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Summary

Characteristics of production of compound powder articles have been
studied. It is shown that parts made from powder can be joined when heating
using the "growth" effect of pressed parts during sintering due to austenite-
carbide alloy introduction into composition of the insent.
Joining of parts is very strong if the structure of the jouning zone is similar to
that of the basic material. It is reached by formation of grains common to
joined materials due to the boundary migration induced either by primary or
secondary recrystallization. The production parameters, temperature,
sintering time, amount of the introduced addition, are ascertained to affect
the joining strength.
Properties of sintered materials based on iron are studied as affected by the
process of complex thermodiffusion alloying. Mechanical properties,
corrosion and scale resistance are determined in sintered articles with
diffusion coatings. Saturation with chromium, nickel and silicon is shown to
increase essentially mechanical-and-physical properties of sintered articles.
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I. Introduction

It has been shown in Refs. 1 and 2 that all parts of fuel atomizers can be
produced from a powder steel with subsequent hardening of working
surfaces. The use of traditional methods of powder metallurgy can
considerably simplify the technology of production. However, the complex
form of the atomizer (with steps in the direction of pressing, a conical
projection, the central hole of variable section, eight radial holes)
inconveniences manufacturing and increases the cost of the press mold,
complicates the obtaining of billets with uniformity of density and of other
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Fig.1 .Composite atomizer: a) the embracing part, b) the
part being embraced, c) parts of the atomizer

properties throughout the whole volume, which may reduce the reliability of
the part.

To simplify the
technology of
productrion
the authors of
the present
report made
the atomizer
composite
consisting of
two parts, the
embracing
one and the
one being
embraced
(Fig. 1) whose

joining occurred in the process of heating. The growth effect in the sintering
of polycomponent mixtures was made use of (3) which initiates the
development of plastic strain of the parts being joined. The reasoning in this
case was as follows. The quality of joining in the solid state, when the moving
forces of the process are represented by the temperature and pressure, is
determined by the formation of a physical contact, the activation of the
contacting surfaces and the volume interaction in the coalescence of the
materials being joined (4). Thus, if in the sintering process a plastic strain of
the materials is initiated, a rapid growth of the strength of the reactive zone
should be observed (5, 6).
We have studied some specificities in the formation of joining when sintering
some composite articles made of powders.

II. Experimental procedure

The specimens which had the shape of a cylindrical insert with o.d. = 20 mm
and h= 10 mm embraced by a ring of the size o.d. = 25 mm, i.d. = 20 mm and
h = 10 mm were made from the powder mixture containing 98% of Fe of the
"PJ4M" type and 2% C of the "GK-2" type by pressing in a closed mold (P =
600mPa). The porosity of the compacts obtained was 19-20%. Prior to
pressing 0.5-8% of an addition was introduced into the material for the insert,
namely a powder (0.05-0.12 mm) of austenite-carbide alloy: 26.8% Cr, 3.4%
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Ni, 3.2% Si, 1.5% Mn, 2.8% C, Fe - being the rest. This addition has a higher
coefficient of thermal linear expansion compared to the starting material. The
structure of alloy particles is represented by the chromium carbides of the
Me7 C3 and Me23C6 types (H ^ = 15000 mPa); there is present the carbide
eutectics of the ledeburite type consisting of the solid solution (austenite) with
the chromium carbides (H M = 8000 mPa). The stability of the austenite in the
temperature range in which there occurs elimination of the carbides is
insured by the addition to the alloy of Ni, Mg as well as C and Cr distributed
between the solid solution and the carbides. Preliminary studies have shown
that an increase in the volume of the part being embraced is promoted by the
diffusional interaction between the particles of the austenite carbide alloy and
the main material due to the formation of an excess phase of the chromium
carbides of the Me7 C3and Me23C6 type.
The parts pressed were assembled by setting with a clearance of 0.02-0.03
mm. The sintering was carried out in hydrogen medium at 800 -1100oC for 2-
3 hours. The strength of the joining was determined by the measuring of the
force needed for the pressing of insert out of the ring. For research purposes
the methods of optical metallography and X-ray structural analysis were
used.

III. Results and Discussion

P, kN
20 _

15 ^

10

b

/
/

t, oC

800 900 1000 1100

Fig.2.Effect of the sintering
temperature on the joint strength

The effect of the 2-hour
long action of the
sintering temperature on
the strength of the joining
was studied on samples
containing 8% of
additions. Fig. 2 shows
that this strength
depends essentially on
temperature. For
example, when it was
raised to 1000oCthe
strength of joining
increased up to 22-23 kN
and the fracture during
the testing occurred in
the main material with
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cracks and tear-outs in the area of joining. This higher strength at 1000oC
compared to the sintering at 900oC is, apparently, associated with a higher
level of the development of the volume interaction stage which includes the
processes of recrystallization and stress relaxation. Such processes are
thermally activated and develop more intensely with the increasing
temperature. A certain contribution to a better physical contact at 1000°C is
also made by the sintering processes whose role is also enhanced with the
increasing temperature (7).

The kinetical curves representing increase in the strength of the joint of parts
containing 4% of addition are shown in Fig. 3. The strength at 800-850°C
increases insignificantly with the duration of sintering. At 900°C the strength
of joint attains in 2 hours of sintering 5 kN, but in this case the fracture takes
place in the area of joining. When sintering is done at 1000°C, the
lengthening of time improves the quality of the joint quite considerably and
following the two-hour heating the fracture occurs in the main material. When
the sintering temperature attains 1100°C the strength of the joint is lowered
somewhat and the fracture takes usually place in the zone of the joining.
We also studied the effect of the quantity of the addition on the strength of

joint when sintering was
performed during four
hours. It was found (Fig.
4) that an increase in the
quantity of addition to
the insert material
entailed greater strength
of the joint. However,
when over 6% of
addition is introduced, it
becomes necessary to
increase sharply the
pressing pressure
required for obtaining
the needed porosity,
there appear micro- and
macrocracks and the
compacts lose their
strength. The strength of
the joint of composite
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Fig.3.Kinetics of the increase of the joint
strehth. Here and in Fig.4: 1 - 800, 2 - 900,
3-1000,4-1100°C.
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samples obtained at the temperature of 1000°C to 10-15 kN.

Metallographic studies have shown that the joint of the sintered-powder parts
has high strength in the case when the structure of the joining zone does not
differ from that of the main material. This can be achieved by the formation of
grains common to the materials to be joined (Fig. 5) resulting from the
migration of boundaries accomplished by the initial recrystallization of the
material and then by its overall recrystallization. It should be noted that the
grain boundaries orientated along the initial contact plane are also formed as
a result of a successive development of processes leading to physical
contact, to activation of the contact planes and their adhesion and to the
diffusional ordering of the contact zone.
The kinetic curve represents the dependence of the growth rate of a
diffusional layer containing an excess phase of the Me7 C3 and Me23C6

carbides. Its aspect
corresponds to the
conventional ideas (8) on
the development of the

3 reaction zone which
occurs with the
participation of a solid

9 phase (formation of nuclei,
their growth, appearance

1 of a layer of the solid
reaction product etc.). But
it should be noted that the
incubation period is very
short and cannot be
detected on the curve.
This means, apparently,
that the formation of the
nuclei of the chromium
carbide phase, at least in

some portions of the surface, takes place at a rapid rate not limiting the
overall process at the observed stages of the diffusional sintering. The
greatest values of the reaction rate are probably achieved with very small
exposures; subsequently, this rate is sharply reduced, and then it is very
slowly decreasing with time. This conclusion has been confirmed by the data
of an electron-microscopic study of early stages of the diffusion layer
formation.
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Fig.4.Effect of the quantity of addition
on the joint strength
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carbide nuclei appear first of all along the grain boundaries that have the
least thermodynamic stability.
These tiny particles should,
apparently, be regarded as
the initial stable forms of the
carbide phase which emerge
in the process of diffusional
saturation. The thickness of
the carbide particles that
appear upon saturation at the
initial stages does not exceed
several atomic layers and the
spherical crystals being
formed from them
have an approximate diameter
of(1-5)»10"7 mm.

The generally regular
spherical form of the carbide
particles results, in all
likelihood, from the high
formation rates due to a sharp
increase in the surface energy
(9). Subsequently, owing to
reaction diffusion, the number
of the carbide inclusions is
sharply increased and the
moment of the complete
fusion of the nuclei on the
surface is attained already
after one hour of saturation,
which, approximately,
corresponds to the
appearance on the surface of
a single layer of carbide. In
this case in the section

perpendicular to the layer growth the carbides are small equiaxial grains with
the diameter of (1-2)«10~6 mm, while in the section parallel to the layer growth
a tooth-like structure is observed pointing to the direction of the growth. From

Fig. 5. Microstructure of the interface zone
and the effect exerted thereon by
technological parameters: a) sintering at
1000°C for 4 h, a 3% addition; b) sintering
at 1100°C for 2 h, a 4% addition.
Magnification: a) x 500; b) x 100
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the data obtained one may unambiguously conclude that the reaction of the
formation on the surface of a diffusion layer occurs in the initial stages on the
interface; the limiting point is, in fact, the reaction in the surface single-layer
of the sample. Having covered the surface with a chromium-carbide layer the
reaction passes into the diffusion region where its rate depends on the
diffusion rate in solids.

After a four-hour long saturation the tiny crystals of the phase formed
(carbides) have different sizes. Clearly, in this case in accordance with the
general laws of thermodynamics the solid solution is characterized by
irregular distribution of carbon, i.e. there is a higher concentration of carbon
round the smaller particles and a lower concentration around the greater
ones (9). The difference in concentration gives rise to a diffusional stream of
carbon from the smaller carbides to greater ones, to the dissolution of the
former and growth of the latter. Thus, the formation of a two-layer carbide
zone is determined by the coalescence process, i.e. the dissociation of
carbides and the transition of atoms across the boundary of phase division
from the carbide lattice into the matrix solution lattice, as well as by the
diffusion of carbon ad the metallic atoms and the transition of the latter into
the growing carbide particle.
The micro X-ray spectral study of the distribution of adition elements in the
diffusion zone of the sample after a six-hour long exposure has shown that
the content of chromium on the surface attains 50-51%. Nickel and, in large
measure, silicon are displaced into the region of the y-solid solution with
additions, the content of nickel and silicon amounts in this zone to 1.2-1.5
and 0.7-1.0%, respectively. In the carbide zone about 0.2-0.3% of silicon
were found.
It has been ascertained that the growth rate of the carbide particles slows
down with time which means that the time factor does not much affect this
growth. The increase in the heating temperature to 1100 - 1150°C does not
substantially change the picture of the origin and growth of the diffusion layer,
only its overall depth is changed.
From the results presented it follows that the most suitable material for
producing the embracing part of the atomizer is the iron-graphite mixture
(100%). On the other hand, the part being embraced should be manufactured
from a material containing 97% of the iron-graphite mixture and 3% of the
austenite-carbide alloy. It is preferable to sinter the parts at 1000°C for four
hours which allows one to obtain joints requiring the force of pushing out of
13-15 kN.
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The above-described technological regimes were used when manufacturing
the composite atomizers of the heating burners for steam boilers. The results
of their practical testing were fully compatible with the existing technological
requirements.

IV. Conclusions

1 .Some specificities of production of powder-material parts have been
considered. It has been shown that the joining of such parts can be
performed in the process of heating making use the effect of the compact
growth during sintering. The effect of "growth" which initiates plastic strain in
the parts to be joined appears after introduction into the composition of the
main material of the austenite-carbide alloy.
2.The dependence has been shown of the rate of the diffusion layer
formation on the contact surface on the duration of the process. The effect of
the chemical composition of the material on the formation of the diffusion
layer has been noted. It has been ascertained that the surface carbide layer
is formed because of diffusion of the :carbide" carbon into the outer-kinetical
region. A layer of the (-solid solution with additions appears owing to the
diffusion of the saturating elements to the interface carbide-initial matrix.
3.The effect of technological factors on the strength of cohision has been
determined. The technological process of manufacturing composite powder
material atomizers of heating burners has been developed.
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