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LIQUID PHASE MODIFICATION METHODS
THROUGH NANOPOWDER AL2O3 AND TrCN

INJECTION IN TIG AND IMPULSE TIG WELDING
METHODS

TODOR PETROV

Abstract: In practice tltere are several known methods of inserting the nanopowder Al2O j and TiCN

to the weldiig layer, they are specified according the conditions needed for the welding process. This

article examines some new and innovqtive opportunities of liquid phase modification through

insertiop of nano-sizecl particles without being melted, according to TIG and Impulse TIG overlay

welding methods.
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Another method ol or-erlar' $'eldin-e uses 1o'"',

l^ Introduction

Overlay welding is a technology where a

layer of metal alloy is being laid on the work piece.

The overlay welding with different kinds of metal

with specific chemical and mechanical properties

perfonned on the working surfaces of the parts,

increases their durability and reduce the weariness

16l.
The area of operation of the overlay welded

surfaces are defined by the chemical composition of
the layer. The alloy is being produced by melding
the main metal and by adding other metal, powder

or flux. Main principles to evaluate the alloy are:

homogeneousness of the composition in the welded
volume, cost effectiveness, application capability of
the alloying method and other. To inserl alloy
elements in to the base metal, following methods

are being used[4]:
- Use of solid electrode wires or tapes - traditional

method of becoming an alloy with parlicular

chemical composition in wide scope of welding

conditions where the alloying elements are well
distributed in the volume.

- Alloying with use of electrodes - the most

widely spread rnethod. The overlay metal is
homogeneous by composition, well formed, lack

of pores and slag and also the chemical

composition is fully based on the electrode.

carbon 'uvires or tapes and ceranlic Il'L:\ .'i l--..r.

mixtures. lrom stich the allcr:ng ;^;r:::'.:. "-.
being transferred to the ..rer-"r ::::r- i:- ::
method the flur is the nial: S'-'*r-':' -. :.--'' :-

and the more the rolunle o::::; :--:-::: --...'" -

bigger is the qr.rantiry of the e .;rl::.:: ::-::::: -
to the overlav metal. Ti:a: :s ."',:.,' ':

composition of the metal is depel;::: -

welding regime. the mass and cttnlp.-':.:lr:- '- - .i
used flux.

- Alloying using pastes which are berng depositec

on the welded layer and then melted u'itl.r or

without additional low carbon rvire. The

chemical composition of the welded metal is
determined by the quantity of the paste and also

by the quantity of the melted alloying material.

(Figure 1).

- The alloying of the surface layers with carbide

powders, nitrides, oxides, etc. whitch have the

size of nano paricles could be observed as

another innovative method (nano particles have

the size 1.10-em). By melting thise powders, the

alloying is sirnilar to the method with the pastes

(Figure 1). On the other hand, if the nauo

particles are insefied in the lower temperature

area of the weld seam without being rnelted, they

rvill take places in the crystal lattice of the

melted metal and will make the structure refined,
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which will lead to better mechanical properties

of the overlay layer (Figure 2). The new metal

will be then a composite material, obtained b1'

matrix consistent of construction steel and

particles of nitrides, carbides and other which
contains the welding powder [2].

The materials that we create that way are

called metal matrix nano - composites MMNCs [7].
For that purpose usually powders of lnm to 100m1

are being used. The mechanical properties of the

modified layer have maximum .itnprovetnent at

medium levels of nanoparticles concentration ,

which can be explained with the finer
microstructure.

The innovation of the method lie on the fact

that the powder maintain it's state, it is not being

meltd and so the liquid phase is being modifred [5].
Because of the low power of the arc, the use of TIG
and impulse TIG welding preocesses is not very
eff,rcient compared to the plasma powder welding
method. On the other hand it could be used to weld
smaller parts (blades, wear resistant plates, etc),

where a smaller amount of heating is requiered, so

that the deformations could be avoided.

T-elecirode

Overlay welded
Arc nretJl

Figure l: Welding with melting of powder

2. \lethods for modification of the liquid
phase using Nano-powders without melting
them.

It will be observed shorlly the testec

methods of modifzing the liquid phase with Nanc

powders (Figure 3), without being melted, as well
as some of their features.

Figure 3: Nuno-particles Al2O3 and TiCN size 45nm -
55nm.

A. The powders could be inserted at the end

of the weldseam using proper additional device

mechanism (

Figure 4). It points 35o- 45o in relation to

the direction of welding, it has the shape of bended

wire 2mm in diameter and at the one end it has the

contour of the weldseam (elliptical). The devise is

being attached and "towed" by the gas nozzle. A
few millimeters parallel to the welding line there is

the powder trail which is being pulled in by the

device to the weldseam. The powder trail is laid on

the work piece in safety distance from the heat so

that it could not be melted. It is 2-3mm wide and

2mm high. By the movement of the nozzle the

powder is being pulled to the end of the weldseam.

The powder is additionally pushed from the

additional device so that it can penetrate better in to
the seam.

TIG overly welding is flexible because of
the manual movement of the nozzle, the arc is very
powerful in gas environment and there is no need of
additional materials in case of welding thin sheet

metal layers. These characteristics make the method

universal. Other advantages of the process are:

inefi-gas protection and T-electrode have no effect

on the chemical composition of the metal; there is

no slag and splashes; the arc is being observed; fine

adtustment of the welding regime is possiblel

mechanizing and automation is also possible; nano-

particLes could be inserted in different temperature

zcnes of the weldseam. With the time the bended
',i :r!- bends because of the heat, deforms and it could

rl

a

Direction of overlay

welding
<_

T-electrode

Arc

Powder anc proteciron

Gas Ar

prace

Figure 2: Welding vtithotrt nreiti,;i

Melted metal
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not push the nano-powder proper any more to the
melted metal.

B. Figure 5 shows an innovative method for
insertion of nano-powders with or without melting.
The devise is designed to deliver a mixture of inter
gas and powder. It ensures a control over the

amount of powder being used for the welding. The
inert gas goes in through inlet 1, then enters the

injector 3 and creates vacuum in channel 7. This
leads to sucking the particles out from the reservoir
5.

Figure 4: TIG and impulse TIG weldingwithout
melting the nano-powder. I - wire, u-ith weldseant

contour bend; 2 - powder on tlte side; 3 - nozzle ; 4

- powder after welding ; 5 - work piece.

The control over the amount of the powder
that has been sucked out is ensured through the

valve 6. Inlet 2 is also supplied with inert gas so that
air can't get to the mixture and from there to the

weldseam. That way the particles that enter the
weldseam make its structure refined.

outlet

Gas

a

nano
particles

Gas Ar -+

2567

Figure 5: Principle view of device for Nano-powder
insertion with or without melting. 1,2 - intert gas

insertion nipples; 3 - injector; 4 - mixture chamber;

5 - powder reservoir ; 6 - valve for controling the

amount oJ'powder ; 7 - cltannel

Figure 6 shows the insertion of nano-
particles in to the melted metal direct after the arc.

in the area of lower temperarure. The end of the

device is positioned in an angle according to the

nozzle I and the melted metal 5. The inerr gas goes

in through inlet 4 and passes through the nano-
powder reservoir 3 which is being sucked out and

transported behind the welding arc. The direction of
overlay welding is from right to left.

The problem in here is that the pressure of
the inert gas is not higher than 0.6 bar. At this low
pressure the nano-particles are not always

transported. If we increase the pressure at constant
powder inseftion the result is unwanted form of the
modified seam (

Figure 8). The device could be also

positioned in front of the nozzle, in which case the

powder will melt and a modified layer with special
features will be created - hardness, wear and heat

resistance, etc.

Figure 6: Inset'tion o.l ttarta-!r:','.-;J7'-i ril"-7'-; -"-

weldseam in the lott tefitpet'd!:lt'{ t.-;i -t - - r. 
---- : --

- insertion tube.for natto-pot, det' rt).; :t.€1': a-;-' -t -
nano-powder resen'oir; 4 - itrlet lbr i)te p" 7';;'. ' ''
gas argon; 5'heated nrctal rigltt a.lter tl:e iti.J -!Jrr.i

out; 6-workpiece.

Figure 7 shows another way of insertion ol
nano-powders. The working principle is shotrn on

Fig.5. The inefi gas is being fed through the

reservoir 3, the transport gas correspondingly
through inlet 5. In the body 4 there is a needle

which is being pushed back thought the button 7.

After releasing the button a spring pushes the needle

back to the initial position. That way the needle

goes back and forward and prevents the blocking of
the hole which delivers the powder after the arc'

The pressure of the inert gas that goes through the

reservoir is in this case of most importance. It is

possible that at high pressure the powder could be

squeezed in and that could lead to blocking the hole

of the reservoir from which the mixture of powder

and inert gas should go out.
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Figure 7: Insertion of nano-powder behind the arc
of welding in the low temperature qrea.

I - nozzle; 2 -device outlet; 3 - nano-powder
reservoir; 4 - body ofthe device; 5 - inert gas inlet,

6 - work piece; 7 - control button

Figare 8: Melted seam created at higher pressure
ofthe transport gas

C. On Figure 9 is shown the most
appropriate method to feed the nano-powder after
the arc, in the low temperature area of the liquid
seam. It is being used an inclination backwards to
the arc direction. That way the layer is created
exactly in the same way like using a vertical
electrode. The front 5 of the nano-powder TiCN is
pointed to the back end of the seam.

The gas nozzle of the torch 1 is Ns7 with
diameter d : 11m, where the thickness of the
protection gas is 6-71lmin. It is used the minimal
possible amount of protection gas, so that the
negative effect of the high pressure torvards nano-
powder can be reduced. TiG electrode W1 20 u.ith
diameter d : 2,4mm is being used. Angle of
inclination is 28-30 degrease. The distance to the
nozzle in front is 6mm at 2mm height s'hich is
exactly the length of the seam. This len_rth is equal
to the voltage of Uu,.:l0-12V. The distance ilont
the electrode projection over the u'ork piece and the
center of the nano-powder spray mark -i is rn iimits
of 10-12mm. The tip of the injector has a ,iisr;nce
of 10.5-11.5mm to the work piece. The D:iSSLre tal

the gas that is being used for the transpcn r: rre
nano-powder is 0.8-1.0 bar.

Figure 9: Position of the nozzle and the injector at
the powder insertion process. I - nozzle; 2 - outlet

for gas and nano-powder insertion; 3 - nano-
powder TiCN; 4 - W electrode; 5 - nano-powder
insertion towards arc; 6 * work piece; 7 - support

It's one of the most important factors and it
should be controlled so that no deformation at the
end of the liquid metal seam could occur (

Figure 8), in that case 1 bar shouldn't be
overstepped. But on the other side under 0,6 bar it
can't be achieved a constant and steady insertion of
the nano-powder. The pressure could be raised up to
7,2 bar under the circumstances that the overlay
welding is being done through melting the nano-
powder. In that case a line with the nano-powder is
being laid on preliminary on the work piece surface
(

Figure 10), which is being melted on the
welding process. The line has a width of 1,5mm -
2mm and height of 0.5mm - 0.6mm. The grip is
based on a mechanical adhesion (griping of the
particles). There is no need to use a bonding
substance (liquid glass, glue, etc.). Sputtering of the
nano-powder is not observed at the TiG welding
method under influence of the arc or the gas

pressure. By using the impulse TiG method, a small
sputter could occur caused by the pressure of the
impulse. In that case a powder line with bigger
dimensions should be used, for example width
2.5mm - 3mm and height lmm.

Figu
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Figure l0: Prelininaryt depositet{ rtarto_potvder for
melting. I * nozzle,. 2 - injectot.; 3 _ clepositecl lini of
powdet' TiCN: 4 - wot-k piece

Two methods are being used for melting of
the surface layer, which parameters are shown
below. They are being determined preliminary,
where consistent powder lines, no knots and
sufficient amount of liquid metal are observe<l.
- TiG: I : 80A, Uu,.": 10,5 V + l l,5V, V*.1a.: 2,5
mm./sek., Qg,, : 6+71lmin (Ar). Tungsten electrode
- lanthanum Wl 20, delectrode. :2,4mm, injector J\b7

- diameter 1lmm, electrode output Lor,: 6-:7mm,
electrode inclination - angle backwards 2go + 30".

-- Impulse TiG: impulse current Iinp : l2OA,
background cuffent 16: 40A, average current Iuu*:
80A, impulse length and pause a 50o/o ergo t;n o 

j t,: 50o/o, impulse fiequency - 4 Hz, Uu,.: 10,5V -:
1 1,5V, Vwerd : 2,5mm./sek., Qgu, : 6-7llmin. (Ar),
Tungsten electrode - lanthanum Wl 20, derectrode. :
2,4mm, injector J\s7 - diameter 1lmm, electrode
output Lo,, : 6mm, electrode inclination _ angle
backwards 28o + 30o.

Two types of nano-powders have been used
for the experiment - Al2O3 and TiCN with particle
size 45 - 55nm. It was established the size of the
grain, the wear resistance of the new surfaces and
their hardness.

Surface distribution of titanium, determined
through characteristic x-ray observation TiKa. The
study with electron microscope shows the
distribution of TiCN over the surface and depth of
the modified layer.

3. Conclusions

l. There have been made experiments with all
methods for insertion of nano-powders behind the
welding arc in to the low temperature area.
2.The Best result was produced with the method
described on Figure 9 where the protection and
transport gases are being fed from the same source.

3. The distribution of TiCN is relatively
even and the structure has the size 4 without

melting nano-powders up to 7-g with TiCN
inserlion after the arc.

4. The results are shown on Figure 1 l. It
shows the overlay welding of one, two on yz from
the width overlapping or tree also overlapping lines.
There are no visible defects, the lines areionsistent
and well formed.

5. That gives us reason to continue the
research of these methods for insertion of nano_
powders in the area behind the welding arc.

Figure 11: overlay welded lines. I - one line ; 2 _
two overlapping lines,. 3 - tree lines
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