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Double-action magnetic-impulse compaction of oxide nanocer amics

JIByCTOPOHHEE MAarHUTHO-UMITYJIbCHOE ITPECCOBAHUE OKCUHON HAHOKEPAMUKH

The Abstract: The technology of two-sided magnetic pulsed compads offered as an
effective method of obtaining high-density powdempacts (up to 78% of the theoretical density).
The high level of density of compacts is provided tivo-sided pulsed application of pressure
stimulating the process of dispersion of powder #ra generation of excess defects as well as
adiabatic heating of the pressed mass.

Keywords. Double-action magnetic-impuls press;®@4; Nanomaterial.

AHHOTanusi.  TexHONOrWsT  JABYCTOPOHHEIO  MarHUTHO-UMIYJIbCHOTO  IPECCOBAHHUS
npeularaeTcsi B KadecTBe 3((QEKTUBHOIO METOJa MOJYYEHHs BBICOKON IMJIOTHOCTH HMOPOLIKOBBIX
KOMITakTOB (10 78 % OoT TeopeTndecKol IIOTHOCTH). BBICOKHII ypOBEHBb IUIOTHOCTH Y KOMIIAKTOB
obecreynBaeTcsi JABYCTOPOHHEM IPWJIOKEHHEM HUMIIYJIbCHOTO [JaBJIEHUS, CTUMYJIMPYIOLIETro
MPOIECChl TUCIEPrUpPOBAaHUS MOPOLIKOB M TEHEpallMd B HUX HM30BITOYHBIX JOE(PEKTOB, a TaKXKe
annabaTU4eCKUM HarpeBoM IpH MPECCOBAaHUM MOPOLIKOBBIX Macc.

KaroueBble ciioBa: J[BycTOpOHHHI MarHUTHO-UMIYIbCHBIH mpecc; Al,Os; HaHOMaTepHabl.
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1. Introduction

According to present research trends in solid spditgsics nanostructured materials and
nanoceramics, in particular, are currently of ies¢r The development in this direction can only
proceed when technological problems in nanostradtanaterial production are solved.

In order to obtain dense nanoceramics three basidittons have to be complied with:
- to use starting material in nanodisperse state;
- to develop efficient compacting methods providmaximum density of bulk material;

- to implement new methods of compact activatedesimy with suppression of the
recrystallization process.

The present paper is devoted to realization ofsgmnd condition which provides effective
compaction and powder activation. Dynamic pressimgthods are considered to be the most
perspective for nanostructured ceramics produdijowirtue of the following advantages:

- ability to develop extremely high compacting [s@® [1];

- high performance in overcoming adhesive forceswéen powder particles that
considerably decreases pressing energy losseastéonal friction and increases pressing quality [1]

- intensive heating of powder due to adiabatic ati@r of pressing that positively affects
many stages of pressing [2];

- powder dispersion and activation under impulsesging can cause compression and
considerable temperature reduction of compactsersmyt which is required for high-quality
nanoceramics production.

All advantages of dynamic compaction given abowe tgpical for magnetic-impulse (Ml)
pressing. The members of the Institute of Electyspls, Russian Academy of Science, the Urals
Division, have made a great contribution to theeligwment of the presented method [2, 3]. This
article presents current results of work on furtipeogress in nanopowder MI-compaction. In
particular, a double-action MI-press has been agpesl and applied [4]. The main advantage of the
double-action MI-press in comparison with a singbton press lies in doubling of the compaction
pressure and the achievement of high density cotmp@ne of the aims of the present article is to
prove the advantageous character of powder massesecflow in the mould.

2. Experimental Procedure
2.1. Construction of a double-action magnetic-impulse press (MI-press)

The structure and the mode of operation of a deabtl®n Mi-press is shown on Fig.1. The
inductors (6) are flat spirals made of copper stmghich strands are isolated from each other and
securely fixed. The inductors are connected acodscuit of a storage capacitor C with a capacity
of 6 mF. The concentrators (4) are made of instnirateel and serve for transfer of the mechanical
force to the punches (3). Inbetween the inductads @ncentrators there is a set copper disks, i.e.
satellites (5), which provide a high level of eddyrents and consequently intensive compaction
forces.
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Fig. 1. Schematic diagram of double-action MI-press: 1-pexy@-press-tool, 3-punches, 4-
concentrators, 5-satellites, 6-inductors

When the contacts of the switch K are closed, thgacitor bank C discharges into the
inductors causing a pulsed current flow. This auirrgenerates an intense magnetic field which
induces currents in the satellites opposite toghnghe inductors (directions of currents are simow
on the figure by means of dots and crosses). Ttegaiction of the pulsed magnetic fields of the
inductor and the satellite generates pulsed fdfoebich put pressure onto the concentrators. Due to
the mechanical connection of the concentrators thighpunches the compaction pressures produced
in the press-tool and can reach several GPa.

2.2. Determination of compaction pressuresin the MI-press

The registration of pressure is of highest impargaboth during modes completion and
during execution of basic technological compact@erations. That is why the used technique of
compaction pressure determination must be stramgjgble.

Measuring of high dynamic pressures by standardhodst such as tensometry and
piezometry in particularly in case of small dimems, usually cannot be realized due to some
technical difficulties. In spite of all their virts resistance strain gages based on metal allogs wh
are widely spread in measuring technology have aotemon disadvantage, i.e. a relatively low
strain-sensitivity rate that limits the practicgdpéication of these devices [5]. Strain gages on
piezocrystals used for measurement of static anulilise pressures in spite of their high sensitivity
have one serious disadvantage. Upon impulse pesssipplied to one of the piezocrystals faces an
acoustic wave is going through the crystal andaisklreflected from the opposite face. This leads to
a strong distortion of the signal due to overlagpafiincident and reflected waves.

In view of the above statements for secure measenmenf pressure at least two independent
methods are used. In the present paper in addiidme standard method of resistive tensometry an
impulse pressure measurement method was develdmetl 18 based on the estimation of the punch
movement velocity during MIl-compaction. The idealns method is based on the estimation of the
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velocity of solid bodies [6]. From our point of wethe method presented below is a feasible
measuring technique for dynamic compaction.

Determination of punch movement velocity under itifeience of magnetic field was done
by means of an apparatus which scheme is presenkeg. 2.

%

Fig. 2. Scheme of MI-press for punch movement velocitgunement 1 — external cylinder, 2 — in-
ternal cylinder, 3 — punch, 4 — concentrator, Satedlite, 6 — inductor, 7 — clamp bolts, 8 — oswill
graph, 9 — back plate, 10 — LED, 11 — photodiode

The given device represents a part of a singleaciI-press where the press-tool is
substituted for a measuring cell consisting of demsal cylinder, internal cylinder and two
photoelectric barriers. When a current impulse fidiwough the inductor (6), then the satellite (5),
concentrator and punch (4) begin moving underrfaence of the force F. The internal cylinder (2)
retards the concentrator and the satellite fromingpvThe light fluxes in the photoelectric barriers
are recorded by an oscillograph while the puncltkis passing by. This allows an experimental
determination of the punch traveling time betwe@thbphotoelectric barriers and therefore the
determination of the punch velocity.

Fig. 3 shows a typical response of the measurirgyits during the punch traveling between
the photo sensors for an inductor current of 80 kiAe punch velocity estimated on the basis of this
oscillogram was 7.9 m/s.
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Fig. 3. Oscillogram of signals from optical pairs in punetoving

The reliability of the obtained data was estimadbgdmeans of the widely known velocity
determination technique. If a body performs a fidefrom the height h the final velocity can be

calculated by the formula =,/2gh, where g is the acceleration of gravity. The agals punch
velocity was registered when it was thrown into tieasuring cell from 3 meters.

By this means the proposed technique to measurputheh velocity could be calibrated and
therefore gives reliable values which can be usatktermine pressures in the Ml-press as follows.

With the help of the apparatus presented on Figa2rments have been conducted in order
to define the punch velocity under various dischacgrrents. The pressuRein a single-action
compaction was estimated in accordance with theofa@onservation of momentum where the final

expression is the following:
P=MlYe .

wherem is the mass of a system “punch — concentratotelisa’, t is time of the magnetic
force F effect,v is the punch velocity$ is the cross-sectional area of the punch. Thewftimet
of the magnetic force which was determined fromlloggams of the discharge currents was 860

The determination of the pressures developing duaidouble-action MI-compaction is done
in the same way as in case of the single-actionembdt considering a doubling of the kinetic
energy since in this process two identical systgpmusich — concentrator — satellite” are involved
which are moving towards each other. A summaryhef measured pressure levels achieved a
different discharge currents is presented in Tabldor single-action and double-action MI-
compaction It can be seen that in case of doulileratI-compaction the pressures are practically
two times stronger than in case of the single-aatimde. This can be explained by a doubling of the

moving mass in case of double-action mode.

In order to examine the accuracy of pressure memsemts there have been done
measurements by means of a resistance strain gage bn the technique given in reference [5]. At
a discharge current of 150 KA in the circuit thegsure received was 1.2 GPa what is in accordance

with the data presented in Table.

http://naukovedenie.ru 13TAHF2 13




[naBHbIN peaakTop - A.3.H., npodeccop K.A. KupcaHos
Ten. ans cnpa.ok: +7 (925) 853-04-57 (c 11%°— go 18%)
http://publ.naukovedenie.ru

NHCTUTYT FOCyaAapCTBEHHOrO ynpaBneHus,
npaBa W MHHOBALIMOHHbIX TexHonorui (UIYMUT)

NHTepHeT-xypHan «HAYKOBEJEHNE» N22 2013 Ony6n1KoBaTh CTaTbIO B XXypHare -

Table

Dependence of MI-compaction pressur e from discharge current of MI-pressin various modes

Discharge current, KA
Mode 80 | 100 | 124 | 150
Compaction pressure, MPa
Single-action MI-| 4 4, 320 430 590
compaction
Double-action | 55, 650 860 1200
MIl-compaction

Thus, the proposed technique provides reliablelteetar the measurement of pressure pulses
and can be applied in research and practical worlllscompaction of powder masses.

3. Experimental results and discussions

For compaction experiments alumina nanopowders weeel obtained by plasmochemical
methods [7]. This powder synthesis technology seldeon the thermal decomposition of an aqueous
solution of the corresponding metal salt in a higiqtuency discharge plasma. About 15-20% of the
so produced powder particles consist of hollow spids. The shell of spheres has polycrystalline
structure. The average crystallite size is 20-30 bimder the influence of weak adhesive forces

crystallites agglomerate into particles with 5690 nm in size [8].

Alumina powder compaction has been done in a siagi®en and a double-action MI-
presses. The density of the compacts was determsgiag the Archimedes Principle.

Fig. 4 illustrates the obtained densities with ahanpowder as a function of the applied
pressure, in comparison with corresponding datadan literature for single-action Mi-pressing [2]

and static compaction [9].
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Fig. 4 Dependence of AD; compacts density from compaction pressure forousripressing
modes and techniques: 1 — single-action MI, 2 —btaction MI, 3 — single-action Ml [2], 4 —
static pressing [9]

A comparison of the various compaction methodsaalthe following conclusions:

1. Dynamic methods of compaction provide higher pact densities as compared to static
ones.
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2. Literature data for densities of alumina compaditained by means of a single-action MI-
press [2] coincide with the data of the presentegstigations in the pressure range of about @6-0,
GPa. The observed deviation from a linear pressependence at pressure levels below 0,6 GPa can
be explained by the following. The given Ml-pressese been designed for production of disk
shaped compacts with 5 mm in diameter. In this,caben the compact sizes are rather small, the
influence of friction caused by interaction of pawgarticles with the die is increasing. In order t
overcome such lateral friction forces it is necegsda use 30-40% of axial pressure. But this
decreases the compaction efficiency in particuldowa pressures which results in a deviation from
linear dependence “compact density — compactiosspre” as it is shown in Fig. 4. At the same
time this effect becomes stronger with decreasorgpact diameters [10].

3. The double-action MI-compaction provides maximgraen densities as compared with
other compaction techniques. As calculations shywthis compaction method energy of about 1 eV
in average is transferred to each powder partictheamoment of collision. Under the influence of
such excitation agglomerates are destructed, soamtéclps are crushed and point and linear
imperfections appear. All this consequently leadspbwder activation. Such activation effects
become even stronger due to adiabatic heating glunpulse compaction. These processes are
followed by the growth of compacts density. Pressioubling in double-action compaction leads to
considerable growth of compacts density as predemeFig. 4. Thus the double-action MI-
compaction technique provides considerable actmabf the powder that positively affects the
quality of compaction and the subsequent sintesinganoceramics.

4. Conclusions

The present paper is devoted to the constructiora afouble-action Mi-press and its
application in nanoceramics production technology.

A new technique was proposed for measurement ofilsepcompaction pressure based on
the determination of the punch velocity under Mingaction. The given technique possesses good
metrological characteristics and is easy to use.

The main advantage of double-action MI-compactiorromparison with single-action MI-
compaction lies in doubling of the compaction puess and in the ability to gain high density
compacts at low pressures. This effect is explaimedispersion processes going on due to opposite
movement of powder environments as well as by ati@theating of the compacted masses.
Furthermore during the compaction process additionperfections are generated that also cause
compacts density growth and will later lead to@uiion of sintering temperatures.
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Penensent: ['biHrazoB Cepreii AHATONBEBHY, JOKTOP TEXHUYECKHMX HAYK, BEIYILIUN
Hay4YHbI coTpynHUK IIpoOneMHON Hay4YHO-HMCCIIEIOBATENBCKOM J1aOOpaTOPHH  3JIEKTPOHUKH,
JTUAJIEKTPUKOB W TOJYNPOBOJHUKOB HWHCTUTYTAa HEpa3pyllarolero KoHTpoias HanuoHanbHOro
HCCIeA0BaTeNbCKOro TOMCKOTO MOJIUTEXHUYECKOTO YHUBEPCUTETA
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