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Plasma treatment of aluminum dross®

Akihiro TAKEUCHI** , Hideaki HASHIMOTO**, Kazushi TANAKA**

Naoki TANAHASHI** and Kazuhiro NAKATA***

In the recycling process of aluminum , a waste called aluminum dross is produced. It contains many kinds of refractory
compounds like aluminum oxide and nitride, chlorides, and also heavy metals. Because arc plasma can generate high
temperature, 5000~10000 K, it can be used to dissolve aluminum dross which has high melting point. Aluminum dross
sample, 160 g in weight, was pressed into pellets (10 X 50 X 20(mm)) to be dropped into the plasma chamber easily. In
the chamber the sample pellets were dissolved by plasma arc, and analyzed with X-ray diffraction (XRD), electron
probe microanalysis (EPMA), inductively coupled plasma atomic emission spectrometry (ICP-AES), and atomic ab-
sorption spectrometry (AAS). The volume of the sample after the plasma treatment is reduced to about 40 % of that be-
fore treatment. During the plasma treatment the constituents of the sample were changed, aluminum oxide increases
from 33.1 mass% to 77.1 mass%, aluminum decreases from 23.0 mass% to 1.5 mass%, nitrogen from 3.0 mass% to
0.9 mass%, chlorine from 7.32 mass% to 0.0080 mass% (=80 ppm). Arc plasma can be applied to dissolve the dross
and the experimental results of plasma arc harmless treatment are described.
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Ar gas rate : 2.5 X10% m3/s
Arc current : 300 A
Arc voltage : 70 V

Sample dropping feeder
Sample:160 g

D.C. transferred plasma torch
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Fig. 1 Arc plasma generator.
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Fig. 2 Recycling process of aluminum dross.
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Fig. 3 Temperature distribution in graphite crucible
at output of (a) 18 kW and (b) 28 kW.

B € & (19%)

2500 ® 505 past —
200 s past ]

800 s past ]

2000 -
€ 1500 ]
= e
§1000 L.\ ~...~.—~_. .
= ]
500 | ~ *—]
0'.-.--..---.--..............."

0 10 20 30 40 50 60 70
Distance from direct rays area (mm)

Fig. 4 Temperature distribution in graphite crucible
(18 kW) at different operation time.

(b)Aluminum dross after plasma trcatment

Fig. 5 Appearance of aluminum dross.
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Table 1 Changes in density and volume of samples
by plasma treatment

Before plasma | After plasma
treatment treatment
Density (kg/m?) 1.02x103 2.56 X 103
Volume ratio (%) 100 39.8

Table 2 Analyzed chemical species by XRD

Before plasma treatment After plasma treatment

Al AIN
AIN AlL,O;N
AlLO; A]3/3+x/3o4—xNx
KC1
NaCl
MgAlL,O,

T, 75 A=MBRIOTAI FrAIEBT V=Y
L ET A =y ADOFBLY, BLHRRE LICHBC
S TWB I EMbhb, =75 XA<UBEOTL IV
B A, 73 AABEERABCT VI =Y A0B{L
¥, Eh, FOREWEBHRELhLL, BTV =
Y ADANZ b ARBRAIIRIth 5T,

3.2.3 EEROH

1) 7A3i=9aAa

Table 3 CERSWERY TR, 77 A~ABETHS
ZERI YT A=Y AH23.0massdy (LATF mass¥ ik
% ERE) HHISK P L, ALO; #3315 h b
T7TAR ML TNB Z bbb, TDT AV IFD
44.0% DI, T =T AREBEIhic s LTE
B U7:40.6%1TIHIEFE LV,

2A1+3/20, == Al,0; (1)

(W) DFEFERCI\WT, BEEERHE= R V¥ — A4G°
13.0~3000 K CHEIC AG<KO THAHVZ L X b, FEH
HCBREFEERS T CR7 A = A7 A I F B
behs, ZERTIFRBEA 7 4 —FEAVCTKRKRT
THRELYBALTWHDT, ¥+ V- ANBLEHESIC
I oTb, TDDHT A I =7 A5 ALO; CEMEZ R
hDEEL bR,

2) 2BFE

N7 5 X~ABEYT5Z LIt X > T3.0%550.9%
wieh, MBEROBTES Lico NZTAL I FrA
FTILIZEALAINDHTHEELTWS L Bbh3,
AIN 32273 K TRE LIAD 590, 77 X< ABPhCH
ETHFALHONBEXHELICEZ A0.271K LE
VPETHote TREDANIZTSFA~ABITL 5T
AETHRELARQDOFBRILERBZ LictExbhb,

595
(cps), T
100 (a)
89
60|
40
20
oL
M .
R T PR |x1?°n||||l 1
] | [ | o AlOs
| | ! 1 Al
(cps)
200
(b)
150
100
ol oA PO S Y L WP L
| 1 L |1°°[ ull 1
L1l 1 ] 1 | AN
(cps),
(c)
300
200}
100]
0;
0° 50" 100 154°
| I | i
. T i | ALON
. I | | AN
N L | L | AlaaxnOaxNx
1 [ . | Al0

Fig. 6 XRD profiles of aluminum dross (a), (b)
before plasma treatment and (c) after plasma
treatment.
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Table 3 Quantitative analytical result
Before plasma After plasma Boiling Boiling
treatment treatment point (K) point (K)
Al (mass%) 23.0 1.5 2743
ALO, 33.1 77.1 3253
SiO, 6.7 11.4 2153
Na,O 16.6 <0.1 1548 NaCl 1686
MgO 6.8 1.6 3873 MgCl, 1685
623 1773
K.0 5.5 <0.1 (Decomposition) KCl (Sublimation)
CaO <0.1 0.2 3123 CaCl, >1873
N 3.0 0.9 —
Cl 7.3 0.008 —_
Cr (ppm) 123 31 2943
Pb 28 0.9 2013
Cd 6.2 <D.L. 1038 D.L.: DetectionLimit
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