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The peculiarities of compaction and sintering of samples obtained from iron powder mixtures with differ-
ent types of pore-formers (ammonium bicarbonate, sodium hydrocarbonate, sodium chloride) is contem-
plated. Compaction was performed unilaterally in a closed cylindrical matrix and sintering was carried out
in reducing environment in a container with filling. Compression and ejection curves for the samples ob-
tained from specified mixtures in the range of pressure 200-800 MPa were plotted. The influence of pore
formers, used in the experiment, on the compaction mixtures of the system “iron — pore-former” is estab-
lished. The dependencies of the changes in linear dimensions of sintered samples for specified values of

compaction pressure within indicated range are built.
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1. Introduction

Among the various types of products manufac-
tured by powder metallurgy a special place occupy
high-porous sintered materials. Properties, production
technology and the scope of high-porous sintered
materials have characteristics that distinguish them
into a separate group. These progressive materials are
widely used in mechanical engineering, power engi-
neering, medicine, aviation, chemical, oil and metal-
lurgical industries. Technological cycle of production
of high-porous sintered materials includes different
operations such as preparation of powders for com-
paction (sieving, annealing), granulation (if neces-
sary), mixing of components, compaction of bri-
quettes, followed by sintering and machining [1-3].

One of the basic properties of high-porous sin-
tered materials is the porosity level. For the porosity
increase of such materials different pore-formers are
introduced in their composition: plastics, sodium
hydrocarbonate, sodium carbonate, ammonium car-
bonate, carbamide, carbonate, potassium hydrocar-
bonate, etc. Moreover, achievable level of porosity
and pore size completely depends on the volume
content and particle size of applied pore-former.
After compaction of the mixture of powder material
with a pore-former, the pore-former agents are re-
moved from the compacts in various ways: evapora-
tion, thermal decomposition during sintering or
dissolution in liquid environment (most frequently
in distilled water) [7-10]. Experience has shown that
the maximum achievable level of porosity when

using pore-formers reaches 75% [11]. Thus the total
number of closed pores is about 4-7% and others are
open ones.

It is known that during sintering of porous mate-
rials there is a change of their size: shrinkage or
growth. The degree of dimensional change depends
on the powder material nature, sintering conditions
(temperature, applied protective atmosphere) and the
level of porosity. Shrinkage kinetics during sintering
of the samples with different content of pore-formers
is not sufficiently investigated and described in scien-
tific literature. Therefore, the purpose of this work is
to establish the influence of various pore-formers on
shrinkage/growth kinetics during sintering of com-
pacts obtained with their use.

2. Experimental techniques

As the initial materials for experimental proce-
dure were used iron powder, sodium chloride, ammo-
nium bicarbonate and sodium hydrocarbonate. The
particles of iron powder have mainly a spongy form
with numerous projections; ammonium bicarbonate
represents colorless crystals of irregular shape; pow-
ders of sodium chloride and sodium bicarbonate are
white crystals with the shape close to cubic. For pore
obtaining with predetermined size all the powders
used in the experiment were sieved into fractions.
The amount of pore-former introduced into the iron
powder was invariable reaching 50% of volume in all
cases. The composition and density of mixtures and
particle size of pore-formers are shown in Table 1.

© Metallurgical and Mining Industry, 2011, Vol. 3, No. 7

115



Table 1. Composition of powder mixtures and the particle size of pore-formers used in the experiment

Mixture Fe, weight, g Pore-former content (vol., %)  Density, g/sm’ Particle size, um
Fet+NaCl 13.1 50 5.02 500-1000
Fet+tNH4HCO; 13.1 50 4.73 125-250
FetNaHCO; 13.1 50 5.2 63-125

Sample weight was determined on the assumption
of the size, density, and pore-former proportion content
in the mixture of samples according to equation:

mmix = V ’ pmix’ (Eq 1)
here m,,;, — weight of powder mixture, g; V is the
volume of compact, cm’; Pmix — density of powder
mixture, g/cm’.

The weight of iron powder in all mixtures re-
mained constant (13.1 g) and the sample weight of
powder mixtures was the following: mixture iron-
sodium chloride — 16.7 g, mixture iron-ammonium
bicarbonate — 15.2 g, mixture iron-sodium bicarbon-
ate — 17 g. The sample weight of iron and pore-
former was selected regarding to the constancy of the
ratio of the sample height to its diameter and taken as
a unit ratio. The density of powder mixture is deter-
mined by formula evaluation:

Pmix = Pporefor" X+ Pre '(1 _X)a (Eq. 2)
here poreror — pore-former density, pr. — iron powder
density, g/cm®; X — pore-former proportion content in
the mixture.

Mixing was carried out manually during 15 min-
utes for all the mixtures. To improve the homogeneity
of mixtures 0.5% of kerosene was added (by weight)
[12]. Obtained mixtures visually had a uniform distri-
bution of components.

Compaction of the investigated powder mix-
tures was performed by uniaxially compaction in a
rigid matrix of 16.8 mm diameter in specified range
of compaction pressure (pcomy) of 200-800 MPa with
100 MPa step [13].

Mixture compaction was performed on hydraulic
compression testing machine model PSU-50 with
nominal force 500 kN without lubrication of the
press-instrument working surfaces. Since the compac-
tion was performed within specified values of com-
paction pressure P.,,,, then setting the magnitude of
compaction pressure pe.mp, determined the necessary
compaction effort by the equation:

2
Pcomp =0.785-d “Pcomp>  (Eq.3)

here d — green compact diameter, mm.

Compaction of powder mixtures was conducted
using calculated values of compaction efforts P,,,,.
Meanwhile a rev-type force indicator of the testing

machine recorded the ejection effort P,. Obtained
compacts were measured and weighed, and then ejec-
tion pressure and relative density of the samples were
calculated:

P,
pej_ﬂ'd'h’ (Eq. 4)
here & — green compact height, mm.
m
Prel = > (Eq.5)

here m — green compact weight, g.

Sintering of compacts was performed in a con-
tainer with asbestos filling at the temperature of
1150°C during one hour in reducing medium (carbon
monoxide) in electric furnace. There was one-step
heating at the rate 7 °C/min. Cooling of the samples
was carried out inside the container in the furnace.

To determine relative density of sintered sam-
ples they were weighed and measured. Then calcula-

tions of relative density of sintered compacts ( pfel ),

magnitude of relative volumetric shrinkage (or
growth v,) and magnitudes of relative linear shrink-
age (growth) in height and diameter (/;, ;) were per-
formed.

m

S

0.785-d2 - hg - pr,

here m;, — sintered compact weight, g; d; — sintered com-
pact diameter, mm; 4, — sintered compact height, mm.

s
Prel =

vy =L ls (Eq.7)
174
d—d

l; = ds, (Eq. 8)
h—h

Iy = hs’ (Eq. 9)

here V' — green compact volume, mm?; V, — sintered
compact volume, mm>.

3. Results and discussion
The compaction curves for mixtures of iron

powder with equal content of pore-formers are shown
in the Figure 1.
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As shown in the Figure 1 with the increase of
compacting pressure the relative density of samples
rises in all cases, which is associated with a higher
ratio of deformation of powder particles forming the
mixture. Higher density is achieved for the samples
of the system iron-sodium chloride. The lowest den-
sity was in the samples of the system iron-sodium
bicarbonate. Obviously, this is due to the size of the
iron powder particles (63 um - 125 um) and sodium
chloride (500 um - 1000 um). Practice of powder
mixtures compaction shows that higher compactibil-
ity is achieved for the mixtures of fine and coarse
fractions which possess more dense packing at the
filling stage [6].

Ejection curves of powder mixtures compacts
with 50% of different pore-formers are presented in
the Figure 2.

As shown in the Figure 2 with the increase of
compaction pressure, the ejection pressure of the
samples rises in all cases. It is associated with the
increase of lateral pressure stressing the matrix
walls. For the specified values of compaction pres-
sure, ejection pressure was the greatest for the
sample iron-sodium chloride, and the lowest one
for the sample iron-sodium bicarbonate. Also it
should be noted that compaction and ejection proc-
esses for all the samples was accompanied by a
strong sound effect, especially in case of sodium
chloride, and insignificant self-oscillations of hy-
draulic compression testing machine. However, in
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Figure 1. Densification curves of powders: m — mixture 50%

Fe + 50% NaCl; A — mixture 50% Fe + 50% NH4HCO3;
4 — mixture of 50% Fe + 50% NaHCO3

the specified compaction range samples of all
compositions were cracks free.

Diametrical, volumetric and linear shrinkage
(growth) dependencies on the compaction pressure
for cylindrical samples with different amount of pore-
formers (50% by volume) are shown in Figure 3-5.

As shown in Figure 3-4 resizing of the samples
obtained from mixtures iron-ammonium bicarbonate
and iron-sodium hydrocarbonate are identical: in-
crease in diameter and reduction in height. The vol-
ume of sintered samples decreased compared with
green compacts.

For the samples obtained from the mixture iron -
sodium chloride growth was observed in height and
diameter. Accordingly, the volume of sintered sam-
ples was greater than volume of green compacts.

Also it should be noted that with the increase of
compaction pressure resizing decreases in all cases. It
occurs due to the fact that with the increase of com-
paction pressure increases the density of compacts
which slows down shrinkage (growth) kinetics.

Weighing of sintered samples showed that their
mass in the process of sintering decreased to the mass
of pure iron sample, indicating that pore-formers are
removed from the metal matrix.

This demonstrates high efficiency of mentioned
above pore-formers for forming of pores of predeter-
mined dimensions in the products. This allows
achieving high porosity parts with minimal contami-
nation by pore-former decomposition products.
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Figure 2. Ejection curves of powders: m — mixture 50%
Fe + 50% NaCl; A — mixture 50% Fe + 50% NH4HCO3;
4 — mixture 50% Fe + 50% NaHCO3
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Figure 3. Dependence of shrinkage on the compaction pressure for powder samples with ammonium bicarbonate content
50%: A —volumetric shrinkage; m — shrinkage in height; ¢ — growth in diameter
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Figure 4. Dependence of shrinkage on the compaction pressure for powder samples with sodium hydrocarbonate content
50%: A —volumetric shrinkage; m — shrinkage in height; ¢ — growth in diameter
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Figure 5. Dependence of growth on the compaction pressure for powder samples with sodium chloride content 50%:
A — volume growth; m — growth in height; ¢ — growth in diameter
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Conclusions

1. With the increase of compaction pressure
relative density of samples of all compositions
intensifies in all cases. Higher density is achieved
with the samples of iron-sodium chloride, and the
lowest — with the samples of iron-sodium hydro-
carbonate. This is achieved due to the value of size
powder particle of sodium chloride and iron. It is
explained by the fact that mixtures with such a
difference in size of the particles are compacted to
a much higher density.

2. With the increase of compaction pressure the
ejection pressure is also increased for the samples of
all compositions, because lateral pressure on the
matrix walls is increased. With the same values of
compaction pressure the highest values of ejection
pressure are observed for the sample iron-sodium
chloride, and the lowest — for the sample iron-sodium
hydrocarbonate. Obviously, the use of different pore-
formers causes a change in the coefficient of friction
between the lateral surface of the sample and the
walls of the matrix.

3. Application of different pore-formers deter-
mines the nature of dimensional changes of the test
specimens. For the samples iron-ammonium bicar-
bonate and iron-sodium hydrocarbonate resizing had
an identical nature: shrinkage in height and diameter
growth. For the sample iron-sodium chloride increase
in height and diameter is observed. Maximum change
occurs in the linear dimensions of the sample iron-
sodium chloride.

4. With the increase of compaction pressure re-
sizing of the samples decreased in all cases. It occurs
due to the fact that with the increase of compaction
pressure increases the density of compacts which
slows down shrinkage (growth) kinetics.

5. Particle size of pore-formers determines the
size of pores formed during sintering, and the poros-
ity of the products is determined by the amount of
pore-former in the mixture. Weighing of the sintered
samples shows that their mass in the process of sin-
tering decreases compared to the mass of pure iron
sample, indicating that pore-former removes from the
metal matrix. This demonstrates high efficiency use
of the mentioned above pore-formers for forming
pores of desired dimensions in the parts. This allows
achieving high porosity parts with minimal contami-
nation by pore-former decomposition products.
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HccnenoBanue ocodeHHOCTElH MpeccOBAHUA
U CIIeKAHHUS BBICOKOMOPUCTHIX MaTePHAJIOB
U3rOTOBJIEHHBIX ¢ IPUMEHEHHEM Pa3INYHbIX
nopoodpasosareeii

Poranos JI.JI., Pynenko H.A., Ilonusuenko JI.B.

PaccMoTpeHBl 0COOCHHOCTH MPECCOBAHMS U CIie-
KaHUs 00pasIoB, MONYYCHHBIX W3 CMECH ITOPOIIKA
JKene3a € pasIUYHBIMU BHJIAMHU IOPOOOpa3oBaTes
(OukapOoOHAT aMMOHHUS, THIAPOKAPOOHAT HATpWA,
xyopun Hatpusl). [IpeccoBaHue cMeceii BRITOIHIOCH
B 3aKpBITON IUIMHAPUYECKON MaTpHLE 110 OJHOCTO-
pOHHEH cXeMe, a CIieKaHHe MPECCOBOK MPOBOAUIOCH
B KOHTEHHEpe C 3aChIKOM B BOCCTAHOBHUTEIHLHOM
cpene. IlocTpoeHbl KpUBBIE YIJIOTHEHUS U BBINPEC-
COBKHM I OO0pasloB, CHEIAHHBIX W3 YKa3aHHBIX
cMecelt 1 nuarnas3oHa aaBiieHuil npeccoanus 200-
800 MIla c marom 100 MIla. YcTaHOBIEHO BIUSHUE
MIPUMEHIEMBIX B 3KCIIEPUMEHTE MOpooOpa3oBaTeseh
Ha YIUIOTHSEMOCTh CMECEU CHCTEMBI JKele30 — MOpo-
oOpa3oBatelnb. I10CTpOeHBI 3aBUCUMOCTH W3MEHCHUS
JIUHEHHBIX pa3MEpPOB CIICUCHHBIX 00pa3IoB sl (PHK-
CHUPOBAaHHBIX 3HAYCHWH JaBJICHUU TNPECCOBaHUS B
YKa3aHHOM JIMara3oHe.

© Metallurgical and Mining Industry, 2011, Vol. 3, No. 7

119



