOpo3a, T. [Tunkaiire, C.-11. Xogounuckac

BJIMSIHUE XUMUYECKOT'O COCTABA 1
MUKPOCTPYKTYPbI HA CBOUCTBA
HAIIUUTABJIEHHOU KOHCTPYKLIMOHHOU CTAJIN

Pes3owMme

B pabore wuccrnenoBaHa CTPyKTypa W CBOMCTBa
KOHCTPYKIIMOHHOW cTanu 45, HaIuIaBIeHHOW MOPOIIKOBBI-
MU 3JIEKTPOJaMHU JTYTOBBIM CriocoooM 1ox ¢urocom. s
3aIlOJTHUTEIEH TOPOIIKOBBIX AJIEKTPOAOB OBLI MCIIOJIB30-
BaH MOPOILOK ctanu P6MS, nomydeHHsIl U3 11aMa IUIH-
(hoBaHMs CBEpII, a TAKXKE IOPOLIOK XpoMa U rpaduTa mpo-
MBIIIJIEHHOTO Tpou3BozcTBa. CTpyKTypa M CBOIiCTBA Ha-
TUTaBJICHHBIX CJIOEB HCCIEAOBAHBI METaJUIOrpadHIecKuM,
peHTreHorpadguIecKuM Crocobamu, U3MEpEeHHEM TBEPIIO-
CTH, CHEKTPAIbHBIM aHAIM30M XHMHUYECKOTO COCTaBa.
OKCHEepUMEHTAIBHBIM IITAMIIOM OIPEETIeHa CTOHKOCTb
HaIUIaBJICHHBIX c10eB. HammaBiaeHHbIE TyaHCOHBI IPH pe3-
K€ 2JIEKTPOTEXHUYECKOHN CTalM MEHBIIIE U3HAIIMBAJIKCE 110
CPaBHEHHIO C ITyaHCOHOM, H3TOTOBJICHHBIM U3 HHCTPYMEH-
TanbHOU cTanu XBI'.
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