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A comparative study was made (in an air plasma flow) on porous
p: electrodes 835-45% porosity) manufd., from the refractory compds.,
TIC, NBC and ZRB2, and destined for use in open cycle magneto-

e hydrodynamic generators, To protect the electrode material,
.4 a protective AR or N gas was blown through the boundary near

: electrode layer, Electrodes af ZRB2+LAB6, W+LAB6 and LABS were
3 compared, The source of plasma flow was a 300 KW plasmotron
with air arc stabiliization and the following parameters at the
inlet of the effective zone: mean mass temp,, T=2TO00K, flow
rate, U 1s approximately equal to 350 M-Sec,; AMT, of K addn.
A smaller than or equal to 1,2%. The electrode temp., was 1200-
4 2400K, The expts. were conducted with and without the protec-

3 tive gas by detg. the phase compns, of the electrode material
G by X-Ray anal, When the electrodec were protected with neutral
9] gases, they could be manufd, from TI(, NBC and ZRB2, AT1139112
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* INTERACTION OF POROUS ELECTRODE
"MATERIALS WITH AN AIR PLASMA

2 FLOW DURING THE BLOWING THROUGH

5 ﬁi OF PROTECTIVE GASES

f g} :Yu. P. Kukota, Yu. K. Lapshov,
S Ye. M. Prshedromirskaya,

SN :V. M. Sleptsov, and L. A. Klochkov

The problem of creating reliable materials for the electrodes’
of open cycle MHD generators is still incompletely resolved. The
accumulation of experimental data on the interaction of refractory’
electrode materials with aggressive flows 1s one of the pressing
nroblems in seeking the necessary compositions, techno}ogy of
separation and means of protection against electrode destruction.
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Carbides and borides of transition metals from groups IV-VI

? § ¢ the periodic system, having high melting points, high hardness,'
:? g high temperature-strength, wear resistance, high thermal and
;g ég electrical conductivity, are of considerable practical interest in
Q E} hizh temperature technology [1, 2], in particular when they are .

- aced as the electrode materials in MHD equipment.

Thls work studies the behavior of niobium and titanium
carbides, «nd zirconium boride in a flow of air plasma. In order
L, nrote t the working surface of the electrodes from oxidation
and erosim»m by means of.blowing in argon in the near-electrode
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glayer, the materials were made with a porosity of 35-45%, which !

% ensured the required gas permeability. The electrodes made from 3
gz ithese materials were tested on a NII installation by maintenance ' %
gf ‘engineers of the Moscow State University [3, 4]. E
: 13 The source of the plasma flow was a 300 kW plasmatron with %
3 ? ,alr arc stabilization. The basic parameters at the entrance to | %
; %. ithe working section were: mean-mass temperature Ty ~ 2700°K, i §
1 : Evelocity U ~ 350 m/s, up to 1.2% sodium addition; the electrode ' 4
2 'temperature varied from 1200 to 2400°K. §
ﬁ %‘ X , é
% %z Results of studies on the tested electrodes made it possible é
é %? :to make a number of conclusions as to the behavior of the materialé §
{ g ‘in flow from the point of view of erosion resistance and chemical %
-k Anteraction with the flow. Erosion resistance of these materlals , 4
L Ein an air plasma flow is unsatisfactory without special protective, %
é &ﬂ means. Considering the insufficient corrosion resistance of ’ g
3 3 .electiodes from carbides and borides together with the good f ?
% ? :electrical characteristics, they were tested with a supply of i E
é E ‘protective gas (argon or pure nitrogen) in the near-electrode é g
K. {5 gboundary layer. It is known [5, 6] that blowing gases into a ! %
% g‘ tboundary layer through a porous wall results-in a conslderable 3 E
RN reducing of the velocity, temperature and concentration profiles. | 1
y E» ‘A drop in the near-wall gradient of these quantities results in a § %
¢ %n decrease of the coefficients of friction, heat exchange and mass ; E
5 %} ftransfer, which is expressed in a rise of the erosion-collision i %
§ g ‘resistance of the material. E %
- ; % ]
RS Experiments with argon protection of porous titanium carbides, k|
fg %f ,niobium carbides and zirconium boride in an air jet from a plasma-z %
é § {quq.showed that when the parameter of the blowing in 2%5£=0p4 _; %
é %1 ,bhe erosion resistance of these materials approaches thg ;e- E E
? % ;sistance of zirconium dioxide and- in the same conditions surpasses; §
4 g jthe resistance of electrodes made of silicon carbide. - %
= L. - 3
£
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Linear measurement with correction for wear by welght de- A
termined the erosion wear of the electrodes. It must be kept in 3 f
mind thiat the accuracy of determining the removal by this method .
is low (*100%), however the uce of other methods, for example,
the welght method, is difficult because of the presence on the

% s el S i B A 5 T

% electrodes of refractory concrete residues,a melt of the lining

§3 .etc., removal of which without destroying the structure of the
§ ;electrode material is practically impossible. Filgure 1 graphs f
%: ‘the values for removal of certain materials as a function of the !

? parameter for the argon blowing. The graph also plots data on the}

% erosion resistance of SiC [8] and 2r0, [9]. As 1s evident, the i %
g ‘protection by means of blowing in argon (or high~-purity nitrogen) . %
g; permits the use of such materials as TiC, NbC, ZrB2 in an aggresive E
i; plasma flow. i E:
5. :
} §
D "%
2 Tpms s &
g < Fig. 1. Erosion weer of 9
£ - electrode materials: %
py e 1l —-W, W+ LaB6; 2 - TiC; p
S 3 — ZrB,; ZrB, + LaB.. : k
| AT R 2> M2 6 : 3
i 2r0; —

. 3
2 " = :

0T a0l a0z 068 QN Zwde l
Poly

id p 8

o

This blowing (injection) affents the purity of the electrode
working surface, and as a result the electrical characteristics.
iIn experiments with injection somewhat higher parameter values
'determining the voltage and ampere characteristics of the electrode
‘were fixed. For example, Fig. 2 gives the relationship tg g% = '
= £(T,) ard J* = §(T,)[3] for Zrb, + LaBg.

-1

[}

H

L SR o ST T T D B 0 SR

. i
RElectrodes of TiC, ZrBZ, NbC tecsted with protection through

:3-4 triggerings .(1 up to 10 min) showed practically no change in
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geometry.  According to data from microstructural analysis,on the
surface of the electrode tested without protection a layer (up to

0.4 mm) is formed from the products of interaction of the materilal

with the plasma flow. The surface of the electrodes with pro-
tection shows no such layer. Filgure 3 gives the microstructural
photographs of a ZrBé + La86 electrode surface without protection

(a) and with pr. tection (b); the test time was 4 min, surface '
‘temperature Tw = 0-2100°C.

1n order to study the structural change in the electrodes,
an X-ray metal analysis was made of the titanlum carbide and the
zirconium boridz, which had been tested in an air plasma flow.
Metallegranhic study of the electrode specimen showed that the
ja',epraction with the flow occurs directly on the surface. The
miccostruectur: of the layer on the titanium carbide is an alter-
natdry seciinn of two type: with a microhardness of 3160 110
and 1430 * 2.0 kg/mmz. These sections were identified by the
avthors as titanium carbide (HM = 2988 & 125 kg/mma) and a product
of th~ interaction of titanium carbide with oxygen and nitrogen of
the air plasma H,T10, = 800-850 kg/mm® (H,TiN = 1994 # 137 kg/mm>).
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Fig. €. Effect of surfac. purlty on the :
£ i
electrical properties of a cathode from .
ZrB, + LaBg (0.3%K):
P 1 — without -protection; 2 — argon blowing
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Mg. 3. Microstructure of the
elfective surface of an eleg- :
trode from ZrB, + laBg (magni-

fication x35): a) without
protection; b) with argon
blowing.
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' The mierostructure of the layer on the zirconium boride

;1ncludes sections of two types w:th a.microhardness of 1290 ¢ 30
rand 1400 * 50 kg/mmz, whish the authors deciphered as zirconium
boride (HM = 1520 * 85 kg/mmz) and a product of the interaction of
the zirconium boride with oxy. ¢n and nitrogen (HMZrO2 = 1013 + 104:
kg/mmz). '
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X-ray analysis was conducted on the specimens of TiC, ZrBz, ,
ZrB2 + LaBs, NbC + CO, LaBg, W+ LaB6.

-~
NEEE e O RN TR T
RS TR R AT

e 1
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e ARG
ifgm!’a‘w
For TR

X-~-ray photographs were taken from the effective surface of
‘the specimens and from their base in a cylindrical chamber 57.3
‘'mm in diameter in filtered CuKa radiation. ’

Fo N e ret " o £

The phase composition of the specimens was determined by

comparison with standard X-ray photographs taken from X-ray
+card indexes. The results of the analysis are given in the table.,
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Table: X-ray phase analysis data

Observed phases
Specimen with without
Base pro- pro-
tection tection
TiC TicC TiC TiO2
NbC NbC NbC Nb2 :
Zrls2 ZrB2 ZrB2 ZrO2 ' {
ZrB Monoclinie .
ZrP.2 + LaB6 ZrB2 Zr52 Zr02 :
W + LaB, W - wo§
LaB6 LaB6 -— LaB6

'High-temperature :odification.

Comparative tests showed that by protecting the material with
1 blast of inert gases 1t is possibLle tc use refractory compounds
as open~cycle electrode materials.

Thermodynamic analysis of the possible titanium carbide
oxidation reaction [7] testifies to the fact that in the temper-
ature interval of 300-2000°K the most probable reaction is

TiC 420, =Ti02+CO2,

since in this temperature interval this reaction has the greatest
amount of change in frece energy and correspondingly in the values
~f vapor pressure for the gaseous :omponents.

2 AL R ST U D UN R e U A AT b 0 S R S A A Rt 10 STt oS ST 2T U e BT DR L e AT S BN 1R o A0 a2 R AR AR DT MO A 0 Kl SR RSl e g a5 S AR B N B S0 e e e N B

%ﬁ Study or thermodynamic equilibrium in a titanium carbide-

gé nitrogen system when different products of the CN and C reaction

gg are obtained, showed that when titanium carbide interacts with

iﬁ nitrogen and carbon i; obtained the free energy ol the reaction ' :

§§ decreases as temperature rises. As a consequence titanium carbide

§§ practically ceases to react with nitrogen at 926°K. A reaction of

55; ' "
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tltantum carivide with nitrogen and the obtaining of gaseous CN B
1s lmpossible and theoretically can occur only at very high

28%

3
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A
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4 temperatures (12,500°C). g
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