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Study on Recovery and Utilization of Multiple Elements
in Aluminum Electrolyte by Calcified Roasting

LIU Feng-qin, LI Ai-jie, LI Rong-bin, YANG Xin, WU Ze-gang

(School of Metallurgy and Ecological Engineering, University of Science and Technology Beijing,Beijing 100083, China)

Abstract: Recovery and utilization of multiple elements in aluminum electrolyte of extra 0.6 million tons
produced in China every year was studied. Based on chemical analysis and mineral tests for aluminum
electrolyte,effect of available lime additions on calcified roasting reactions of aluminum electrolyte was
investigated and leaching and reaction products of calcified roasted products in caustic solution were
revealed. The results show that recovery of Al, Na, F in aluminum electrolyte is 93.35%, 90.21%, and
90. 53% , respectively by calcified roasting under the conditions of 40% — 50% of available lime and
following caustic leaching for roasted products. Multiple valuable elements in aluminum electrolyte such as
Na, Al,F and Ca can be recovered and resource utilized.

Key words: aluminum electrolyte;calcified roasting;recovery and utilization
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Fig. 2 XRD patterns of calcined products with different effective Cao contents
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Table 1 Main reaction process and its
standard Gibbs free energy change

e e

AG/(k] « mol™1)

1 2Na3 AlFs +3CaO= Al, O; +6NaF+3CaF, —53.43
2 3CaO+2AlF; = Al O3 +3CaF, —451. 46
3 12Ca0+7Al,05 =12Ca0 « 7AlL, O3 —308. 21
4 CaO+6Al, 05 =Ca0 « 6A1,0; —67.23
5 CaO+2Al, 05 =CaO « 2Al;04 —49.19
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Fig. 3 XRD patterns of leaching products with different effective CaO contents

2.3 BUENFERMEXTEE R EUE R m

TEHEAT E AL B A i AR v, B e Ok
) R R 5 25 55 U i A T I 5 A R TR A A R YA
L R A Ca(OHD, 5B F 8 1)
A B CaF, PUIE

12Ca0O « 7AL O, + 14NaOH + 33H,0 =
14NaAl(OH), +12Ca(OH), (6)
Ca(OH),+2NaF=CaF,+2NaOH D)
CaO « 6AL, 0, +12NaOH+19H, 0=
12NaAl(OH), +Ca(OH), €))
CaO » 2AL 0O, +12NaOH+7H,0=
4NaAl(OH), +Ca(OH), €))

TEIR B 90 °C .BF[E 90 min . NaOH ¥ BF 5% Wk
L 10+ 1A 258 T U 0 A A8 4R A0 80 S o 4 X 46
BRI s 1B 4 s . BB 4 AT B A
ARG in A S BB R A Y TR S T R
filK. BZEH T ERSAG YT, 12Ca0 « 7TAL O, 756
WIS IR MR I T CaO « 2AL 0, , i CaO « 2A1,0,
PV R PERE LAE T CaO » 6ALO,M . 12Ca0 « 7AL O,
FH 25 HE R 4 K RS 19 98 -7 20 i 12Ca0 « 7AL O,
[ O FlCa™" Z A 23 [ #E 2 54 0. 60 nm, 1] O
Ca’ [2E R MM HA 0.24 nm, ffRIE R EHR N

0. 1 non 50 FL AR 554 . 5 2 A 1 L o e AL 3
STETU R YRR o B VT M
AL TR 12Ca0 « TALOS 9 ALO, B,

100 100
—m— Al
—O—Na
951
[ |
™ 495
90}
% i
X 8¢ o Ho0 &
[= =
= E]
= Z
801
o 485
75+
70 1 1 1 1 L L 30
10 20 30 40 50 60 70 80
H R CaOB NN /%

B4 BARAUBFIMEXS
S0 5 101 457 22 B $5 0iE
Fig. 4 Effects of effective CaO addition

on recovery of Al and Na

ARSI E 60 20 L 1B B e okl
Hh Z2 AR B9 CaO 2 00 1) 50 R 4% 7 B P B0 1 S
T 2P B I8 30 I 5 > 200 S A 45 70 o 4t A



2021 4F55 2 1

A4 g GEHER ) (http://ysyl. bgrimm. cn)

o« 7] o

30 %0 LA B o G b Rk e 1) 5 TR 5 0 A Ry TR 1k 25
9 ZORR R S L 7S AR R A s X A A3 A AL B U N i AE
40 % ~50 26 5 o K5 58 OB T I8 45 R 45 1 43 o B T
AE R AP -C AR IR T 45 . SR 4 e A T b S BN
J T Ik E B . 4 B 93035040, 90,210,
90.53%,

3 L’

1) 38 2o T 5 F i T 40 Ak e 22 50 R IRDICR) FH Y
WEGE BB A 0 T 5 A R bR B A — R TR B R
B i O LSRR Y O 3 S O R ik BT 2R SRS IR
TIPSR ATIY

2) A5 A4SRG5S R AR IO S 1k R A%
ZIUE MR ) B2 R . A S S
HEAE 3006 LT IS 5 58 7= v 40 1 A5 0 AH O 5 1
RE2 () CaO « 2A1,0,,Ca0 « 6A1L,0,, AR A
ST Ry 40 26 ~50 VoIt o K5 be 7= 1 b AR R 45 R 1 Hh
PEBE BT Y 12Ca0 « 7TAL O, , £ &% E AL 85 7S hn 4
TE 60 % DL LB, K be = 9 £ E 2 12Ca0 » TALO,
MZ A0 CaO, MU HL A BT 45 A 5 58 10 & 3 2510
ARG A I 40 % ~50%

DHEREACEE G N 40 ~50% & N
fiff JoT 22 5 Ak B 5% L SR JE AE T IR BE 90 °C LI B[R]
90 min NaOH ¥ & 5% W&t 10 = 1 B9 544 F =
WAy B R BB TR [l iR 4y i T 3k 93,3504,
90.21%.90.53%.

(1] B LR H R AR A = T RemHE R R T ] A &
4 )8 .2019(8) :28-31.
ZHAO Z Y. Exploring the technology of energy saving

electrolytic aluminum
production[ J ]. World Nonferrous Metals, 2019 (8):
28-31.

(2] Z=ifg 0. v fif DA 25 AR UK O A0 7 48 L R A e e o 3 b
1 FHE AR FELD]. TR AR JL R, 2011,
LI H F. Research on the application technology of

and emission reduction in

electrolyte powder instead of cryolite in the firing start-
up of aluminum reduction cell D]. Shenyang : Northeastern
University,2011.

(3] Ealff, mhgR48, bhor F . 5. MR 40 R i $2 40 T2
Fe0J]. MEfL T ,2020,37(1) . 36-39.
WANG ] P, YE J] W, LIN L F, et al. Research on
lithium extraction process from electrolytic aluminum

waste residue [ J ]. Henan Chemical Industry, 2020,

(4]

(6]

[7]

(8]

[9]

(10]

37(1) :36-39.

E IR, B SCAE L A% P . — ok R A8 H R B C T AR
WEUR Ak b 17 3% : CN108677020A[PJ. 2018-10-19.
WANG Z W, TAO W J,YANG Y J. A method for the
harmless and resource utilization of waste aluminum
electrolyte; CN108677020A[P]. 2018-10-19.

WANG W, CHEN W J, LI Y Z, et al. Study on
preparation of lithium carbonate from lithium-rich
electrolyte[ M J//CHESONIS C. Light Metals 2019,
The & Materials Series, 2019
923-9217.

B, o R B IE R, 2. CaO- Al Oy JE 75 45 785 4 50 14
Pt PR RE TR R ). A B 88 QR FR 43 . 2018(9)
67-73.

YANG F, ZENG Y J, Bl Y X, etal. Study on
physicochemical properties of CaO-Al; O; basis slag for

Minerals, Metals

high aluminum and manganese steel mold powder[ J].
Nonferrous Metals (Extractive Metallurgy), 2018 (9)
67-73.

o FE Y, B P BE W IR bR A AR A K e A 1k A FE R A
KR A AR [T] A BSm QR HEH ),
2020(9) :64-68.

YANG Z M,LV Z Y.PAN X L, et al. Extraction of
alumina from desiliconized fly ash by low-calcium lime
sinter process [ J ]. Nonferrous Metals ( Extractive
Metallurgy) ,2020(9) ; 64-68.

EAG VLI AT T A5 S R KBS AT AR B AL AT S B
FELI ] A g m GRS - 2020(3) - 85-90.
WANG Y, JIANG Y, JIANG C N, etal

transformation behavior of calcium-bearing minerals in

Phase

high-alumina fly ash[J]. Nonferrous Metals( Extractive
Metallurgy) ,2020(3) :85-90.

FE R TR 2K BR R 2. AR RS A AR b 4R BUE
AR A 5 LT ], &7 7= PR 4 5 R . 2020, 40(3)
34-39.

HUAN S X, WANG Y W,DI Y Z,et al. Experimental
alumina from secondary

study on extraction of

aluminum ash calcination [ J ]. Mineral Resources
Protection and Utilization,2020,40(3) :34-39.

R TR X ZRE AL SRR A R RS S RS
FEAZ MBI A 4 % 4. 2019, 29 (8D
1740-1748.

ZHANG D, GU L, LIU E K, et al. High-temperature
sintering non-steady state sodium-containing calcium
aluminate phase transformation mechanism [ J]. The
Chinese Journal of Nonferrous Metals, 2019, 29 (8):

1740-1748.

(T#%E 122 ;W)



122 -

A 04w GRIEER /) (http://ysyl. bgrimm. cn)

2021 4F55 2 1

[16]

France: ¢ Furnaces’ and slags from La Capitelle du
Broum ( Peret, France) [ J]. The Journal of the
Historical Metallurgy Society,2013(1) :60-74.

DILLIS S, HAM-MEERT A L, LEEMING P, et al.
Antimony as a raw material in ancient metal and glass
making: Provenancing Georgian LBA metallic Sb by
isotope analysis[ ] ]. Science & Technology of Archaeological

[17]

Research,2019(11) :1-15.

FALME NN A B ARR L A5 BOR BT BT RS ) 4 B
B i s X LT ]. [ 2 B EAF . 2011(2) 1 40-44,

WU L B,LIU B Q, YU ] R, et al. Potential analysis
and prospecting zones of the antimony resource in
Anhui province[ J]. Land and Resources Information,

2011(2) :40-44.

(E#%E 71 ;)

[11]

USR] e o G N 1= B i L R L B
TR A R TR R T A e LT ). AR 4 Je L 2007 (11D
17-19.

SUN H L,TU G F,BI S W, et al. Synthesis of seven-
aluminum twelve calcium and its dissolution performance in
Light

high-carbon sodium aluminate solution [ J ].

Metals,2007(11):17-19.

[12] TODA Y,MIYAKAWA M, HAYASHI K, et al. Thin film

[13]

fabrication of nano-porous 12CaQ ¢ 7Al; O; crystal and its

conversion into transparent conductive films by light
illumination[J ]. Thin Solid Films,2003,445(2) :309-312.

CHATTERJEE A.NISHIOKA M, MIZUKAMI F. A
periodic first principle study to design microporous
12MO. 7ALO;
radicals encaging[ J ]. Chemical Physics Letters, 2004,

390(4/5/6) :335-339.

crystal for selective and active O



	有色金属冶炼2021-02目录.pdf
	有色金属（冶炼）2021-02正文.pdf
	有色金属（冶练）2021-02广告.pdf

