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spinel materials during the sintering process of aluminum slag[J
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Fig.1 XRD pattern of aluminum ash
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Fig. 2

The influence of different impurities and different content gradients of 1 200~1 500°C for 3 h on the

volume density of MA
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Fig. 3 The influence of different impurities on the density of materials with the of content at 1 400°C, 3 h

And the influence of sintering temperature on the density of fixed impurities, different impurities

2.2 AEZEREARBRESZET MA R
FN Y 53 B 2 M

YNGRz 3 R NGIE X2 YN =4 0L T S U
FLUNE 4 TR, HA X o0 2 48 EDS 437 45
32,

M Si0, TSItk 5% B, B 4s IR E B 1 200°C T
% 1500°C, 1 200°CH45 SEM &l vt SRR W), 454
XRD #4347 5 EDS Sl X AG I 45 5, Bk 4 =24
FH R Mg,Si0, ; 2415 TF i 25 1 300°CI, Btk b A s
75 Ay SRR I S R R B NS A 8 S AR A B T
B A [ SN R W e N F A v S B E AR o)
B 5 1 400°CRa4h A 1Y SEM EHE H 0 L\ T
AR 3, 4 XRD 5 EDS B R 4E , B 7E 1% /i
IR BB AR S A (MA)PIAE

2 CaO W INEE R 5% I, e 45 I BE B 1 200°CH
F 2 1500°C, 1 200°CHe4h 1R A9 SHOULIE 55 B L TiT
AR Ry T2 BRRAE , BB 45 IR TH R R g
N A 5SROI S R A7 T 30, L Aok HES
() B B B 20 B T, AR AROWL 2 2 45 g 1) 3K
w1k,

M Fe,0, W NNl 4.5% W, B 5 R E 1
200°CTFETE] 1 500°C, 1 200°CH 45 AL 1Y SEM & rh
CIDUE =S AR NTEE N oy S SITER N [ R A U

IR T LR A & 3, 1 200°C I 1 300°C
P A5 A B ROUE 20 2R R 2 B IR A Al R 3%
SEPERL 2% B SE I TE 2 1 400°C , A oW 45
Ty vt K A P AL R B R R B0 B 1 G
S

24 Ti0, U I8 6% ), 1 200°Che 25 3 AE 1) &
W2 AR R B AR T PR A IR, FoRLIR]
) LR S A, ELE MLA R0k 1) 26 1T % i AL A
Al EE B BH 2 19 58 LA/ NBOR AR 25 A EDS JT
FOT5 XRD PIAH BT 4l S, UESEZ 40 /INBURE R 57
BB .

AWFFELE R F I, Si0,5 CaO 8 13 TE SR HE &5
FAEETHIRHA T % B2 0 VE FH AR | 55 T TiO, i A=
B AR AR Y BUE RN, AR T Fe,0,i8 1155
T A S AL R I BCE A
2.3 1200~1 500°C FERMNA [ 2% J5T B $8 7k & 5 4
WHET

AR L= B 2R AR R e 45 W AR 3 h
(W) AR T AR BT AL 5 BT s o

2 Si0, B8 h 5% IF, 1 200°C R4 ke i) 5
I H N MgALO, . ALO, Fl Mg,Si0,, iR T MgO 5
Si0, & A BV A= i Mg,Si0,, Wil £ AH A 58 4 I,
FETEZ 1 300°CH , Bgh i £ Z W2 N



2026 4F 6 J155 3 ) 5K BIAE: SRKIEGES ] s RO i A PR AR rh JR SO BERHA R BE B A BESE - 139 -

1 200C

B4 R e R e

(d) 6%Ti0,, 1 200~1 500°CHE£43 h

JEETT F il A MA BT EHEOIE 35 K]

&1 500

%

Fig. 4 SEM images of MgAl,O, spinel powders with impurities at different sintering temperatures
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Fig. 5 XRD patterns of MgAl,O, spinel powders with impurities at different sintering temperatures for 3 h
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The influence of impurities on the bulk density of magnesia—alumina spinel materials during
the sintering process of aluminum slag
ZHANG Yong, ZENG Siqi, DENG Yakun, WEI Jiang, WANG Rixin
(Institute of Materials and Intelligent Manufacturing, Jiangxi Academy of Sciences, Nanchang 330006, China)

Abstract: Aluminium slag is a typical industrial solid waste generated in the production process of electrolytic
aluminium and recycled aluminium. In this study, by regulating the phase composition of aluminium slag,
magnesium aluminate spinel (MA) materials were prepared using the solid-state sintering method, and the effects
of typical impurities in aluminium slag on the bulk density of the sintered body were systematically investigated.
The results show that the four impurities Si0,, CaO, Fe,0, and TiO, can all increase the bulk density of aluminium
slag-based MA sintered materials. Under the process conditions of sintering at 1 400°C for 3 h, when 5%Si0,,
5%Ca0, 4. 5%Fe,0, and 6%Ti0, were respectively added to the aluminium slag to sinter MA materials, the bulk
density of the materials changed from 2. 02 g-cm™ to 2. 03, 2.05, 2.21 and 2. 04 g-cm™, respectively. Among
them, Fe,0, promotes densification better than TiO, and CaO, while the densification effect of SiO, is relatively
weak. The mechanisms by which different impurities enhance the bulk density of MA materials differ: SiO, and
Ca0 can form low-melting-point liquid phases during sintering, strengthening the mass transfer process through
liquid-phase sintering effects and thereby promoting material densification; Fe,O; reacts with components in the
system to form a (Mg, Fe),SiO, phase that is eutectic with the MA phase, causing the microstructure to develop
multi-closed pore features, thus increasing bulk density; TiO, forms fine Mg ALTi, O, s 4, particles during
sintering, which accumulate at the grain boundaries of MA coarse grains, providing grain boundary bonding to
achieve material densification. In addition, the diffusion behaviour of impurity ions during sintering is also an
important reason for the change in bulk density of MA materials.

Key words: aluminium slag; sintering; magnesium aluminate spinel; impurities; bulk density; phase

transformation ; influencing mechanism



