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Abstract

Spectroscopic analysis of Ar-H, and Ar-N, plasmas revealed that the population density of the
excited states of each species (Ar, H and N) followed a Boltzmann distribution, but each species had
its own respective temperature. The temperature of argon atom was lower than that of hydrogen
atom in the plasma of Ar-H, mixture. The temperature of nitrogen atom was close to that of argon
atom in the plasma of Ar-N, mixture under one atmospheric pressure. There was a deviation from
local thermodynamic equilibrium (LTE) in these plasmas under one atmospheric pressure. The
deviations from LTE in these plasmas are explained by the differences in the energy flow in the
plasmas.

The in-flight reductions of Fe,Os;, Cr,0;, TiO, and Al,O; were carried out in the Ar-H,
plasma. The plasma reduces Fe,O; and Cr,0; to their metals. TiO, is reduced to Ti>O; and Ti3Os

AlLO; isn’t reduced. The products contain non-spherical and spherical particles, which are
quenched and cooled from gas and liquid respectively. The reaction mechanisms are explained as
follows. The oxide particles in the plasma are heated quickly, and then they melt and vaporize.

Fe;O3 and Cr,O; are vaporized as a metallic state in the plasma. They are quenched and
precipitated as non-spherical particles of their metals. TiO, and Al,O; are vaporized as their
suboxides such as TiO, AlO and ALLO. They are precipitated as non-spherical particles and oxidized
to stable oxides such as Ti,Os3, Ti3Os and Al,O; during the cooling. The particles which are not
vaporized completely are cooled from liquid phase as spherical particles.
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gas flow rate

No (N1/min) Power

Ar Hg or Ng (kW)
plasma gas 25 Hy 4
RF
1 sheath gas 25 0 64
DC plasma gas 10 0 4
plasma gas 25 N, 4
RF
2 sheath gas 25 0 64
DC plasma gas 10 0 4
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T (e-e) =4 X107 sec T (H-Ar) =7x1077 sec
T (e-Ar) =2X107° sec T (N-Ar) =7X107% sec
T (e-N) =610 sec T (H-H)=2x10"% sec
T (e-H)=4x10"% sec T (N-N)=5x10"8 sec

T (Ar-Ar) =5X1077 sec
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No RaW RF Power Ar. Hg. Powder fee.ding
Material (kW) (NVmin) | (NI/min) rate (g/min)
1 Fe;O3 51.0 57 3 0.45
2 Cr04 51.9 57 3 0.67
3 TiO, 47.6 57 3 0.68
4 0.-Al;O3 48.5 57 4 0.50
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No Raw Material Products Shape
1 Fe,03 o-Fe non-sphere
2 Cr,03 Cr+Cr;03 non-sphere + sphere
3 TiO, TiyO3+Tiz0s non-sphere + sphere
4 o-Al, O3 (0. +8) Al,O5 sphere+non-sphere
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EIINDLGE, TOMMER 11.6 m/s LHEFEEND, T72, P—FDEEH 200 mm TH
BT EMNSHFOMTEERIZ, BXZ 20 ms THb, ZORERIIE, Table 5 IR L-HT
DEFIZET HHEMICHET 2 &, ALO; DHEXKRETFTREVEEETH 5, EBHIZ, Fv
YN—RIZT T AR T L — LHMRT, BHE S NIRT AT v YN NERR L AL RITL
TWAZENFBEISNTBYEBRORICHEEIZEICEVWEENSNG, ftoT, KEBREM
T, 79 ASHIBBENRTIE, 7IXATHEELPIIIREER LTV L
Wb, EDORERE, il L2 RISEENIZLTHEIL2EFITE20D0TH S,
3-3-3 TS XvADBEERENEZ

FHETI, 79 XYHOBRTORNFM L ZOREORGIZ L b8 GEFE) OF)

Table 5 FT&HFET TOFRERER (ms)

raw material Ar plasma H; plasma N, plasma
Fe;05 17.4 1.4 2.1
Cr,05 70.8 1.8 12.6
TiO, 64.2 2.0 6.9
0.-Al;O; 155.0 5.9 16.2
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RIZED, CrOs DX ) LRERERIWTHRKREICLIVBLTESLZLEHELPIC LIz, K
EBRRERIZT T, BENZETES NIKEOEEHEOBRILY~DBRT~OFH % BHIEIZT
ELVD, TIAIATRERTFOANIANF—IRENF L, BLTICH L TERICEWNT
WHZERTHEZOLND, EoT, BT I XY R LEMNRKITICFIAL TW L 2d121F,
77 ARDFO®IRIIT TR L, HEHEOFESCIETEH, B2 EOFHENEMNTHY, =
ANVF—ORNPLEBEEOLEE 2 &7 7 ATHNOBER L HERT 5 L3z, HHEE HIH Lk
FRCICEBICFATE 2 M ERET A LILETH S,

4. BTZIXTDOSHOFBE ZDRE

BT IATDFEED—DOThHrEiRL, BILMOBTAOIBAEBIZ, 875 X< DOFH
DOUEEME L BEICOWTHRNTE 2, 75 AT OFEDOREIL, BEDOII LT — 251
LBENPLETHY, TORADPERENICR Y LOBENE 2w THE, LirL, #
HREREMEOE T V26, BEYNEICETIZEIBIY, BEILLoTE, 5<%
AV EPBEENRAY Yy MPFRWEENLEHIICE)20Hb, ZDXHLZEBAHNS,
FETIE, BT IATOREELRA LY, BEYWOFHED 2, EFEEYOBERMLER
W2 EOMIER, TN FTI A<k BVIEES X OMBEAR ORFEAESE <
HENTWVE, REMLHIEZ L TICHEISERS,

O FEIEWEOSH

PCB, 70> A A, FEREERTA L EICRESNLEWEE, 21, CEMICRE
T, »»o, B, MBEICRBEIREZLGEELSITVE, TNHOWEIL, LEHICE
ETHo72 ), BEDOBRBETIE, TEEEIEY, THEZOLOPPRETH L, HbHWII,
BROFRERCTIIMOEEYEL AWM T 5% L, MBOWREEL D DI %V,

—%, BT X<iE, FEKAHEL 10000 K BEOZRZEDHIELSN, FLALD
MELXBRTRCETHBTAHILNTRETH S, COUEZFAL, #ikLEERLFEY
Ba 77 AXTHBHEENTIRADPEL L 2 &N T B D, Z2oHfio—D212, 7
FGATIZE BT YT ADHTBRNH BD, 75 AL b 70y HADSRIZ, Fig. 12,
13 ICRT LIS, HO TERRZHM L7275 A~hil, 70V HAREATAILICL
D, HCLHF,CO; ICEH L, BIETAZ LN VA I XL v O HEEYWEDE
BAERIEL T2, Zo7atid, EFEES5 v brBE Liket, WAL, &EEEEST
FTH D,

@ BEENK 7 & OBRLEE, £JE EIL

BHIKPRIK, EBBBLEETRET LV A ML, BEEB L EOBEW R EATVS,
P SHEPLBEWEVEOHBT, BHAIEHETH VEOY Tl L ) BRERLGINLHE
WL\, BE, FEYOBH LT 2850 6 EBEITHED Y TG L 2T id % 5 4m
HOZMPHERT L, BOVUTHOREMRIIR ) D2OH B, R EMFIZDONTHA R
BHRETETWS, 22T, BHIKL L% SOICRET S, XiE, BRAATEARICERT
EHFMDFAENILZENT VS, ZIT, BEEENEH{, BRIETHIBONIBATIX
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Fig. 13 705 - HBELOFERE

< R FE L BB OREIED 5N TV B0,

Fig. 14 (ZEEEKDOERMEERB O —FlERT, 77 AVICLA®ERICLY, BEEIKRZM
BuAR S @, EMLERHIENTES, E512, EILLWE, a2 ) - FEMEEDE
FHAT 2RI ENT VS, 7, BELBOBERSHIAAONTBY®, TIFEHIKZ
TR, RIRRPEBIEMI A N ENOIERANTRETH 5,

X511, TARBAOEBAEMAELONS, BE, THPREDS OHKIE, HEY
REGHKE, LZ0H5VIEIMEWZFE L CEWESBEL, KEERYOLREATHOIT
Wb, EREWIE, HiRD L VIEEFRE & ERIN, &R, BHLEINTWED, EE
Wik EOBREBERCESR R E2E0L0, BOY Tk EXEEICR S LIITHERLD
BERPEE D OOH B, 2D, HRMEICH 75 ATOBEERE, L, B ERZ BT
BHEIICERERZ AT VML LEER DD L LTHFHATE 2WREEIE V. TRRE L HAG
bRID L) EMEAREDL, TIXTOFEEMRE L THEETH L, 4k, DL LHEH
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Heat exchanger 3P

‘c,;o' ‘c,<3‘ 21707400V 50Hz
r il ::::-:‘"
] ‘
1 Manifold '
' 5 )
: .

/tank : "
Water pump/tan '
P ' Feeder
| Water Dust collector
:
1
S ) 8 Molten
Compressor ” slag

Plasma furnace
Fig. 14 BHIKD 75 X< ERILEEEEE O A HEH

TOT 7 XX OFIRFEM P EFETE 5,

DE—Bl&@EICENT- L 912, 77 A &R LR e 2BEEYREEIN, Hi%EHs
R Sho2H ), SROFARMOMAERMEICKRE ZHFENFLELNT VS,

LaL, B2BETHENRZIIIC, RIERLLDZTIAIAOEETS R O T4ICHREES
nTwzv, SERPCIFERCEFR L 70 X T, FUCORE, #EE, HiiEs &0
R, T73AROUERTORTORE BB THILERTRTH Y, T OMBAIEE
MATOREEL 25, T2, 77 A< aFH LIBREYREBEMIE, BRMERRO—FL
LABRGEMTHY, 5HBIOEIMERBVLETHLEEZLND,

5. ¥ & &

BT AL, I X HIRERE, BItMOA T4 MEE, SHBROFBEMO
BRI DWW TR,

BENEOKERE, KEETTRELSE ArH, 75 X< TiE, Ar & H OFjiRENE
&D,%ﬁ%ﬁ$%ﬁﬁD¢OLW&Wut,T@E.tbt7717w@l$w* D
NOFEEOFEFHICIEL, EEETHTIIE A>TV AIEPEREEZONLILE
ST,

ArHy, 75 A< X BBALM DA > 754 FEITLTIE, Fey03, Cr0; 134 B T TEILT
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EHTL, GHEL LTTIAYHOER-REL ZOBRDODBETH LI L EHL NI L2,

G, 77X, HICBRTIXAOFA L LT, REMEICET 5 BEEY OB~
JCRADPELETHDL, INEEHIETW DI, 79 XTHTOREOHERE, FOHH,
FHRCEHEEELZ TR T 2EMORE LR L, 4%, £, LHOEEILNEH%22
WP LETH 5D,
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