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Abstract: This study comprehensively investigates the synthesis of iron phosphate from Bayer red mud utilizing a sequential
process encompassing wetacid leaching and homogeneous precipitation, accompanied by a graded extraction strategy foriron (Fe),
aluminum (Al), and titanium (Ti). Initially, the red mud undergoes alkali roasting at 900 C for 90 minutes with a soda ash/red
mud ratio of 0.5: 1, followed by water quenching, achieving a leaching rate of 69.91% for the water—quenched product. Subse-
quently, an acid leaching step is performed on the water—quenched slag to enrich an aqueous solution with Fe, Al, and Ti. Under
the optimal process conditions of leaching time of 1.5 h, leaching temperature of 120 C, sulfuric acid concentration of 6.0 mol/L,
and solid—liquid ratio of 1: 6, leaching efficiencies of 90.43% (Fe), 69.48% (Al), and 95.63% (Ti) are achieved. Further, Ti
is selectively isolated via oxidation and hydrolysis at high temperatures, yielding a Ti recovery of 76.79% with minimal Fe loss
4.9%. Subsequently, sodium fluoride is employed to separate Al from the acid leachate in order to produce high—purity cryolite
(Na;AlF;), achieving an Al recovery rate of 98.45% under the conditions of F/Al molar ratio of 1:6, initial pH of 1.0, tempera-
ture of 25 C, and stirring for 1 hour. Finally, iron phosphate is synthesized via homogeneous precipitation under the optimal
conditions as Fe/P molar ratio of 1: 1.1, H,O, excess of 1.2 times, pH of 1.8, temperature of 90 C, and reaction time of
4 hours. These conditions yield a product of good crystallinity that meets quality standards. This streamlined process effectively
recovers Fe, Al, and Ti through gradient separation, offering a novel approach to the resourceful utilization of Bayer red mud.
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red mud Fe, Al, Ti gradient separation by Bayer method

(3) i A AL K AR Tio R4 RIS WP 4 pHL, Jin
A8 R IK AT e i B A K A SO, 52— B It ]
JETEHEUINE , RSV pH AT RN o [R5, 45 5
B Ti I AR Ti JETR

(4) FACERTTIESE AL, #—3E Al5 FIYEE/R Lot
NaF A BRIZ R, 750 IR A 5 BT IR g
PEAS b 7 — TR T S — B ) S A 5L A5
B AVIE FIBR ALTEWR

(5) il % FePO,. [a1BR AIJER T IIA HPO, FTH.O,,
BT RS P A R R ST AR DI,
A pH I pH, S5 I — i B 8] ) 69 40 5, 15 2]
FePO,,

2 RS

2.1 BBIERE—IK AL I T

B e e —A~ 2 2% 0 A R vy b A , L2 H Y
SRR R IIRIE =  RN TR TR A BA =4 N
IR AR IRES | X —36 A B T )5 4% Fe (AL Ti 98
PorE 5k ek e R D bl B SRR
[B] S HERE L T i FE=M s M ) F2 520 [ AR 08 SR
BREZM3ANHEE . Bk et | k1.5 h, Bk N
0.5:1 (g/g, A, KRl B AR (X ALTCER KR
RIS L] 2(a) , B 0 T 3G, ALIIR: R
BB PR e M 600 THY
J2E 900 CH, AUK R 3 H 21.91% 511 % 68.91%;
2R BE RS2 3G AN 2 1 000 TR, ALK #5382 R4 [
900 CTHEK T 2.23 A 43 i, iX W] AR PR 7E 900 T E
FEARGERTBE . ISR 900 C R ARG HEIREE o

PLREBE IR B2 2 900 T, B 0.5 1 S [ K
BT BT Bt [ X T Al T ZK 2 H R 11 52
Mo AN 2(0) BT 7 , AL YIS H 3 i 25 4% 58 1 ] A 4iE
KRWrHE R o 2455 Hert [A] A 30 min #E4 25 90 min B,
ALK 3R 1 25.429% N2 68.91%, [A] LK T
A3A9 NG o ARELIE KA BERT [A] , ALK IR H R
A W 8 1, 7E 150 min X 1 90 min #K T 4.40
ANEP X UL AR PR AE 90 min I B FEAR 58 B
PRl L5 90 min A A A RT BErsT ]

FERPBEIREE R 900 C i HAFH 2 1.5 h AT,
PRITHAE 0.1:1~0.6: 1 X [A] 50 RE EL X AL T R OK R
R R, 45 8 UL 2(c) , Bl BORE L A 38 N, Al
3R R B B L KR W AR A A Bk
FeHt 0.1: 188 2 0.5: 1 1), AR H R 14.76% B in &=
68.91% ; ARLEHG BRI L =R T 0.2240 H 43
R X RIS Sl A BRI A 2R U8 50% B, B4R}
FEoA 0.5: 1B Bl be L 20k B AR IRUR . R, e
0.5: 1 NEAERRRHE

T 68.91 71.14 o 6891 7107 7! T 68.91 69.13
70 F 70 F 70
;:; 60 | S: 60 | § 60 |
= 0T = 50} = 0f
40 F it X 40 ¢
& 40 o
Z 30 f21 Z ' z 30f
< 20t < 307 < 20 {4
10 | 20 10 F
0 10 0
600 700 800 900 1000 30 60 90 120 150 01 02 03 04 05 06
Ri kel 2/ C R eI 6]/ min R (g g
(@)K btk J3E (b)KE B I 1) (OB BHLE
B2 Tl 5% o 2% AR T K VR R R R I R T
Fig.2 Effect of alkaliroasting conditions on the leaching rate of water quenched aluminum
2.1.2  KibE—/K V) XRD 70 H0.5: 1 g/g W ERAERE A AR e JRURE HEA T e A

PIRE BRI A 900 C KRR [E] 28 90 min B0k}

PUREBE 1 K EAR BRI . O T IRARTTE ARG



80 IRERTS R A

£47%

JERE T BE = ) LA B OK R 7= 1) 114 0 A A R 4 )
b, % =FH T XRD 734, =%t U4 R ILIAL 3.
ARYEJEURE 1t R 2T (0, R B 1 S (0, K VAR
RO RIS, ARk — KR AT
Jr A BSHIEAT T k. b Fe 200> 2L
IR I AR, AL o3 T2 LA —/K R A e A
e, Ca 2l 73 W EZ LT A L XAFAE T AR e b . 200
KBen , RERETTE 33.15° B ST S e &t TET (104 fR 7
111 HAUAE 40°~60° Z [H] U ATHT IR 2 o Xl fiErh T
TE il R P B, SRR AT Y A A 5 2 AR AR T R

1. R

2. KE A

3. D5 A

40 R A7

5. 07 AT

6. H RN

7.5 Bk 7

kit — |

i
L
-

AT, 8T A13).(116) M L&A T HAE, AW
LA R B R AN ER W ZE R et B b, ALZH 43
5 aling kA RO, A AT T K B AR R R, [FIRT Ca
o SaRle /b Ti 456 e A S ER AT, kst
ARG AR — R LR /R T Bl e R v i fh 2%
Yo7E Ak, RIS b B TAR 4L B 5. 2K
VAR PR , BRI 5E A T K K BERE A DL R
B ESERE R . DL KRR 2 T SR 57 N AR T
0, X — At R W AV 435280 T — A BB 2%
Iy

(@)K VA FE

oE J%/a.u
1
1
4
N
N
1
~
2

7 (b)KiBERE

(c)7% U8 J Ff

40 50 60 70

B3 U8 R RE- RS Be-/K VE P2 X R DX L

Fig.3 Comparison of XRD ofred mud samples-roasting-water quenching products

2.2 FRAFEBRRSH

25 B~k AL B, RV P i ALZL SR B SE IR
RPN, AL 3 B LB IR A TR
ik e v 4R T Fe Ti g0 2, FEEF L AR WL 1 ik
RIS TE R IR R R HE T, 2 BHTT T8 i ] 35
SELE BRIV IEE TR U SR AR AR R R
Fe | Ti REAS AR 518 %3145 F1) T IS 224 4% FePO,
TER R L R Fe ALTI F2 LA

3H.SO.+Fe.0;= Fez(SO4)3 +3H.0 (2 )
H.SO,+FeO=FeSO,+H.0 (3)
3H,SO,+ Al(OH); = Al,(SO.); + 3H.O (4)

2H,SO,+CaTiO;=CaS0,+TiOSO,+2H,0  (5)
B AR E 4 PR . fER R R 120 C i
PRV BE oM 6.0 mol/L &[5 bk 6:1 (mL/g, T [R5
P, 12 RIS H SR A 52 UL 4(a) , Bl 12 H
[H] AL, Fe Al TG R 12 HH 3 2 a3 I 5 A iy

B Ti LR R ORI RN PR IFAE 90% LA I,
Fe AlTCRR N HRLE1~1.5 h Z [P B2 5, H AlTE
(A5 L SR A 1 K E HE Fe B B 7F 1.5~3 h Z [A] G
B G K, W Fe (ALME 1.5 h B & FEARSE MR H . Ti
JCETE 1.5 hi RN 95.63% , 1K J v i ] 32t %
WA I 3, SR Ti B e R . MOk 1.5 h R
f R ]

[ E BRI B M 6.0 mol/L V& [ Ht ok 61 32 H it
[E]°4 1.5 h, 12 IR EE X R 1 52 UL IE] 4(b) , i 1=
HHREE ) LTF, Fe AL Ti TR R H R AR 2 MFREE K
By RaH, 2412 IR BE S 60 I, Fe Al Ti LR IR %
AU 32.17%.43.29%.53.12%, 4R T2 120 C
i, Fe. AL Ti JC R & H 353 51 28 90.43%. 69.48% .
95.63%, FHHL = FH /3 MG K T 58.26%.26.19%.42.51%,
X P Fe AL Ti 3R H B3 32 21032 HH IR 52 ), 112
o SO PSR T PR 9 e R v [ R A T ) S N T) B



£1087

TRE,%F FEEFREBRESBRENHEHBRKNTZHAR 81

WAL Fe AL Ti N 4L o 6L KB B 1. Rk
BEFE 120 THEAER R

FEiR IR E N 120 T R B 1.5 h R E
J96:1 mL/g ACIE T B R FE XTI S 1) il L 1]
4(c)o FlEBRIRIR L I, Fe Ti TG E R H R 2
TG #EE R R, AT R R R R S K
P BRI ASE i 4.0 mol/L B /%) 6.0 mol/L I, AliZ
R 57.03% 14 K & 69.48%, [A] HL 36 K 12.45 1
A3 15 YRR E 4 6.0 mol/L I, Fe | Ti& H Rk 5] —
A RS IR R VR FE 25 8.0 mol/L I}, Fe | Ti{z
ZHRVEA W 5 F+, F20 Fe \Ti 7F 6.0 mol/L JLF- 00 4
SERGR 5 ALIR R A AU K 2.57%, 4RSS i
BRI, 6 AL IR R A B B AR HEE T . R A

100

/A— A
90 / = =
80
=X
#‘f 70 | ° —e
?j( 60 +
. 50 | —— Ti
—a— Fe
40 —o— Al
30 L L L L )
1.0 1.5 2.0 2.5 3.0
A /b
(a)¥ HIn i)
100
90 —
80
S
# m-y///,///***‘*‘”ﬁ*
H L
b 60 .
—— Ti
50 F
—a— Fe
40 —o— Al
30 Lo L L L )
4.0 5.0 6.0 7.0 8.0

% B i 1% /(mol » L)
()i P A< &

6.0 mol/LAE Rzt 1 B AR R MR

[#] 5 B R v B4 6.0 mol/L 38 HY TR R 120 €.
1= BT 1.5 h YR L AR A s H 238 04 5 i 4 5]
AT, 2 ORI R R e R R e R
Fo i 2: 1383 6: 1 1), Fe 12 H 3 i 27.10% 3 Jin 2=
90.43% , Al 3= H K 24.83% K & 69.48% , Ti iz H %
1 51.63% 14 K %8 95.63% , 1X & BITE W 4R By B g (k=
INRCR S B R S ENR L 601
HOmE| 10 16F, =FE R ToI AR, R
TV LG AU T 3 AR T, X Fe L AL Ti #2581
A LR, RIS BE 2 S AR R 38 0, Fe (AL Ti Y
VTR B TR BE AR R, B R, AR T IS 2R s A7, ik
B LR 62 1V R e e 431

100
90
80
70
60

2 i /%

50

40 +

30

60 75 90 105 120
BRI C
(b)% it 1
100
90
80
70
60
50

/%

—— Ti
40 —a— Fe
30 —o— Al
20

4 6 8 10
W H/(mL - g7
(d)¥ 1 L

o F

K4 5 %R AR UEFe. Al Tigt 2 % H 2 i 2

Fig.4 Effect of leaching conditions on the leaching rate of Fe, Al and Ti elements from red mud
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Table 1 Results of high—temperature oxidative hydrolysis experiments
SN e SN [E]/h WG pH 1819 pH Ti DR/ % Fe 23045 %1%
1 2 AV Nkt 4.16 0.37
2 2 0.5 Nkt 25.53 5.92
3 2 0.7 Nkl 38.67 9.64
4 2 0.9 Nkl 43.46 11.47
5 2 1.1 Nkt 57.82 25.84
6 2 1.3 Nkt 61.45 30.42
7 2 1.5 Nkl 55.49 49.81
8 3 1.3 0.7 63.83 21.63
9 3 1.3 0.8 74.16 15.37
10 3 1.3 0.9 76.79 6.94
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Table 2 Results of aluminum extraction from acid leaching solution
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Table 3 Chemical element analysis of FePO,
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2 29.5 16.7 0.979 0.030 0.142 0.018 0.037

3 20.8 16.9 0.978 0.021 0.158 0.010 0.017
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