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Table 1 Composition of red mud from Bayer process (%, o)
A|203 Si02 Fe,03 CaO TiOz Na,O LO|1) A|203/Si02
2676 1709 752 253 493 832 14.08 1.57
Note: 1) Loss of ignition.
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Fig.1 XRD pattern of original red mud from Bayer process
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Fig.2 Schematic diagram of experimental apparatus
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Fig.3 Effect of digestion temperature on recovery rate of
Al,O3 (775) and mass ratio of Al,O3 to SiO, (A/S)
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Fig.4 XRD patterns of red mud samples obtained
at different digestion temperatures
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(a) Original red mud
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Fig.5 SEM photos of original red mud and brown mud obtained at different digestion temperatures
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Fig.6 Effect of mass ratio of alkali to red mud
on recovery rate of Al,O3; and A/S
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Fig.7 XRD patterns of brown mud at different
mass ratios of alkali to red mud
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Table 2  Effect of CaO addition on the composition
of brown mud (%, @)

. . Recovery rate

CaO A|203 SiO, CaO FEQOa TiO, A/S OfA'zOg (%)
0 8.19 2110 27.07 863 658 0.39 79.22
10 834 20.34 36.89 745 553 041 74.88
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Fig.8 XRD patterns of brown mud obtained with
and without CaO addition

3.4 HIESH

SIMTE L Aran, %) FEEREARe R ARSI
Y A1 2 AIOOH, Nag(AlgSisOz4)(OH)204(H20)266 FH
CazAlFe(SiO)(OH)s. “EAIT7E S MR T W AR 1k 55 36
AR SRS . WA SO EA k. TR EhvE
I H R AlLOs I LT, AIOOH (¥ P
K, HTFE 180°C A ol LAog A i S, i b B 11
Nag(AlgSicO24)(OH)2.04(H20)2.66 11 CasAlFe(SiO4)(OH)g
B 230 °C U EARAEAILAS, A A E BB S B AR D (1)
NaCaHSiO, Fil Cas(Feg g7Aly 13)2(Si04)1 65(OH)s 4.

1 A 52 56 B 45 A XRD K 23 #fr AT %1, AIOOH,
Nag(AlgSic024)(OH)2.04(H20)2.66 11 CasAlFe(SiO4)(OH)g 7E
MK SR AR R TP AFAE R B SO

— KA S SR AR SR

AIOOH(5)+NaOH(|):NaAIOZ(|)+HZO(|). (2)

WM K R R, CasAlFe(SiOg)(OH)g Al
Nag(AlgSisO24)(OH)2.04(H20) 266 NS TE » A AELLT 73l

Ca3A| Fe(Si04)(0H)g(s)+NaOH(|)=3caO'Si02(S)+
NaA|02(|)+O.5F6203(s)+4.5Hzo(|), (3)

Nag(AlsSisO24)(OH)2.04(H20)2.65(5+18Ca(OH) 5=
6NaAI02(|)+2NaOH+6(SCaO~SiOZ)(s)+20.68H20(|). (4)

FENV A 36 S N 4 AF R S RERRAN A POR 87% 5
B B R AR LA IR AR e A AR E B A
W, BTl RS R

2(3Ca0-Si0,)+2NaOHy+4H;0=
2NaCaHSi0,+4Ca(OH)y ), (5)

1.65(3Ca0-Si0y)5+0.26NaAlOy)+0.87Fe,05)+
4.78H,0(=Caz(Feo.7Alp.13)2(Si04)1.65(0H)s 45+
0.26NaOH(|)+1.9SCa(OH)2(S). (6)

IS 8% (5) /= PG Tk R BB i BV P ABRLE 43
A EETRES AL NaOH, NaOH  HE A B T ] A 3 [m] i
Na,O i H ).

4 & %

MWIEWFFE NaOH MEJ R b FEFE /R AR e il R
BRRERIAT R, BEE TR BE HL AN CaO 45222
DR 26 R R AR IR TR TR AL O3 FSE IR, 75 40 25t
45

(1) NaOH W EEILFOR R R TE T AlLOs I
FEr, FERRVELL 6. VA HIELRE 230°C . WTH] 2 h (R4 A1
T, ALO; RIS AT ik 79.22%, £ 5RJRHI AIS ] BE
039, £ Jr i 1 it £ % L NaCaHSiO, #1
Cas(Feo.57Al0.13)2(Si04)1.65(0H)s 4 TE XUAFAE.

(2) TEWIURFE/RIEARTet CaO/SiO>1.2 &L T,
ARELYNIN CaO AfEdE iy Al Os [,

(3) HI NaOH b4 £ 32 [l i FFH-v3: 758 1 1 ALOs,
HETT AR T ) NagO Jis 28T il IR AL KSR gt
S BRI, W FEEEIRJe R G R Pt 17— 4%
AL,

SE

[1] BeResc. AR T8 [M]. SLBH: b2 Dok H kA, 2004, 32.

[2] SilgE, AL, sKEE SR PRI E AR R [0]. BT
ZE4rFIH, 2008, 2(1): 28-30.

[38] Fr&th. SR By M) L. BHERRAROR HARAL,
1962. 40-49.

[4] Vachon P, Tyagl R D, Auclalr J C, et al. Chemical and Biological
Leaching of Aluminum from Red Mud [J]. Environ. Sci. Technol.,
1994, 28(1): 26-30.

[5] Atasoy A. The Comparison of the Bayer Process Wastes on the Base
of Chemical and Physical Properties [J]. J. Therm. Anal. Calorim.,

2007, 90(1): 153-158.
[6] Mahata T, Sharma B P, Nair S R. Formation of Aluminum



1152 U= I

8

Titanate—Mullite Composite from Bauxite Red Mud [J]. Metall.
Mater. Trans., 2000, 31: 551-553.

[71 FTZRE2, K. FFORVEIRVE K AL B B HE AR (R 30 22 3 8 (3],
b TR 4:, 1994, 15(4): 341-347.

[8] Brunori C, Cremisini C, Massanisso P, et al. Reuse of a Treated Red
Mud Bauxite Waste: Studies on Environmental Compatibility [J]. J.
Hazard. Mater., 2005, 117(1): 55-63.

[9] Cengeloglu Y, Kir E, Ersoz M. Recovery and Concentration of Al(l11),
Fe(I11), Ti(1V) and Na(l) from Red Mud [J]. J. Colloid Interface Sci.,
2001, 244(2): 342-346.

[10] E rs. ARFRe AHERUOER 0] 48, 1997, (3): 17-20.

[11] Hrishikesan, Kizhakke G. Process for Recovering Soda and Alumina
Values from Red Mud [P]. US Pat.: 4045537, 1977-08-30.

[12] Cresswell P J, Milne D J. A Hydrothermal Process for Recovery of
Soda and Alumina from Red Mud [J]. Light Metals, 1982, 227-238.

e FE TAEEFUT, 2003. 12.

[14] Sildte. SR bl 3k i b 3 b (G A A48 LA T L 2N T 3
WiF5T [D]. Abat: hERM B R TR, 2007. 6.

[15] T/b0F, XBisAL, JREk. Tk shve i — KA A AR L i RE v
FRRIAEREAT A [J]. DR TRE2AIR, 2007, 7(5): 967-972.

[16] JUAMAE. w9 A T oAk Ab B — /K B 48 A B 0T L2 i SE R AIF 9
[D]. dbxt: EFBEBA TR 45T, 1999. 8.

[17] XIFERS, xRS, 2o/t KA AR BT [J]. &
)8, 1999, (12): 12-14.

[18] &=/, XIH:AE, G2, AR A PR 0],
HRALK2E2E4], 2002, 23(3): 251-254.

[19] XUEERE, d 2%, 2R/, BRI KA RS M B LA 9]
H t4:)m, 2004, 56(3): 57-59.

[20] A-M-RHJBHR. FABME S T 2% [M]. XI30)E, #. dbat:
P E Tl AR AL, 1964, 142-150.

[13] RARK. WERE AL SRR EEREERT AL [D]. dbat: TR

Behavior of Al and Si in Bayer Red Mud Processed by NaOH Sub-molten Salt

SUN Wang'?, ZHENG Shi-li*, ZHANG Yi-fei’, XU Hong-bin®, ZHANG Yit

(1. Key Lab. Green Process Eng., Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the problem of higher Al,O4/SiO, (A/S) of Bayer red mud, the separation of Al and Si in red mud from Bayer
process in digestion with NaOH sub-molten salt was investigated. The effects of digestion temperature, mass ratio of alkali to red mud
from Bayer process and CaO addition on the behavior of red mud in the salt were experimentally investigated. The results show that high
temperature and mass ratio of alkali to red mud lead to more alumina into the aqueous phase and the decrease of A/S in brown mud. The
recovery rate of Al,O3 can reach 79.22% and A/S in the brown mud is decreased to 0.39 under the conditions of mass ratio of alkali to
red mud at 6, digestion temperature at 230 'C, and digestion time for 2 h. Further study shows that Si exists in the form of NaCaHSiO,
and Caz(Alg.13F€087)2(Si04)1.65(0OH)s 4. The recovery rate can not be further raised under the condition of CaO addition in sub-molten salt
process when the molar ratio of CaO to SiO, over 1.2 in the original red mud.

Key words: sub-molten salt; Bayer process; red mud; alumina; aluminium; silicon



