454 4 55 5 M A SR Vol. 54 No.5
2025 410 H China Nonferrous Metallurgy Oct. 2025
~ \,
(B — A 4
SR E T H S IR
N ~

SIsctgs: T HWT, SR XRHEN, 2 BRI P REE M b AL PR T A B R AR R A BPREBCEE R [ ] P A

42025 ,54(5) 1128 — 136.

WANG Rixin, ZENG Siqi, DENG Yakun, et al. Effect of trace addition of rare earth oxides in aluminum ash slag on the

compactness of magnesium aluminum spinel materials prepared by sintering [ J ]. China Nonferrous Metallurgy, 2025,

54(5) :128 - 136.

B S M 1 B AR B 45 i 2B B AR

A1 A RFEUE Y B 52 i

FE, e g TEK, kB!
(L VLTS ERIEE N FRBFE T, L0 & 330006,
2 VTP R E RIARL A IR A F], V109 $EM 331800)

(% 2] BhEXvBefAitB I EART ZA2GEKRED, L LR A2 B Al AL
feAedt s R b G B R R EMAR RS S F RN BARR LA AT R &4 R dh B A, LR
WRBIR AR B EM AR AR BN REN LT RA, A AERT A ABREHE&248EK
5 B A R R B S 2 4 A L R AL (Y,0,,Fu,0,,La, 0, F7 Ce0,) 3 pe 45 A M4k 49 % vy, 5
WM LA RACK L TR P 0 HUAAE R T 254 %, SREN 4 FH RS (Y,0;,
Eu,0;,La,0, #7 Ce0,) TR Gl RiE R LR &EHEE R h a8 R B RETHE3%
Y,0,.3% Eu,0, 3% La,0, #2 3% Ce0, , £ 1 673 K % 3 h 5 #/F4545 K &b & A4, AR E E b
2.02 g/em’ 5 A EALAH 2.04.2.02.2. 13 #22. 07 g/cm’ ,La, 0, 575 5BAL G B 25 AR BB L R T 24 3
A XBTHBROHLEAND B EREIR T HLEBFRAEREY #, X —F HadEmik T AIL60H
B ARt T R dh B eGR4 . REMA LAY H L R ESTIRER L EE RS e RER

RIHBRAEEZF LT, FBERIENLFWRTHHRER,

[ &k ]
[ hE425%5]  TFS21; X758 [ SCHkAR RS ]
DOI:10. 19612/j. enki. enl1-5066/tf. 2025. 05. 014

0 55
SRR T R R R A AR T SRR

[ Wik H 1] 2025-04-20

[%—EH] EHWUF(1983—), 5, Nl A, i1, IFoT o1, 1%
O [ A 1 0 U UG AR O TET B9

[EAE1ER ] TR (1989—) 3 1+, B BRWFS G, 32 2 A [ A 1
gt AL R FH 7 T RIRSE

[EGIE ] [ A SRR 54 V8 B30 (52004113) 5 VU6 25 R
B B K 3 4r (2022YCXZD2001 ) ;5 ¥T 75 45 Bk 2% Be 1§ + W H
(2025YYB02)

Bl BEAR R S W ERALY; La,0,;Y,0,; BALKEL; BUE ML,

) dh E #

[CHFE4] 1672-6103(2025)05-0128-09

19Tk 2 R, 2024 4F 4 & 45 K i 7 5 aF 500
Tt BRI R R A, KA 7
B TEIR TR 1 R BRSO A b A
() AIN ZEHEAE AR rp 32 B R K R B =<, $h 28
G i W - SR BRAk 5 50 B PR T 28 i A SOk T
AFRIFTRE S A FAME LR EHEY, 0 F850=
WA AR A I R PRI, R K TS e R B 4
BCH—> 32 g H £ S, R E R A
IR 22, i il BT AR T 1 R MO 1 B 2 T
PIAIE AR B A8 T 0 1% T SR R0 i o 57 5 A BR
PRI T B EAS Tl B &, 84T FR A R A B



2025 4F 10 A4 5 i

F AU FUKE P REE T L A hesi i A AR O MR EE R - 129 -

TECKE R R B A 2 BRI A A
AR (BB TE A DA T o A R B BR A T
B AL E AR . A0 K 2 Rk R M 4R
B4 R IR L RTE 30% ~ 60% 18], SR, AT
VYRR IR AR A YA C I A 2
UEAh  FERIH IR b H A S 4 M Rt R v, i
IR AR 28 20, S Bobe sl B AR A i 1L
KA S50% ) FIREORIR) 2, FEAFE—IK
BRTR \—URAS K A I R AR B0 A0 T A e R AR o
T ST ) o A BE R AR A R RN LA A
P OT OISR A A
B RARAR BRI, AT DL AR AR R A4
Al R s QBRI T 2% A (AE 48 Ak Sio,,
& JBEAY CaO Fe,0, . TiO,) B A 8 H HAE, b
4lifH AL O, MgO Z [a] 4k 2 2 1 A iR A i H ER
REAG ; BRIk rf (47 MgAL O, , IT LURE R best &
KRN AT A AR A A U W TE AL RE . R,
BROD RS T LAAE SRt il 8 BE AR AR fi A A RH I JRURL

i 1 S BEAS IR HEEE RN AR Sl A0 AR e 4 L
ALK & B KR, I BRI & AN [ Fp 25 1)
Fiis 1 AL A HEL R OF AR 52 e, Y,0, fAEfEiR
FrorHral AL O, Al MO il 5 i 42 St A BT 3 i,
JEPE Y2 B AR T MgALO, il AP | 33— B AR AE
FAARZE T &S (035 20, DA 36 5 T RO} G B
PN 2R L AR TR A S N 2 S R
SR L RERREIL G, BN Ca,Eu, (SiO,) 40, ,
Ca,Eug (Si0, )¢ O, , AT i 15 B4 L i WL 2H 21 % 5 5%
B ASE A R AT LR R Si0, — AL O, A4k
TERRPGE I 25T B9 W7 RE 1, WF 9% & B 1 44k
PR I AT AR Bl R 2 P &S RS
FE R R s AR T AR il A R S AR
W, AT RCE L R RR TR, 1873 KA 2 h
#1511 2 A T K FRE, CeO, FT La,0, 38 Ak 44 kLGS
g BT S R B RS AL R 4y )k #3035
g/em’ 1 2% A6 A7 B4 T A5 A5 B b 3R TH St it
PR B 4%0 A A0 W , BEAZ 3 $2 TH A R iR /K 1ok
,I. ﬁlé[m—lﬂo

AT FE BRI AL Gt KR 2 A B SR I
FEJURH P B 2255 Ak, SR Ak be 2 i BE 4D
ITATRERE R A - E AL KR gk kR BE
(R RZ AL , O I A AR - b Y e s fb be 4h i A v
ROURAILTR , & 7 A 45 UK T 1) T 35 A0 R s (B Ak A

PRt

1 SEEERA
1.1 SE##t

S BT A IS B A VPG S AR AR AR B
TR DT B R TS T 4> 2 RAE 200 wm
KA R BIRERE R SRR E
B R R AR B [ e He Al 23,67 %
F123.58% , £ JKH#E XRD S0 LA 1, 8 ki vb &=
ZLIT N ALLALO; MgAL O, & AIN, [} &4 ZnS |
Si0, Hl CaO Z5ERL4T .

F1 BKELFRY (TR E)
Table 1 Chemical composition of aluminumash

('mass percent) %

W4y Al ALO; MgO SiO, CaO Fe,O; Na,O TiO,
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Fig.1 XRD pattern of aluminum ash

1.2 XWHE

WREALA 2R MgO + AL, O, =MgAl 0, , &5
S 28 BE R AR A WA RN T A S AR BE AN AR AR A
PSRRI R MO R L Eb, FMNIRIB 2% 4 Fhfds
+HEAMAY (REO) : Y,0,(Y) \Eu,0,(E) La,0, (L)
il CeO, (C) BN 3% ic A Y3 (HA =M+
AAPARICIRL) . FLhFE TR 10 g 2R RR AL
AR HITIR G VRS 15 min JFHEURKIA, ¥
TRRGEE TR 3% S 205 BEVEs WL, e Vs JITORS 245 790 1)
A RL W B B AL, #E 25 MPa JE T il
10 min, 33 42 25. 4 mm .5 50 mm (9 [E AR A2 R
A R Ja W R 1 A A B T 378 KO HLAR T AR
2 h, FHRoE UG B B AR R A kL, 2 05 T ke
ghprn R PR b S L 5 ORI [RIHEA T S, 1F



. 130 - b EH K & & 4 Z&F ASHR

B (BERRR i1 MgAL O, (MA) ) Biik [ 2812 HS
B BRI 23 A . SE e B LA 2,
Hh DX 3k

SR
i’ —

Halhesih
il

O O T i

JAN AN
2 TRREANE
Fig.2 Schematic diagram of the experimental setup
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Table 2 EDS analysis in the micro-area of element contents( mass percent ) %
X 0 Mg Al Si Ca La Y Eu 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

friv S a=b=c¢/(102 pm) v/ (106 pm®)
Y3 8.079 18 527.35
E3 8.0824 527.98
13 8.068 75 525. 31
c3 8.063 75 524,34
N 8.073 28 526.2
bRt 8.083 1 528.12
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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 Guogqing”, 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% la,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/c¢m 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,O; 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 Ce0O,) 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



