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Abstract: The process of treating spent dry barrier from aluminum electrolysis with alkali and
acid is proposed. Spent dry barrier sample from an aluminum company was taken as the raw
material, and its main phases are NaF, NaAlSiO,, CaF,, a-Al,O;, Na;AlF,, Si and p-AlO:;.
Firstly, the NaF with mass fraction of 98. 84% is obtained by water leaching separation of the raw
materials. Secondly, the optimal process condition for alkali leaching treatment of water leaching
residue were obtained by single factor method as follows: temperature of 90 °C, liquid-solid ratio
of 5 cm’/g, alkali-slag mass ratio of 0.25, and reaction time of 100 min, and under this
condition, the leaching rate of Na,AlF, was 94. 04%. After that, the optimal process conditions
for acid leaching treatment of alkali leaching residue were obtained by single factor method as
follows: temperature of 58 °C, reaction time of 45 min, acid concentration of 0. 6 mol/L, and liquid-
solid ratio of 12 cm’/g, and under this condition, NaAlISiO, and CaF, can be leached.
Subsequently, the alkali leaching solution was dropped into the acid leaching solution to remove
silicon in the acid leaching solution. It was found that when the pH was about 3, the precipitation
effect of silica sol in the acid leaching solution was the best, and the product obtained by heating
the silica sol which was obtained through filtering was mainly SiO,*0. 2A1,0,, with a mass
fraction of 97. 20%. The acid leaching solution after filtering to remove the silica sol was added to
the alkali leaching solution to precipitate and recover the fluoride salts, and it was found that when
the pH was 9, the recovery rates of CaF, and Na;AlF, were the highest, which were 95. 91% and
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92.44%, respectively, and the mass fractions were 48.41% and 25. 14%, respectively. In
addition, the precipitate contains 25. 32% (mass fraction) of AI(OH);.
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Table 1 Analytical instruments used in the experiment
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Table 2 Element content of spent dry barrier from aluminum electrolysis (mass fraction) %
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Fig.2 XRD pattern of soluble components in spent
dry barrier form aluminum electrolysis
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water leaching
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Table 3 Parameter settings for alkali and acid leaching experiments
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SRR VR ) AN A K B OH AT SE AR
JE ) TR HTEE A AL , 3 AT LA R I i HH %) SiF, AT OH
J2 A B Si02 FTHF, Si02 1E s ie vl L2 5 it
I e AL, e i B A= (15) , 20 (16) i

Si(OH),+OH—Si(OH),0+H,0,  (13)
nSi(OH),0+nSi(OH),—Si,,(OH),,.,0,,+nH,0;

(14)

SiF, ., *20H +H,0—Si0%, +4HF,  (15)

Si0%,FH—H,SiO;,,. (16)

HRAE e 4 P ) 250 45 21, M IR WY pH=3
i, A] L2 BR IR IR 98.06% FURETC R DK ki
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Table 4 Variation of precipitation rate of silicon element in acid leaching solution with pH

pH 2.02 2.29 2.44 2.58
72.33

SiTLIER/% 0 19.23 40.77

2.71 2.83 2.92 3.03 3.09
84.92 89. 65 95.41 98. 06 98. 11

0 1b 2'0 3'0 4'0 5'0 GIO 7'0 80
20/(°)
E15 BiRiRERLEEES W XRD Eig
Fig. 15 XRD pattern of product obtained after
solution gelation
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Fitk (ICP) X AR AT S50 HT , 25 SR N3 5 P .
S ZE SR KR ) EZE 4k Si0, Fl ALO,,
SiO, il ALO, ) 5 1 73 %431 K 80.76%, 16.54%,
25 RS M Si0,:0.2AL,0,, JF 43 50K 97.20%.
65 IR B 53 BT 4SS I A A, R B A T il A T
TR 1.60% [ BT RK .Si0,-0.2A1,0, A] LIVE N
SR PR LR BB R SR A A

E16 ERRHRPEERLTEDHERE
Fig. 16 Morphology of silicacoagulation precipitate
in acid leaching solution
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HEAT XRD F3 41, 5 R W 17 Fros WA IR 17 &
PUTHEYI A 32BN CaF,, AI(OH), Fl Na,AlF,.
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AlBIRE S8
Table 5 Mass fraction of Siand Alin silica coagulation

precipitation products in acid leaching
solution measured by EDS and ICP %

EDS
JCER ICP
R o e
Al 8. 44 9.06 8.76
Si 38.95 37.45 37.69
2 1—A1(OH),
2 2—CaF,
3—Na,AlF,

|
2I0 3I0 4I0 SIO GIO 7I0 8I0 9I0
20/(°)
El17 EZRBRERRHBEEMNEEREMESTEDN
XRD Eig

Fig. 17 XRD pattern of precipitate obtained by
adding alkali leaching solution to acid
leaching solution after silica sol removal
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I3 48.41%,25.32% F125.14%. R R T {1 46
ER SRR A IR AR pHIF T 2 9.
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AIFC—* M8 32 00 A B 080 0, B 12
AL(OH); Fl 7% 12 W i) HF 1 Na' 7638 B 1Y pH 2
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Fig. 18 Variation of fluoride salts (CaF,,Na,AlIF)
recovery rate with pH in precipitate
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Table 6 Solubility products of CaF,, Na,AlF, and
Al(OH), at 25 C*

ik WIERIK,,
CaF, 3.90x107'°
Na,AlF, 4.22x107™"°
Al(OH), 1.30x107*
4 4 ik

1) BaIR AL BRI 25 A SNz it B 90 °C L
J7 BF ] 100 min B ot it bE 0.25 W E L 5 em’/g,
Na,AlF, [ i KR H 350 94.04%.

2) PR i A BB S L A% A R il B 58 °C LS i
i 6] 45 min . B2 ¥ B 0.6 mol/L . ¥ [ 12 em’/g,
NaAlSiO,, CaF, #%i1 ¢ iz i .

3) TEHIR R IIR W AR, IR A
& pH 24928 3 B AT 3k 8 25 B O P A RE A L inve
VSHE 2 h AR A= 420 Si0,°0.2A1,0,.

4) FE IR R 2 B VA I B4 R IS I AT
W, RN AT BIUTE Y 2 IR ) B8
CaF,, Al (OH) , fl Na,AlF,. X4 pH=9 i , CaF,,
Na, AlF, 1Y [R5 85 8, 43 00K 95.91%, 92.44%,
U RS 35 118 T 0 003 30l R 48.41%,25.14%, 1L
TEY Il & T 44k 25.32% 19 ALI(OH) .
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