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Table 1  Chemical composition of secondary aluminum
dross (mass fraction, %)
@) Al Na Cl Si
42.539 39.407 4.597 4.208 2.424
Mg F Ca Other
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Fig.1 XRD pattern of secondary aluminum dross

Si0,. CaF,. Al#INaAl,0,,%.
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AR A ).
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Fig. 2 TG-DTG curves of secondary aluminum dross and

ammonium sulfate mixture
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Fig. 3 Standard infrared spectra of NH,, H,0, SO,, NO in

NIST spectral library gaseous

SO,(NIST 7446-09-5)
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Fig. 4 Infrared spectra of gases evolved at different
roasting temperatures: (a) 150-375 C; (b) 400-550 C;
(c) 575-850 C
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Fig. 5 XRD patterns of roasted clinker obtained at different roasting temperatures: (a) 200-400 ‘C; (b) 450-800 C
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M H—77H, &BE5EHMEET YIRS
B, TEARIR TRV SR KRB o, 4
A R TE R e ok B R R KRR SR AR A, T AL
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1) 200~300 C

(NH,),80,—NH,HSO,+NH, (1)
2) 300~450 C
2NH,HSO,=2NH,+280,+2H,0+0, @)

4(NH,),SO,+A1,0,=2NH,AI(SO,),+6NH,+3H,0 (3)
4NH,HSO,+A1,0,=2NH,AI(SO,),"2NH,+3H,0 (4)

AIN+3H,0=AI(OH),+NH, 5)
2A1+6H,0=2Al1(OH),+3H, (6)
Al(OH),+2NH,HSO,—=NH,Al(SO,),*NH,+3H,0 (7)
2Na,AlF +6NH,HSO,—
3Na,SO,+AlL(SO,)+6NH,+12HF (8)

CaF,+(NH,),80,—~CaSO,+2NH,+2HF ©)
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Fig. 6 SEM images of roasted clinker obtained at different roasting temperatures: (a) 250 ‘C; (b) 350 'C; (¢) 400 C;
(d) 450 °C; (e)500 C; () 600 C; (g) 700 C; (h) 800 C
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Al (a) Element w/% x/% Y § (b) Element w/% x/%
(0] 2391 37.21 N 10.83 14.64
Na 639 692 O 5333 63.07
Mg 132 135 Na 1.09 0.89
Al 30.75 28.38 Al Mg 1.58 123
Si 145 1.28 Al 533 373
S 794 6.17 S 27.85 16.44
Cl 17.29 12.15
K 8.63 5.50
Fe 233 104 M
N
Fe Fe \
6 8 10 2 4 6 8 10
Energy/keV Energy/keV
O S
(C) Element w/% x/% 0 (d) Element w/% x/%
N 830 11.12 N 550 796
0 58.59 68.70 o 50.04 63.38
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Al 531 3.69 Al 339 255
Al S 2681 15.69 S 3947 2495
K 0.68 0.35
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0 2 4 6 8 10 2 4 6 8 10
Energy/keV Energy/keV
¢ S O |AI]S
Al (©) Element w% /% ) Fioment W% 7%
N 132 1.8 O 6477 7730
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Na 171 149 Mg 050 039
Mg 067 055 Al 13.03 922
Al 1026 7.60 S 2099 12.50
S 29.66 18.49
K 0.59 0.30
Na [Na
N
\ K
0 2 4 6 8 10 2 4 6 8 10
Energy/keV Energy/keV
o Jails O AL
(&) “Element w/% x/% Element w/%  x/%
(0) 48.33 63.21 (0) 51.34 64.07
Na 1.11  1.01 Na 1.61 1.40
Mg 125 1.07 Mg 222 183
Al 20.57 15.95 Al 40.85 30.23
S 28.74 18.75 S 398 248
M . S
D
S‘W-U i L\)\A‘/M“/\_
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Fig. 7 EDS spectra of roasted clinker obtained at different roasting temperatures: (a) 250 C; (b) 350 ‘C; (c) 400 C;

(d) 450 C; () 500 °C; (f) 600 C

; (2) 700 C; (h) 800 C
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3) 450~600 C
3(NH,),S0,+ALO,=AL(SO,),+6NH,+3H,0  (10)
3NH,HSO,+A1,0,=AL,(SO,);+3NH,+3H,0 (11)
4NH,AI(SO,),=2AL,(SO,),+4NH,+2H,0+2S0,+0,

(12)

4) 600~900 C
2A1,(SO,);=2AL,0,+6S0,+30, (13)

TR ERIR IR GRS R RN E R, A
B AR IR R R A A S R R B 1 RN B B
BB 23 E B o0 R I IROBE, 85 SO IR S FEEAS
A, HAER—RZH B oA 2RSS AT
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(NH,),S0, 5 ALO, 7F 400 C /& 47 [ b, X5 XRD
I 285 AR — B (LI 5()),  RAIFE B T 5 R B 1)
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NH,AI(SO,), 7E il & B AR A HE 73 fif, 5 XRD Al
S8R — BB 5(b))s 4 R BL FE & T 210 CHY,
N (8) [ AG9<<0, Na,AlF, A] 43 fi# 7= 4= Na,SO, Fl
AL(SO,),, [Fl B Bl HF; 24 &= M FE & T
340 ‘CHF, M(9) ) AG2<0, CaF, f] 5 fift 4= i
CaSO,, [A]iFFEH NH, F1 HF . M S(2)s (8)s
OIS ZE D WRE, —IRER K &AL 16 3 it
A e A& TG-DTG 28 55 = B 7= A 1) £ B[R] o
JSE(13) s A i R RE U 5 35 R K 31 800 C R A
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Fig. 8 Thermodynamic calculation results of reactions

(H-(13)

WRGAE, B AL(SO,), 7 22 H ALO, it i il B 45
H. 454 XRD. SEM AN 2200 #1, % b TG-
DTG i 4, e 2 8 Horb SR (1) %8 B2 26 — v B
SNL(8) (9)%F M5 =B B, ONE(2)~(7) %] 32 2 DY
BrBe, SOSL(10)~(12)%F B2 58 TLB B, OB (13)%F

FEAME.
3 g

1) PR AR T 300 CHE,  —RERIK 5 B R 4t
REAR G N W E T2 350 CH, —ixdn
TR S5 R B N A B NHLAL(SO,),» 11 J5 (NH,,),SO,
SHEAUNH,HSO,; IR EIAF] 450 CHF, —IREK
S B, Bk B o il oe 4. Bt
Hb, FE300~450 CZla], FHXFE EHE S R YAH
(Al. AIN. Na,AlF fINaAl, 0,,)i%#i 5 N AE it B
PR IR #h s K5 el B2 ik 3 600 “C I, NH,AL(SO,),
IR L AL(SO,),s TEEIAE] 700 CHE, Al(SO,),
UG R A 8 ALO, o

2) A [ R Jo i FBE DX To) A 7= ) I A A
N AL . iR BEAE 200~300 C Y, SAEPEAN
(NH,),SO, 7 fift 7= 4 I NH,; I 7F 300~450 CHY,
SARFEYIR(NH,),SO, R H A =5 ALO, R B AE
BINH, H,0, Na,AlF, J CaF, 4 fift 7= 2E [ NH,
HF, NH,HSO,% fi#r=4: SO,» NH;w H,0; HETE
450~600 ‘CHY, S ARF=4)9(NH,),S0, K 3 4 fift 7=
Y15 ALO, [ M A K AL(SO,), I 77 4 [ NH,. H,0,
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NH,AI(SO,), 7 fi#t 7= 4 ¥ SO,« NH,. H,0; i&JELE 63-67.

600~900 C HTJ', /_:Vﬁgﬁ#@j\j Ab(soa}ﬁ\ﬁgﬁﬁzﬁg [91 MRL%, JFEAFHL, B, 2. WIinA3S s KA 4

SO TSR PEBE R B (0], TERR £h3@ 3R, 2020, 39(2):
? 520-526, 574.

3) EARAL IR AR KR BR B 5 e — 1R HARER T2

Z At mE, BT AE 300~500 °C X 7] HE 4T K% e i FE AR
b, A RAR IR R ) & R AR S A R T RERR AR

R, ARTEEEE BB SR
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Process mechanism of aluminum extraction from
secondary aluminum dross by roasting with ammonium sulfate

LEI Bing-hong"** LIU Hong-hui'-2, ZHANG Hong-ling"**, ZHANG Di"?,
DONG Yu-ming"?, LOU Tai-ping*, XU Hong-bin"*?

(1. CAS Key Laboratory of Green Process and Engineering, Institute of Process Engineering,
Chinese Academy of Sciences, Beijing 100190, China;
2. National Engineering Research Center of Green Recycling for Strategic Metal Resources,
Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China;
4. School of Metallurgy, Northeastern University, Shenyang 110000, China)

Abstract: The secondary aluminum dross is one of Al-bearing hazardous wastes produced in the electrolytic
aluminum industry. Due to the complex chemical composition of secondary aluminum dross, its aluminum
resources have not been effectively utilized. The aluminum resources of secondary aluminum dross can be
efficiently recovered by roasting with ammonium sulfate to form ammonium aluminum sulfate, which can easily
dissolve into the water. In this paper, the process mechanism of aluminum extraction from secondary aluminum
dross through roasting with ammonium sulfate was investigated by thermogravimetric-infrared spectroscopy,
XRD, SEM and HSC. The results show that Al,O,, AIN, Na,AlF, Al and NaAl,,O,, are the main Al-containing
phases in secondary aluminum dross. The thermal decomposition process of secondary aluminum dross and
ammonium sulfate mixture can be divided into six stages. In the stage of 30—-215 “C, physical water gradually
volatilizes. In the stage of 215-300 ‘C, (NH,),SO, is decomposed into NH,HSO, and NH,. In the stage of 300~
337 'C, NH,HSO, decomposes and produces SO,, NH,, and H,O. In the stage of 337-437 C, Al O, reacts with
(NH,),SO, to produce NH,Al(SO,),, NH;, and H,O. Besides, Al-containing phases (Al, AIN and NaAl,,O,,) and
fluorides (Na,AlF,, CaF,)) reacts with (NH,),SO, to form corresponding sulfates. In the stage of 437-556 C,
NH,AI(SO,), is decomposed into Al,(SO,);, SO,, NH,, and H,0. In the stage of 556 -900 C, AL,(SO,), is
decomposed into AL,O, and SO,. Therefore, the optimum temperature range of the process is from 300 C to
500 C.

Key words: secondary aluminum dross; aluminum resources; ammonium sulfate roasting; process mechanism
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