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1. Introduction

Mechanical characteristics of a weld depend on
the flux composition and welding process parameters used
in the arc automatic welding [1]. Investigation [2] shows
that resistance of welded joint to tension stresses and dy-
namic loads is higher when microstructure of the weld con-
tains acicular ferrite. Acicular ferrite can be formed when
flux contains boron, titanium, vanadium and other mate-
rial’s oxides [3].

When the flux containing TiO, is used in welding
the weld is alloyed by titanium and acicular ferrite which
improves mechanical characteristics of the joint [4].

Paper [5] deals with the effect of molybdenum,
boron and titanium on microstructure and mechanical
characteristics of the weld metal. The flux containing
21.24% SiO; + Ti0,; 27.29% CaO + MgO; 33.86% AL O,
+ MnO; 17.55% CaF, was used. There were 0.2% Mo;
0.072% C; 1.3 — 1.5% Mn, up to 0.4% Si, 0.012% Ti and
up to 0.018% B in the overlay. Small and evenly distrib-
uted inserted particles stimulated formation of the acicular
ferrite. Boron distributed around austenite grains retarded
formation of polygonal ferrite.

Addition of TiO, into a flux influences micro-
structure and properties of arc welded joint [6]. Four fluxes
containing 9, 12, 15 and 18 % of titanium were used for
welding with low carbon wire. The same welding regimes
but increasing titanium amount in the flux resulted the in-
crease of acicular ferrite and improvement of mechanical
characteristics.

Automatic submerged arc welding of pipe steel
APJ H5 LA - 70 resulted welded joint containing 0.7 -
0.99% Mo and 2.03 - 2.91% Ni which showed higher resis-
tance to dynamic loads at low temperatures [7]. Micro-
structure of the weld consisted of acicular ferrite and bain-
ite.

The effect of titanium on the APJ 5L — X70 steel
subjected to submerged arc welding weld microstructure is
investigated in [8]. The best proportion between micro-
structure and toughness was obtained at 0.02 - 0.05% of
titanium in the weld. Depending on titanium amount the
microstructure can contain acicular ferrite, grained ferrite,
widmanstatten ferrite, bainite and others.

Various composition fluxes are used in automatic
submerged arc welding of steels. Change in flux composi-
tion results the change of the weld composition and micro-
structure and it improves mechanical characteristics of the
welded joint. No investigation related to the use of waste
materials for welding is found. The objective of this inves-
tigation is to analyze microstructure and properties of the
steel metal obtained in welding and overlaying welding by

the use of waste material, i.e. to determine the effect of
waste materials elements on the weld and overlay metal
microstructure and properties.

2. Materials and test procedures

Steel Ct3 widely used in machine production and
low carbon not alloyed welding wire CB08 were selected
for welding and overlaying welding tests. Specimens were
prepared from 8 mm Cr3 steel bar which has been grinded
and cut into 8 x 14 x 40 mm pieces. Quality of the welded
joint was assesed by tension test of the 8 mm thick 40 mm
width and 70 mm length plates obtained by welding of the
specimens after the edges were removed. Specimens by
size 6.5 x 15 x 80 mm were produced for tension tests.

Structural steel Ct3 (Russian grade) (0.14 -
0.2% C; 0.12 - 0.3% Si; 0.4 - 0.65% Mn) was subjected to
automatic submerged arc welding [9] when powder mix-
tures were sprayed over the specimens surface and melted
by welding wire CB0O8 (Russian grade) (C<0.1%;
S1<0.03%; Mn = 0.35 - 0.6%, Cr <0.15%, Ni<0.3) arc.

Mostly fluxes containing SiO, and MnO are used
for the welding. When the flux is melted a slag is formed
in the arc burning zone, Si and Mn from it’s content deoxi-
dize welding bath metal and assure necessary metallurgical
processes. It was tried instead of standard flux to apply for
welding and overlaying welding powder mixtures whose
main component is grinded glass. Glass component SiO,
deoxidized weld metal and alloyed it by silicon. Powder
mixtures contained crushed grinding wheels (containing
SiC) and cast-iron and high speed steel P6MS5 (Russian
grade) crushed chips. TiO, and TiC powder obtained heat-
ing titanium chips at 1050°C temperature without protec-
tive atmosphere or at 950°C temperature in carbiurizing
surrounding (carbiurizer). The use of titanium chips not
subjected to heat treatment is complicated because the
chips are plastic and it is difficult to crush them into pow-
der. To alloy weld and surfacing metal by manganese and
chromium the industrial production Fe -70% Mn and Fe —
60% Cr powder was added to the mixtures.

3. Results of the investigation and data analysis

Overlaying welding of the Ct3 steel by various
materials powder mixtures resulted the layers alloyed by
elements contained in powder. Composition of the powder
mixtures and hardness of the surfacing layers are shown in
Table 1.

The most mild layers is welded under glass pow-
der, because it contains least carbon amount. This is
proved by microstructural investigation (Fig. 1, b): amount



Table 1

Composition of powder mixtures and hardness of the layers obtained in overlaying welding

Composition of powder mixture, % Hardness,
Glass Cast iron P6MS5S SiC TiO, TiC Fe — 60% Cr AMSI1 HRC
100.0 14
100.0 7
70.0 30.0 19
60.0 30.0 10.0 23
60.0 30.0 10.0 49
70.0 20.0 10.0 38
70.0 30.0 24
70.0 20.0 10.0 49
70.0 30.0 32

of pearlite is smaller than in case of welding under stan-
dard AMSI flux layer (Fig. 1, a). Even harder layers can
be obtained using glass powder mixtures with other mate-
rials powder. The hardest layers were obtained in sub-
merged arc welding using mixtures containing TiC or
P6M5 powder. At high arc burning temperature welded
layers were enriched by carbon, influencing layers harde-
nability. At the same time the layers were alloyed by tita-
nium, tungsten, molybdenum and etc. Depending on mate-
rials used for overlaying welding, layers of various micro-
structures were obtained. Overlaying welding of the Cr3
steel by glass and cast iron powder mixture resulted the
layer which microstructure was similar to that obtained in

welding under standard flux (Fig. 1, a). More ferrite was
obtained in the layer welded with powder containing TiO,
(Fig. 1, d). Even bainite microstructure was formed using
for overlaying welding P6MS steel chips ( Fig. 1, e). Inser-
tion of Fe — 60% Cr powder into glass powder resulted
dendrite microstructure of the surfacing (Fig. 1, f).

Aiming to assess weld strength structural steel
Crt3 was welded using standard AMS1 flux and powder
mixtures: 100% glass; 70% glass and 30% cast iron; 60%
glass, 30% cast iron and 10% TiO,; 70% glass and 30%
steel POMS. In tension test fracture through base metal (not
weld) was obtained in the cases, when standard flux, glass
powder, and powder mixture of 70% glass and

Fig. 1 Microstructures of the layers formed melting various powders spread over steel surface, %: a - 100 AMS1; b - 100
glass; ¢ - 70 glass and 30 cast iron; d - 60 glass, 30 cast iron and 10 TiO,; e - 70 glass and 30 P6MS; f - 70 glass and

30 Fe — 60 Cr



30% cast iron was used in the welding process. Ultimate
tensile strength in these test was 447 - 451 MPa what cor-
responds to bare metal steel Ct3 used in the welding ten-
sile strength. The specimens welded using powder mix-
tures containing TiO, and P6MS steel chips in tension tests
fractured across the weld at stress 379 - 432 MPa. Not sat-
isfying strength of the weld is due to incomplete fusion,
what is seen in the fracture. Incomplete fusion can be avoid
by the use of different welding regime.

Machine part wear is one of important problems
which is solved strengthening contact surfaces. Very often
resistance to wear is improved by overlaying welding [10],
which forms hard surfacing, or by oiling, which decreases
friction between sliding surfaces [11, 12].
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Steel parts often are overlaying welded by arc
automatic welding using various kinds of wire and flux. In
this investigation steel Ct3 was overlaying welded instead
of standard flux using waste materials powder spread over
the surface and welded by the electric arc between the base
metal and continuously supplied welding wire Cg 08.
Compositions of materials powder mixtures and welded
layers are shown in Table 2. Welded layers were alloyed
by elements contained in P6MS steel chips (W, Mo, V,
Cr), grinding wheels powder (Si) and manganese in case
when in to the powder mixture was inserted Fe-70%Mn
powder. Carbon came to the layers from decayed SiC car-
bide and from P6MS5 steel chips.

Table 2
Chemical composition of the steel overlaying welded by powder mixtures
Composition of powder mixture, % Elements amount in layer, mas, %
P6M5 SiC Fe-70%Mn C Si Mn Cr Mo \% W Fe
80.0 20.0 0.83 1.92 0.95 0.6 0.71 0.28 0.75 | Balance
60.0 20.0 20.0 1.06 1.69 4.73 0.76 0.88 0.36 1.10 | Balance

Welded layers are used to alloy in course of cool-
ing. The highest primary hardening (up to 62 HRC), was
obtained for the layer welded with powder mixture con-
taining SiC and P6MS5 powder (Fig. 2). The layer contain-
ing manganese in course of cooling after welding hardened
up to 49 HRC, and it’s tempering at 550°C temperature
resulted 57 HRC hardness (secondary hardening). Secon-
dary hardening was possible due to great amount of resid-
ual austenite in the welded layer containing manganese.
Manganese is an element expanding austenite zone. Pres-
ence of residual austenite is prooved by white areas seen
after etching of the test piece with 3% spirit solution of
nitric acid; weak acid solution does not effect on them
(Fig. 3).

X-ray examination shows presence of residual
austenite. X-ray photograph of overlaying welded speci-
men shows that the peak of residual austenite is more in-
tensive in comparison with martensite peak (Fig. 4, a).
Such ratio of the intensities corresponds to 83% residual
austenite amount. Tempering of the specimen at 550°C
temperature, when residual austenite was transformed to
martensite, the amount of residual austenite decreased to
13%, and X-ray photograph (Fig. 4, b) does not show any
austenite peak.
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Fig. 2 Effect of tempering temperature on hardness of
overlay welded layer
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Fig. 3 Microstructure of the layer overlay welded with
60% P6MS, 20% SiC and 20% Fe-70% Mn powders
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Fig. 4 X-ray photographs of the layer overlay welded with
60% P6MS, 20% SiC and 20% Fe-70%Mn powder
mixture: a - without tempering; b - after tempering
at 550°C temperature
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Fig. 5 Wear of standard steel (0.9% C; 1.5% Cr) and welded layers depending on wearing time. All used in welding pow-

der mixtures contained crushed P6MS5 chips

Abrasive wear resistance of welded layers was de-
termined in the test, when rotating abrasive wheel was pu-
shed to the specimen rotating in the opposite direction
[12]. A decrease of the specimen weight was measured
(Fig. 5). Wear of welded layers depends on materials used
for overlaying welding. The smallest wear out was ob-
tained in the layer welded with 60% P6MS5, 20% SiC and
20% Fe-70% Mn powder mixture. Microstructure of this
layer contained carbide phase and great amount of residual
austenite (Fig. 3). After tempering at 550°C temperature
hardness increased, wear decreased. Overlaying welding of
the Ct3 steel with suitably selected materials powder mix-
ture can result more wear-resistant layer than that of stan-
dard tool steel.

3. Conclusions

1. The use of waste material powders in welding
process due to alloying elements in the powder enables to
produce welded joints of necessary microstructure and
properties. Welds produced using glass powder or glass
and cast iron powder mixture have higher than the main
metal (Ct3 steel, 447-451 MPa) tension strength.

2. Overlaying welding of Cr3 steel with glass and
grinding wheels SiC powder resulted hard (up to 62 HRC)
layer; addition of Fe-70% Mn powder into this mixture
enabled to produce welded layer, which after tempering at
550°C temperature hardened from 49 HRC to 57 HRC.

3. The C13 steel subjected to overlaying welding
with 60% P6MS5 chips, 20% grinding wheel SiC and 70%
Fe-70% Mn powder mixture in comparison with hardened
tool steel (0.9% C; 1.5% Cr) was 3-4 times more abrasive
wear — resistant.
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P. Ambroza, L. Kavaliauskiené, E. Pupelis

LANKINIS AUTOMATINIS PLIENO SUVIRINIMAS IR
APVIRINIMAS NAUDOJANT ANTRINIU MEDZIAGU
MILTELIUS

Reziumé

Darbe iStirta apvirinto ir suvirinto plieno Ct3,
naudojant antriniy medziagy miltelius, struktiira ir savybés.
Ant plieno Ct3 uzberti stiklo, nepanaudoty slifavimo disky
SiC ir P6MS5 plieno ir ketaus drozliy, TiO,, TiC, Fe — 70%
Mn bei Fe — 60 % Cr milteliy miSiniai buvo i$lydyti nenu-
tritkstamai tiekiamos CB 08 vielos lanku. Plieno Ct3, suvi-
rinto naudojant stiklo bei stiklo ir ketaus miltelius, siiilés
stiprumas tempiant ne mazesnis, kaip plieno Ct3, suvirinto
CB08 viela po standartiniu fliusu AMSI1. Pliena Ct3 aply-
dant antriniy medziagy milteliais gauti abrazyviniam dili-
mui atspariis sluoksniai. Tinkamai parinkus ant plieno Ct3
uzberiamy medziagy milteliy miSiniy sudétj ir juos iSly-
dzius CBOS vielos lanku, galima gauti sluoksnius, atspares-
nius abrazyviniam dilimui, lyginant su gradintais jranki-
niais plienais.

P. Ambroza, L. Kavaliauskiené, E. Pupelis

AUTOMATIC ARC WELDING AND OVERLAYING
WELDING OF STEEL USING WASTE MATERIALS
POWDER

Summary

Microstructure and properties of the C13 steel
subjected to welding and overlaying welding with waste
materials powder is investigated. Glass, unused grinding
wheel SiC, steel P6MS5 and cast iron chips, TiO,, TiC, Fe-
70% Mn and Fe-60% Cr powder mixtures were spread
over the Ct3 steel surface and melted by continuously sup-
plied welding wire’s C0S8 arc. Tensile strengths of the Ct3
steel weld produced using glass and glass and cast iron
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powder mixture was not less than that of Ct3 steel welded
by CB08 wire under standard flux AMSI1. Resistant to
abrasive wear layers ware obtained in overlaying welding
of the Ct3 steel with waste materials powder. Selecting
composition of powder mixture spread over the Ct3 steel
surface and melting the powder with Cs08 wire arc enables
to produce the layers more resistant to abrasive wear than
those of hardened tool steels.

I1. AMOpo3a, JI. KaBansyckene, E. [Tymsuc

ABTOMATHUYECKASA AYT'OBAS CBAPKA 1
HATIJIABKA CTAJIM C UCITIOJIb3OBAHUEM
I[TOPOIIKOB BTOPMYHBLIX MATEPHUAJIOB

Pes3ome

B pabore mccinemoBaHa CTpyKTypa M CBOWCTBa
cramu Ct3, CBapeHHOHN M HAIUIABJICHHOMW C WMCIOJb30BaHU-
€M TIOpPOILIKOB BTOPUYHBIX MaTepuanoB. Ha crane C13 Ha-
CBIITAHHBIE CMECH IOPOIIKOB CTEKJa, HEHCIIOIb30BaHHBIX
mdosanbHbIX Kpyros SiC, crpyxkek cranu POMS u uy-
ryHa, TiO,, TiC, Fe — 70% Mn, Fe — 60% Cr Obuti pac-
IUIABJICHBI JYyrol HENPEepBIBHO MOAABAEMOW, MPOBOJIOKH
Cg0S8. TIpoyHOCTh TIpH PACTSDKCHHH CTalH CBapeHHOH ¢
UCTIOJIb30BAaHMEM TIOPOIIKOB CTEKJIA, MM C UCIOIb30BaHH-
€M CMECH TIOPOIIKOB CTEKJIA U YyTyHA HE HIKE, YeM CTa-
mu Ct3, cBapeHHOW MPOBOJIOKON MO CTAaHIAPTHBIM (hIIF0-
com AMSI1. HanmaBkoit cramu Ct3 BTOpPUYHBIMH Mate-
pHanaMu MOIy4IEHBI CIIOH, CTOWKNE a0pa3uBHOMY H3HAIIIN-
BaHHI0. COOTBETCTBEHHO MO00paB COCTaB CMECH MOPOILI-
KOB BTOPHYHBIX MAaTepUalioB HACBIIAEMBIX Ha ITOBEpX-
HocTh cranu Ct3, pacruapisii ayroil npoBosioku CBOS
MOJKHO IOJTyYUTh CJIOW, OOJiee CTOIKUE aOpa3sHMBHOMY W3-
HAIIMBaHHUIO IO CPaBHEHMIO C 3aKAJICHHBIMU WHCTPYMEH-
TAJIHBIMH CTAJISIMH.

Received January 06, 2010
Accepted April 07,2010



