3. pa3BUTHUE CUIIOBOH AIIEKTPOHHUKHU U YCTPOICTB HA UX OCHOBE, IPEXKIE BCErO
Pa3IMYHOTO PO/ CETEBBIX YIPABIAEMbIX YCTPOUCTB (TMOKHE CUCTEMBI Ie-
penauu nepemennoro toka — FACTS);

4. co3maHue  BBICOKOMHTETPUPOBAHHOTO  MH(POPMALMOHHO-YIIPABIISIIOIIETO
KOMIIJIEKCA ONIEPATUBHO-INUCIIETYEPCKOTO YIIPABICHUS B PEKUME PEAIIBHOTO
BPEMEHH C DKCIIEPTHO-PACUETHBIMHA CUCTEMAMU NPUHATHS PELICHUM;

5. co37aHME U IIKMPOKOE BHEAPEHUE IIEHTPAIU30BAHHBIX CUCTEM IPOTUBOABA-
PUIHOIO YNPABJIEHUS, OXBATHIBAIOIIMX BCE ypPOBHM EnWHON sHEpreTmde-
ckoi cuctembl Poccuu;

6. co3gaHMe aBTOMATU3UPOBAHHBIX CHCTEM YIIPABJICHUS CIIPOCOM Ha 3JIEKTPO-
DHEPIHIO;

Pa3Butue Oyaymmux 99C Ha TEXHOJIOTMYECKON 0a3e MHTEJUIEKTYaJbHOM 3HEp-
TOCUCTEMBI IMO3BOJIUT BO MHOTOM HHUBEIIMPOBATH IEPEUUCICHHBIC BBINIC MOTCHIH-
aJIbHO HETaTUBHBIE TEHIEHIINU B N3MEHEHUH cBOUCTB DIOC.
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OBTAINING NANODISPERSED POWDER OF ZNO+ BI,0; BY PLASMA
DYNAMIC SYNTHESIS

K. Firsov, Y.L. Shanenkova, I.l. Shanenkov
Tomsk Polytechnic University
Institute of Power Engineering, Department of industrial electric power supply, 5A3]1

Zinc Oxide is an advanced material. Its application fields are very wide: diode
manufacture for solar cells, LED manufacturing and other. Also ZnO powder is a part
of powder lasers and constitutes interest for making materials and spintronic devices.
In addition, Zinc Oxide is all-purpose in medicine and cosmetology. However, the
most interesting field for researching is Zn-O based varistor ceramics. The main
components of such ceramics are ZnO powder with Bismuth Oxide Bi,O3 additive.

There are many methods for obtaining nanodispersed powder of ZnO+ Bi,0s,
which are written in [1-3]. It this work, ther powder of ZnO+ Bi,O5; was obtained by
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direct plasma dynamic synthesis, using a pulsed high-current coaxial magnetoplasma
accelerator of erosion type (CMPA) [4].

In contradiction to difficult chemical methods [1-3], the plasma dynamic syn-
thesis, which is offered at this article, provides obtaining nano-dispersed powder of
ZnO+Bi,0; in one short-time cycle of work (until 10 sec) [5]. For one cycle, it can
be obtained up to 20 g of powder.

A sketch-map of the experimental setup is shown in fig. 1. The main part is a
pulsed (until 10° sec) high-current (around 10° A) coaxial magnetoplasma accelerator
of erosion type [4]. The central electrode 1 is made of latten. Accelerating channel
(electrode-barrel) 2 is made of titanium Ti and contains inside closely packed Zinc
disks. At initial condition parts 1 and 2 are electrically connected by Zinc tablet,
placed in insulator-tip. In upper part of this tip the milled powdered Bismuth oxide
Bi,O3 is put. Tip is placed inside a cylindrical channel and forms by itself the plasma
formation zone 4. Cylindrical AC has the following geometry: diameter dac = 11 mm
and length €ac = 150 mm. CMPA is entered into the working chamber, having a di-
ameter of 300 mm, length of 700 mm, and space volume of 0,05 m®, which is filled
with oxygen to atmospheric at room temperature.

The CMPA is electrically supplied from a capacitive energy storage, having a
capacitance of C = 4,8 mF and the value of a charge voltage of Ugg = 3,4 kV. It al-
lows accumulating energy up to 27,7 kJ. Figure 2 shows oscillograms of current I(t),
voltage on accelerator electrodes U(t), curves of discharge power P(t) and released
energy W(t). The power supply begins, after closing the power keys (K) at the mo-
ment t=0, which is corresponded to the beginning of flowing the discharged current
I(t). During the time less ~20 us, due to the electrical conductivity of Zinc tablet, the
discharge is initiated with the further formation of plasma structure and arc stage is
developed up to the moment, when the current is equal to I, = 150 kA. The high-
current arc discharge provides electroerosive accumulation of Zinc from AC surface
and an acceleration of electoerosive plasma to supersonic speeds under the influence
of electrodynamic forces in coaxial system.

Fig. 1. System of plasma dynamic synthesis based on high-current coaxial magneto-
plasma accelerator (CMPA) of erosion type. 1 — tip of central electrode; 2 — accelera-
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tor channel (AC); 3 — fiberglass insulator; 4 — plasma formation zone; 5°- contact cyl-
inder; 5 - powerfull solenoid; 5 — contact flange; 6 — plasma stream.
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Fig .2. Oscillograms of current I(t), voltage on accelerator electrodes of U(t), curves
of discharge power P(t) and released energy W(t).

As a result of experiment, the nanodispersed powder of ZnO+Bi203 was ob-
tained. It had a yellow color and a its mass was equal to Myouger = 9,265 g. The ob-
tained product was investigated by X-Ray diffractometry method, using a Shimadzu
XRD 7000S diffractometer with Cu-ka radiation. According to XRD pattern, it was
found that the obtained powder did not have additional impurities and its cleanliness

----------------------------------------------------------------

----------------------------------------------------------------

----------------------------------------------------------------

50 60
Fig. 3. XRD pattern of obtained powder ZnO+Bi,05

The obtained powder was also investigated by a transmission electron micros-
copy method using a Philips CM12 microscope. A series of TEM-images was made
(fig. 4). Analysis of images allows confirming the phase content. According to select-
ed area electron diffraction (SAED), the obtained powder consists of only ZnO and
Bi,0Os. Yellow and green rings are for ZnO and Bi,0s, respectively. This analysis also
gives an opportunity to investigate the form and sizes of particles. As it is seen from
dark-field images ZnO particles have typical hexagonal form with sizes not more
than 300 nm. These particles are covered by Bi203 that is clearly seen from insets 1a
and 1b.
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Fig. 4. Bright-field, dark-field and SAED images of the plasma dynamic synthesis
product

After investigating the powder structure, it was sintered by SPS-method (spark
plasma sintering) using a special setup “SPS 10-4” at following parameters: the pres-
sure on punches was 200 MPa, a speed of sintering — 500 °C/min, maximal tempera-
ture — 550 °C. The sample cooling was natural to the room temperature,

In order to investigate the sample structure, the cross-section was made. After
polishing this cross-section, it was investigated by scanning electron microscopy
(SEM) usmg a Hltachl TM3000 mlcroscope (Flg 5).

2016/03/21 17221 NL D42 x20k  30um

Zn0_0003
Fig. 5. a) SEM-image of sample from synthesized powder; 6) SEM-image of indus-
trial varistor

According to SEM data, it may be concluded that the structure of obtained ce-
ramic presents by itself the close-grain phase of ZnO, which is surrounded by the ma-
trix of Bi203. In comparison with industrial varistor sample, grain sizes in our prod-
uct are much less that can give a positive effect, when electrical properties of the syn-
thesized sample will be studied. However, there can be seen the polished big agglom-
erate of ZnO, as well as pore spaces. These problems can be solved by selecting the
optimal mode of sintering and by changing the mass of Bi,Oz, which is placed in
plasma formation zone before experiment.

To sum up, this discussed method of plasma dynamic synthesis powder allows
obtaining a mixture of ZnO + Bi,0s3. The synthesized product has nanoscale structure
and do not contain other impurities. This product can be used for sintering dense Zn-
O-based ceramics, which is widely-used in electrical engineering as varistors. Particle

2016/04/04 17:30 HL D42 x20k  30um Zn0O_0007
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sizes and product purities are the main advantages of the proposed method that can
positively impact the final electrical properties of the obtained ceramics.
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MOJIEJINPOBAHUE ABTOHOMHOM CAC HA OCHOBE JINTUM-
JKEJIE30-®OCPATHBIX (LIFEPO4) AKKYMYJIITOPHBIX BATAPEN

O.C. Manus
ToMCKMI ONIUTEXHUYECKUA YHUBEPCUTET
OHUWH, OIIII, rpynma SA4/]

DNEKTPUUECKUN aKKYMYJIATOP — XUMUYECKUI MCTOYHUK TOKAa MHOTOPAa30BOI0
JENCTBUA (BTOPUYHBIM XUMUYECKUNA UCTOYHUK TOKA), OCHOBHAs crienuduka KOTopo-
ro 3aKJII0YaeTCs B OOPaTUMOCTH BHYTPEHHUX XUMHYECKUX MPOIECCOB, YTO oOecrie-
YUBAET €r0 MHOTOKPATHOE IUKINYECKOE HCIIOJIb30BaHUE (Yepe3 3apsaa-pa3psan) Ais
HAKOIUJICHHS SHEPTUU U ABTOHOMHOTO 3JIEKTPOIIUTAHUS PA3JIMYHBIX JIEKTPOTEXHUY E-
CKUX YCTPOMCTB 1 000pymoBanus [1]. XUMUYECKMMH HCTOYHUKAMH TOKA Ha3bIBAIOT-
Cs YCTPOMCTBA, B KOTOPBIX XMMHUYECKasl SHEPTUs IIPU Pa3psiie, 32 CUET OKUCIIUTEIb-
HO-BOCCTaHOBHMTEILHBIX MPOIIECCOB MPEBPAIIACTCS B JICKTPUUECKYI0 dHepruio [2]. B
HacTosIIIee BpeMsi, BO30OHOBIIsIEMasi YHEPreTUKa HE MOXKET 000OUTHUCH 0€3 aKKyMYyJIsi-
TOpHBIX Oarapeid. Pa3Hble TUIBI aKKyMYJISITOPOB UMEIOT HE TOJBKO Pa3IMYHYIO CTO-
MMOCTb, HO M OTJIMYAIOTCS 10 OCHOBHBIM IMapamMeTpaM: KOJWYECTBY IIMKIIOB Iepe3a-
PAIKHA, MAKCUMAJIbHOMY CPOKY XpPaHEHUS, OTJABA€MOW €MKOCTH, BHYTPEHHEMY CO-
MPOTUBJICHUIO, pa3MepaM, 00BEMY 3JIEKTPOJIUTA, TEMIIEPATYPHOMY AHANa30Hy pado-
ThI, BO3MOYKHOCTSIM YCKOPEHHOM 3apsiaiku. Ha ceromHsmHuil JeHb, JIMTUH-KEIIE30-
docharueie (lifepo4) akkymynsiTopHble OaTapen SBISIOTCS HauOoJiee COBEPIICHHBI
9TU aKKYMYJISITOPBI — MaJIOOOCITYy)KHBAaEMbI€, CIEI0BATEILHO DKCIUTyaTallMOHHBIC 3a-
TpaThl, CBSI3aHHBIC C MX MCIOJb30BaHUEM, OYIyT 3HaUNTEIHHO HUXKE. [k 3apsaa —
paspsiia, B CpPAaBHEHUU C JIPYTUMH TUIAMHU aKKYMYJISITOPOB, MOXET MPEBBINIATH He-
CKOJIBKO pa3. B cBsi3u ¢ 3THMM, BO3HHMKAET HEOOXOAMMOCTH MPOBEICHUS UCCIIEI0Ba-
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