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Table 1 Chemical composition of aluminumash

(' mass percent) %

W4y Al ALO; MgO  Si0, a0 Fe,0; Na,0  TiO,

S 23.67 23.58 10.65 15.55 4.86 3.44 2.78 2.68
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Fig.1 XRD pattern of aluminum ash
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at different temperatures
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Fig.6 Y3, E3, L3, C3 were sintered at 1 473 K for 3 h, and the microstructure and micro-region BSE

were also obtained

R2 X EDS pHrocE SR (R0

Table 2 EDS analysis in the micro-area of element contents( mass percent ) %

X 0 Mg Al Si Ca La Y Fu Ce

1# 12.93 15.32 53.38 11.99 — — 1.96 — —

2# 11. 41 13.33 32.45 11.34 — — 29. 69 — —

3# 11. 88 20. 12 59. 47 2.12 0.95 — — 5.45 —

4* 7.80 16. 84 51. 85 4.77 3.88 — — 14. 86 —

5% 12.5 20. 74 59.53 3.60 — 3.62 — — —

6" 11. 12 21.15 59. 81 3.92 — 4. 00 — — —

7* 7.38 0.76 62.34 0.73 0.34 — — — 28.44

8" 9.51 1.20 85. 68 0.56 0. 62 — — — 2.44
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Table 3 The lattice constant and unit cell volume
of MA with 3% REO at 1473 K for 3 h

friy a=b=c¢/(102 pm) v/(106 pm®)
Y3 8.079 18 527.35
E3 8.082 4 527.98
13 8.068 75 525.31
c3 8.063 75 524,34
NI 8.07328 526.2
bR 8.083 1 528.12
3 4hie

A FEAE B0 KU AL T8 JE B2 Ak 31 ) e 1
TE SRR B A0 1 S8 AW, s A b 4 il o BE 4R
RERABPRE, RS M AL 0 B 25 0 L e
AN RIL AL , O PR WA - S A W fE s A e 4 g A o
AROULBLAR A3 2 LT 2458

1) TERR I S5 R AR PP U 42 2% 4 Tl Al £ 460
I (Y,0,,Eu,0,,La,05 A1 CeO,) Al T+ 18k 4R
Rim AR ECETERE. 76 1673 K % R 42453 h
Ja BRI SRS R B 2% 3% Y,05.3% Eu, 0y |
3% La, 05 F 3% CeO, Frifi & BUBE R A A1 A4 8, 1A
FHBFRE 2. 02 g/em’ 43 HI1 7254k 2. 04 g/em’® 2. 02
g/em’ 2. 13 g/ecm’ Fl1 2. 07 g/cm’; $54% La, 0, Jif15
Rl B PERSORAL T HoA 3 26

2) SR A HE 4 JRURL o B 2 LA,
RERE ST W B BR AR A A BHECR PR A9 U R R L

RULN P R TR R A58 2 el
P LB T R, I T ALIEER Ak TR
AR EHESS Ja A EUR L BB A R AP M 1 Atk
XFRPRHECE TEIR T A RCRA 22 5, [ d B A Tk
R

3) TERR I HE 45 UL Sl 1B 20 M S A

PRk il wARE, —J7 T AT DA IR ES IR BRI, 4Tt

FORMARURE L , 55— 07 T U8 M - S8 AL W B B 45 0

A AT LA 98 50 B JC F AL IR R AL B A

E=3UN

(1] 3kBB, /NG, Wi, 2. ZRERKPEE: &SR it
BT, A A RERES TR, 2021, 12(6) : 42 49,
ZHANG Yong, HE Xiaojuan, YU Chenglong, et al. Sintering
fabrication of magnesia-alumina spinel by secondary aluminum
[J]. Nonferrous Metals Science and Engineering, 2021, 12(6) :
42 -49.

[2] ZHANGY B, XU J M, LIU J C, et al. A novel value-added
utilization route for washed residue of secondary aluminum dross:
Preparing corundum-spinel ceramic spheres for high-temperature
heat storage[ J]. Ceramics International, 2024, 50 1379 - 1388.

(3] #fin, 6, XS, . KK LA WAoo
[J]. A48 TR, 2019, 9(10) : 117 - 125,

YANG Hang, SHEN Shifu, LIU Haiying, et al. Study on
mineralogical characteristics of secondary aluminium ash [ J].
Nonferrous Metals Engineering, 2019, 9(10) ; 117 —125.

[4] EI-SHENNNAWI A W A, MORSI M M, ABDEL-HAMEED S A
M. Effect of fluoride nucleating catalysts on crystallization of
cordierite from modified basalt-based glasses[ J]. Journal of the
European Ceramic Society, 2007, 27(2 -3) . 1829 - 1835.

[5] KIM T, KIM D, KANG S. Effect of additives on the sintering of
MgAl,O4[J]. Journal of Alloys and Compounds, 2014, 587
594 -599.

(6] JEZ, FEit, BRA, % BRSBTS R IT %
SR E g E R, 2018(8) : 193 -194.

ZHOU Yujun, TANG Jianhong, TANG Dacai, et al. Development
and application of magnesia-alumina spinel refractorie[ J]. China
Metal Bulletin, 2018(8) : 193 —194.

[7] ZHANG Y, GUO Z H, HAN Z Y, et al. Feasibility of aluminium
recovery and MgAl, O, spinel synthesis from secondary aluminium
dross, International Journal of Minerals [ J ]. Metallurgy and
Materials, 2019, 26(3) : 309 -318.

[8] s, 2t 208, . UG RBR AR TR FIBORE H] %
B all]. AR GRERT) , 2022 (10) : 58 -66.
HOU Jiaxin, LI Zhanbin, LI Shaopeng, et al. Preparation of
magnesium aluminate spinel and mild desilication of acidolysis
residue from secondary aluminum dross [ J ]. Nonferrous Metals
( Extractive Metallurgy) , 2022 (10) : 58 - 66.

[9] MAJ, ZHU S G, DI P, et al. Influence of La, 05 addition on



2025 4E 10 A4 5 1

FHUTE 55K B L A X bed

i A BRI BRI R - 135 -

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

hardness,
sintered WC — MgO bulk composites [ J].
2011, 32(4): 2125 -2129.

REN CZ, WU S, WANG W L, et al.

flexural strength and microstructure of hot-pressing

Materials and Design,

Recycling of hazardous
and industrial solid waste as raw materials for preparing novel
high-temperature-resistant aluminum

Journal of Building Engineering, 2023, 64

sulfoaluminate-magnesia
spinel cement[ ] ].
105550.

MAZY, MAHR, BAMEF, et al. The influence of secondary
aluminum ash sintering grinding fine powder in the mechanical
properties and shrinkage characteristics of Portland cement matrix
[J]. Journal of Building Engineering, 2024, 89. 109244.
KONG L B, ZHANG T S, MA J, et al. Mullite phase formation
in oxide mixtures in the presence of Y, 05, La, 05 and CeO, [ J].
Journal of Alloys and Compounds, 2004, 372(1) : 290 —299.
SARKAR R, DAS S K, BANERJEE G. Effect of additives on
the densification of reaction sintered and presynthesised spinels
[J]. Ceramics International, 2003, 29(1) : 55 - 59.

XUBE, RARAN, DM, 5. BRI AL E Rt e ],
WA 4R, 2022, 48(2) . 277 -287.

LIU Ying, ZHANG Junjie, SHEN Hanlin, et al. Research

progress of secondary aluminum dross resource utilization [ J].

Rare Metals,2022, 48(2) . 277 - 287.

RE, WKBEE, WP, SF. UG R B Y B IRAL A
FEORBIR )], PRI SRR ATT, 2022, 15(12) .
39 -41.

WU Zhen, ZHANG Xiaoyu, CHEN Zhongnan, et al. Advances
in reutilization technologies of hazardous secondary aluminum
dross [J].
15(12): 39 -41.

TRBUMR. R IR 4 BRG44SR AL 5 S 1
[D]. dbmt: dbntRiRA:, 2022.

SHEN Hanlin. Characteristics of secondary aluminum dross and

Recyclable Resources and Circular Economy, 2022,

research and application of its total resource utilization [ D ].
Beijing: University of Science and Technology Beijing, 2022.

AN, L, Hitss. B Ak B SR AR IS
BURLI]. TEHLER T, 2020, 52(9): 21 -25.

SHI Zhiping, JIANG Lan, YANG Hongliang. Research status of

recycling and resource utilization of aluminum dross [ J ].
Inorganic Chemicals Industry, 2020, 52(9) . 21 -25.

QIU G M, LI XK, QIUT, et al. Application of rare earths in
advanced ceramic materials[ J]. Journal of Rare Earths, 2007,
25(2): 281 -286.

[19]

[20]

[21]

[22]

(23]

[24]

[27]

(28]

T, RTE, R R, S R IR A AT A R

EREARDIFELT]. B4 )d, 2022, (11): 16 -20.
GAO Yu, LIU Wanchao, ZHUANG Lingyun, et al. Study on

preparation of alumina by comprehensive utilization of secondary
aluminum dross resources[ J]. Light Metals, 2022, (11): 16 —
20.

QU H X, WU Q, WEN H Q. Effect of CeO, additives on the
of WC - AlLO,

2015, 9(3):

microstructure and mechanical properties
composites[ J ]. Baosteel Technical Research,
17 -22.

CHEN C, LI X L, FENG Y, et al. Optimization of CeO, as
sintering aid for Th; Al5 O, Faraday magneto-optical transparent
ceramics | J ]. Journal of Materials Science, 2015, 50 (6):
2517 -2521.

HASSAN M M, DHOLABHAI P P, DEY S, et al. Reduced
grain boundary energies in rare-earth doped MgAl, O, spinel and
consequent grain growth inhibition[ J]. Journal of the European
Ceramic Society, 2017, 37(13) ; 4043 —4050.

SHI Z M, PAN F, LIU D Y, et al. Effect of Ce** -modified
amorphous SiO, on phase transformation towards a-cordierite[ J].
Materials Letters, 2002 57(2) : 409 —413.
. USRI FE R R IE S AL D]
T K%, 2021.

LI Yong.

2H 22 M
Hazards of secondary aluminum dross and its
transformation mechanism in treatment[ D ]. Lanzhou University
of Technology, 2021.

YANG J Z, TIAN L, MENG L Y, et al. Thermal utilization and
strategies for secondary aluminum dross; A review[ J]. Journal of
Environmental Management, 2024, 351 119939.

NAIK P P, TANGSALI R B. Enduring effect of rare earth
(Nd** ) doping and vy-radiation on electrical properties of
nanoparticle manganese zinc ferrite [ J]. Journal of Alloys and
Compounds, 2017, 723 266 —275.

MR, BrEs, Jifh, S BRI A o E PR K A
RERFSEJ]. BERRERAAR , 2023, 42(2) :618 - 625.

CHEN Xin, ZENG Xionghui, FANG Wei, et al. Preparation and
properties of high strength ceramsite from secondary aluminum ash
[J]. Bulletin of the Chinese Ceramic Society, 2023, 42(2):
618 - 625.

KONG L B, MA J, HUANG H. MgAl, O, spinel phase derived
from oxide mixture activated by a high-energy ball milling process

[J]. Materials Letters, 2002, 56(3) ; 238 —243.



- 136 - ¥ R I SEFASIR

Effect of trace addition of rare earth oxides in aluminum ash slag
on the compactness of magnesium aluminum spinel materials
prepared by sintering

WANG Rixin', ZENG Siqi', DENG Yakun', WANG Guoging”, ZHANG Yong'
(1. Institute of Applied Physics, Jiangxi Academy of Sciences, Nanchang 330006, China;
2. Jiangxi Huagan Henghao Environmental Protection Technology Company, Fuzhou 331800, China)

Abstract; Aluminum dross is a solid waste produced in the electrolytic aluminum and recycled aluminum
processes. Its main components are metallic aluminum, alumina, aluminum nitride and magnesia-aluminum spinel.
By regulating the phase composition content of aluminum dross, magnesia-aluminum spinel materials can be
prepared by solid-phase sintering. Rare earth oxides can promote the sintering densification and grain development
and growth of magnesia-aluminum spinel materials. This study investigated the influence of trace doping of four rare
earth oxides (Y,0,, Eu,0,, La,0, and CeO,) in the raw materials for preparing magnesia-aluminum spinel
materials using aluminum ash slag on the performance of sintered materials. And the microscopic mechanism of rare
earth oxides during the enhanced sintering process was explored, and the following main conclusions were obtained.
The results show that Doping with four rare earth oxides (Y,0;, Eu,0,, La,0, and CeO,) can enhance the density
performance of magnesium-aluminum spinel materials prepared by sintering aluminum ash. Magnesium-aluminum
spinel materials were obtained by doping 3% Y,0,, 3% Eu20,, 3% lLa,0, and 3% CeO, in aluminum ash and
sintering at 1 673 K for 3 hours. The volume density of the material changed from 2.02 g/cm 3 to 2. 04, 2.02,
2.13 and 2. 07 g/cm 3 respectively. The compactness effect of the sintered body strengthened by La, 0, doping was
better than that of the other three types. During the doping and sintering process of rare earth oxides with large ionic
radii, rare earth ions undergo solid solution diffusion. This diffusion process accelerates the elimination of pores,
thereby promoting the sintering of spinel materials. The effect of different rare earth oxide doped aluminum ash slag
on improving the density of magnesium-aluminum spinel materials prepared by sintering varies. Among them, the
isomorphic displacement effect significantly enhances the density of the material. Aluminum-ash slag is a solid
waste produced in the process of electrolytic aluminum and recycled aluminum. By regulating the phase composition
of aluminum-ash slag, magnesia-aluminum spinel materials can be prepared by solid phase sintering. At the same
time, the effect of doping modification of rare earth oxides on the density of materials is studied. The results show
that doping of four kinds of rare earth oxides (Y,0,, Eu,0,, La,0; and CeO,) can improve the densification
properties of MgAl, O, spinel materials prepared by sintering of aluminum-ash slag. The bulk density of MgAl, O,
spinel was changed from 2. 02 g/cm’ to 2. 04, 2. 02, 2. 13 and 2. 07 g/cm’ by sintering of 3% Y,0,, 3% Eu,0,,
3% La, 0, and 3% Ce0, doped aluminum-ash slag at 1 673 K for 3 h. La,0; doping enhances the densification of
sintered body better than other 3 types. Rare-earth oxide doping sintering with large ion radius makes rare-earth ion
solid solution diffusion, diffusion accelerates the elimination of pores and promotes the sintering of spinel materials.
Different rare-earth oxides doped alumina ash have different effects on the densification of MgAl,O, spinel materials
prepared by sintering, and the densification is stronger by isomorphic substitution.

Key words: aluminum ash; magnesium-aluminum spinel; rare earth oxides; La,0,; Y,0,; strengthening

sintering; dense performance; isomorphic displacement



