


| SURFACING
AT THE E.O. PATON ELECTRIC WELDING INSTITUTE

Department of Physical-Metallurgical Processes for
Surfacing of Wear- and Heat-Resistant Steels of the
E.O. Paton Electric Welding Institute is 50 years old.
Organiser and the {irst manager (1954~1984) of this
Department was Prof. Dr. (Eng.) L.1. Frumin, famous
scientist in the field of metallurgy of welding and
surfacing, founder of the surfacing school at the for-
mer USSR, laureate of the USSR State Prize and
Evgeny Paton Prize.

The Department conducted the most extensive
studies in the field of arc surfacing. The technology
for wear-resistant surfacing of steel rolling mill rolls
and flux-cored surfacing wire PP-3Kh2V8 (currently
designated as PP-Np-33V9Kh3GSF), the first surfac-
ing wire in the USSR, were developed earlv in the
1950s under the leadership of 1.1. Frumin. Surfacing
of rolling mill rolls using this wire, first practically
applied at the Lenin Pipe Rolling Works in
Dunepropetrovsk, yiclded excellent results — life of
the rolls increased approximately 10 times.

After such a success, the process of wear-resistant
arc surfacing of steel rolls using flux-cored wire was
introduced at the Magnitogorsk, Kuznetsk and Kom-
munarsk (now Alchevsk) Metallurgical Works, as
well as at many other enterprises of the former USSR,
Centralised production of the flux-cored wire was
arranged at the Magnitogorsk Metalware-Metallur-
gical Factory, and commercial manufacture of the
rall-surfacing machine tools was started at the Krama-
torsk Machine-Too!l Industrial Association.

The Department continued working in this arca.
To date it has developed a wide range of flux-cored
wires for surfacing of different types of steel rolling
mill rolls. This allows a customer to choose an optimal
composition of deposited metal for each type of the
rolls, based on their service conditions, character and
intensity of wear. For about 50 vears the flux-cored
wire PP-Np-35VUKh3GSF was and still is one of the
most extensively used wires for surfacing of not only
rolling mill rolls, but also other parts operating under
similar conditions.

In addition to wires for surfacing rolling mill rolls,
the Department has developed more than two tens of
different grades of flux-cored wire, as well as tech-
nologies for submerged-arc, open-arc and gas-shielded
surfacing of different machine parts and mechanisms
operating under conditions of almost all known tvpes
of wear. Among the available flux-cored wires the
most extensively used ones are PP-AN194 and PP-
AN198 (for hard-facing of shafts, axles, crane wheels,
etc.): PP-AN130, PP-AN132, PP-AN140, PP-AN148
(for hard-facing of cold and hot stamping dies); PP-
AN138 (for hard-facing of hvdraulic press rams); PP-
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AN159 and PP-AN174 (for hard-facing of continuous
casting machine rollers); PP-AN192 and PP-AN197
(for hard-facing of parts operating under intensive
abrasive wear conditions); and PP-AN105 (for hard-
facing of steel 110G13L parts).

Much success has been achieved in the field of
plasma surfacing. The Department developed and in-
troduced into commercial lication the plasma
method for cladding discharge valves of internal com-
bustion engines using additives in the form of vac-
uum-sintered rings of powders of nickel, chromium,
graphite and other materials. A ring is placed into a
groove of the valve plate and melted by the plasma-
tron. As a result, a layer of a heat-resistant alloy is
formed on the working face of the valve.

Plasma cladding using powder additives (plasma-
powder cladding) is the most flexible and versatile
process, and the Department continues successtully
upgrading this cladding method, retaining its leading
position in the field. The Department developed pow-
der additives on the iron, nickel, cobalt and copper
base, technologies for cladding parts of general, power
and petrochemical engineering equipment, screws of
extruders for pressing plastics and rubber mixes,
valves of internal combustion engines, knives for hot
and cold cutting of metals, multi-blade cutting tools
and other components, as well as specialised and ver-
satile cladding machines.

The most important advantage of plasma-powder
cladding is the possibility of producing minimal pene-
tration: the share of base metal in the deposited one
is no more than 5-10 %, which is especially important
for cladding expensive nickel- and cobalt-base alloys.

The Department completed a number of interest-
ing studies on electroslag surfacing (ESS). This proc-
ess was used to solve the problem of surfacing rolling
mill rolls of cast iron and hypereutectoid steels. The
sectional current-conducting mould was developed for
commercial implementation of ESS of cast iron rolls.
The mould allows non-compacted materials of almost
any chemical composition, such as grits, chips, lumpy
materials and liquid mectal, to be used as additives.
This surfacing method is characterised by very high
productivity — from tens to several hundreds of kilo-
grams of metal can be deposited per hour.

The technology for ESS of large hammer and press
dies using non-compacted materials (chips of tool steel
and liquid filler metal) was comprehensively studied
and brought to commercial application. This process
involves non-consumable water-cooled electrodes and
fixed moulds. As proved by industrial tests, ESS of
dies enables a 2—3 times reduction in consumption
of die steel and makes it possible to recycle chips to
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BEHAVIOR OF PARTICLES OF A NON-COMPACT FILLER
AT AIR-SLAG INTERFACE
IN ELECTROSLAG HARDFACING

0.G. KUZMENKO
E.O. Paton Electric Welding Tnstitute, NASU, Kiev, Ukraine

Data are given on behavior of particles of non-compact materials (chips and shot) on the surface of the pool in electroslag
surfacing. Conditions have been determined for fixation of these particles at the air—slag interface. 1t is shown that shot

of chromium cast iron with a diameter of up to 2.3 mm and chips of tool steel SKhNM up to 2.

7 mm thick (fixation

by the Targest side) or up to 0.6 mm thick (fixation by the smallest side) may float on the surface of the slag pool.

Keywords: clectroslag hardfacing, non-compact maierials,
slag pool, metal pool, interfuace

Non-compact materials (NCM) in the form of shot
[1, 2], chips [2—4], wirc cuts |1, 2] or other particles
[3, 5] are used for a long time in electroslag processes,
in particular electroslag hardfacing (ESH).

The ESH NCM is peculiar by the fact that NCM
particles can stay on the surtface of a slag pool for
some time, not immersing into it [1, 3, 4, 6]. IFrom
the one hand, it may lead to their oxidation and dis-
turbing of the electroslag process [3, 6], while, from
the other hand, the heating of particles at the slag
pool surface promotes the rapid melting of skull form-
ing from them [7] that reduces the risk of deposited
metal contamination with slag inclusions and forma-
tion of other defects.

In litcrature this problem was not almost reflected.
Existing publications are not numerous and refer to
the case of floating of molten metal drops [8] and
particles of copper matte [9] on the slag surface, and
also to floating of metal bodies in iron-carbon melts
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Figure 1. Scheme of arrangement NCM particles on the slag pool
surface and direction of vectors of surface tension at the phase
interface: @ - sphere; b - plate; By -- surfuce tension at
NCM-air interface; 8¢y — surface tension at NCM-=slag inter-
face (the rest designations see in the text)
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[10]. 1t should be noted that assumption was taken
in works [8, 10] about the absolute non-wetting of
floating particles. that was not observed in real proc-
esses [ 11, 12].

The aim of the present work was to conduct the
analvtical evaluation of behavior of NCM particles
on the slag pool surface at the conditions close to
those of real electroslag processes. Analysis of behav-
ior of NCM particles on the slag pool surface was
made relative to particles in the form of a sphere
(analoguc to shot) and rectangular plate (chips), used
most often in ESITNCM [2, 5]. The method offered
can be used for evaluation of behavior of particle of
another shape.

As was above-mentioned, the NCM particles, en-
tered the air—slag melt interface, can float for some
time at its surface. At this moment a complex thermal
and hvdrodynamic interaction of particles with a slag
melt is occurred, consisting in a non-stationary move
ment of particles in a slag, formation of skull at their
surface and its subscquent melting, in heating of a
particle by the molten slag heat. In this case the den
sity ol a particle=skull system and wetting angle arc
continuously changed.

The present work considers particles which are not
moved along the surface of the slag pool, but located
at its surface until complete melting of the skull. At
the temperaturc of skull melting the angle© of wetting
the metal solid surface with slag will be less than
o212, 13].

As the density of NCM particles pyens is higher
than slag density py, then they can be maintained at
the slag melt surface only by the forces of surface
tension [[1, 13]. Here, the vertical constituent of
forces of surface tension (Figure 1) is equal to [11]

Fo. = logsin o, Q)]
where [ is the length of wetting perimeter; oy is the
surface tension of slag; o« = 6 + ¢ — .72 is the angle
of inclination of slag surtace to horizon at wetting
perimeter; 9 is the hysteresis (or equilibrium in par-
ticular case) angle of wetting: @ is the angle of particle
shape.
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Substituting value Q. into equation (1), we shall
find expression for determination of a maximum ra-
dius of particles of a spherical shape, maintained at
the slag surface:
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Thus, the value R, depends on the slag surface
tension, wetting angle and density of contacting
phascs.

Plate. The plate of thickness 8, floating in slag,
is subjected to the action of the force of gravity,

1 1
i3 35 65 75 85 ¢, deg
nee I1s 01 cast 1ron shot Haung on the

slag surtace, on shape angle of particle @
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forcing out, hydrostatic pressure and surface tension,
having the following expressions:

P= ‘717pN(‘:\1g = SBl‘pNCNg; FA = ‘,pps]g = SBLF).\lg;
F,=Shp,g=BLhp,g; F,=2(B+ Lo,

where 17, is the plate volume; § is the base area; B
is the width; L is the length.

Conditions of plate equilibrium at the slag surface
have the form

dBLpyg + BLhp,g + 2(B + L) x
X Ogsin o — SBLpyeag = 0.

(3)

In a gencral case for particles, similar in shape,
alh = f(L, B, o) at a preset value.

If the metal remelted has B # L and B2 >> a,
that is typical of the main mass of chips used in ESH
NCM [4], then & can be determined using formula
(2) given in work [10]:

o
= 2q sin —.
h asing

Then, the expression (3), after proper transforma-
tions, will take the form
Da sin = | ma cos - 1
2 SIn B nda (052 +
Prest Py

(4

where m=2(B+ L) BL is the ratio of plate perimeter
to base arca. At o=, =0 it is possible to determine
the maximum thickness of plate maintained by the
slag using formula (4).

If the material remelted has L >> B, then it is
convenient to consider plate of infinite length. In this
case the expression (4) will have m = 2,/ B.

To cheek the validity of obtained relationships,
let us consider several definite examples of calculation
for electroslag technologies used in industry where
NCM are used.

Electroslag hardfacing of hot rolling mill rolls
using a grained filler material [6]. Hardfacing ma-
terial is a cast shot of high-chromium cast iron of
density p = 7600 kg -'m” [16]. Slag AN-75 [17] is used
for hardfacing, which is close by composition to slag
ANF-14. According to work [18], at 1460 °C (tem-
perature of slag surface at the given method of hard-
facing [6]) slag ANF-14 has propertics (py =
= 2650 kg - m”’ and 64 = 0.31 N/m), which can refer
at some approximation to slag AN-75. The contact
angle of wetting the surface of high-chromium cast
iron with slag AN-75 at 1300 °C (solidus temperature
of cast iron) reaches 42.5° {17].

Results of calculation of values R for different angles
@ by formula (1), and also Ry, by expression (2) are
given in Figure 3. According to data of work [6], the
shot of diameter of not more than 1.5 mm (or R <
< 0.75-10 *'m) is floating stable at the slag pool surface,
that has a good correlation with calenlated data

chips [5]. Hardfacing material is chips of die steel
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Figure 2. Distribution of carbon and chromium («), silicon and
manganese (h) in height of deposited metal laver

Table 1. Microhardness (MPa) of structural constituents of deposite

from the fusion line. Tt was established that carbon
in metal of samples examined was bound into carbides
of Me;Cy tvpe (Figure 2, @), the noticeable diffusion
redistribution of carbon near the fusion line was not
observed. Silicon and manganese do not also diffuse
into the parent metal (Figure 2, b).

Investigations of wear resistance of the deposited
metal were performed in machine NK-M [4] using the
following conditions: abrasive — quartz sand with
0.2-0.4 mm sizes of particles; {riction path - 400 m;
pressure 0.466 MPa; reference anncaled
steel 45, Figure 3 presents the averaged data about
wear resistance of deposited metal obtained from re-
sults of three tests.

As is seen from Figure 3, the relative wear resis
tance and hardness of metal deposited by two tech
nologies are almost at the same level.

Investigations of uniformity of thickness of depos-
ited metal laver were made using procedure of [3].
Figure 4 presents the curve of a normal distribution
of deposited metal laver across thickness. The non-
hatched regions, located under the curve of a normal

d metal

Method of surfacing Chromiun carbides

Marrix White band Ctransition zone)

15320-17820
14300—15140

Without screening

With screening

1530 5140 3220-3570

5150-5900 3780-4350

Table 2. Surfacing conditions with use of different heating svstems

Voltage, bV

Current. . Surfacing Variation of specific power at

Method of surfacing

in circuit at anode

tube niins

dwration, s inductor Wer0 % Woon!

tuhe anode

Without screcning of thermal and  3.1-8.5  11.5-12.0  0.65-1.70 2.0-3.5 32 W4
clectromagnetie fields
I
L3t I 3
i 2
1 ]
! -
! 3
I
With screening of thermal and 3.1-8.3 11.5-12.0  0.65-1.70 2.0-3.5 22 14
clectromagnetic ficlds ]
0.614
1
l}
@ — !
- 1
i - 35 i
- 5 \H/
; |
/ 3 :
I
0,134 2
1
i
1
L2 s
/- inductor; 2 hard allov; 3 component; f, 5 thermal and clectromagnetic sereens. respectivelvs pencrator VChI-63 0041 was

used insurfacing








































































































































