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Table 1 Chemical composition of solutions (mol/L)

Solution Actual solution Simulation 1 Simulation 2
Hydrochloric acid 2.50 1.60~7.20 1.60~7.20

Fe** 1.02 0.96 1.43

AP 0.21 0.22 0.24

Mg* 0.02 0.02 0.02

Ca>* 0.01 0.01 0.01

K 0.01 0.01 0.01

BT AR 7 A, NON'- R B R 2 8k iz [N503,
CH;C(O)N(CH(CH3)CeH 3),, 4% =95.0%], BR =T g
[TBP, (C4Hy0);PO, 4l =99.0%], 1F ¥ (CsH,;0H,
AifE=99%, RiERH# AR FH R A ), WREFA
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2.3 XWHE
2.3.1 AL ALK

FARRRLE 30% N503+10% TBP+10% iF £ RE+50%4E
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SRR 97 12 A I ORI ). RS 25 C PR
PR 5 RN TG — e A b B T b, RGAEE S
min. FE R HNEW, 505 EJEAPHERTT Z AR

W 1 BAT WU S IR B 3R R 1 | ) s — 8
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JEFRT H B4 B A BRI AL RE . M H N503 A\
AR A T R AR el I USRS ) Ak
[H"2N503][FeCly ], BIASHR 2 v Ky

Fe¥ " +H'+4CI+2N503 = [H-2N503] [FeCl,]". 3)
TBP: N503:
o (s
W H CH(CH)5CH;
CHy(CH);0—P——O0(CH;,Cly  HC—C—N
CH(CH2)5CH3
O(CH,);CH; \CH3

Bl 1 ZEGRI A2 g5 2
Fig.1 Chemical structures of extractants
ARSI [ 2 R P Fe? HE N 0.96 mol/L, Ak
J£4 0.22 mol/L, HCI KK 3.2 mol/L, #HLL O/A=1:1,
43 AIEA N503 F1 TBP 54 B—AE GRSl o FRe ),
KRR RN F IR [ LUARILE 30%
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Table 2 Extraction results of Fe’" with different extraction systems

Extraction system Distribution ratio

Extraction rate (%)

Separation factor, freai  Experimental phenomenon

30% N503 1.12 44.85
10% TBP 0.19 10.70
Composite system 1.99 66.46

520 A third phase appeared.
72 A third phase appeared.
1075 Without third phase

3.2 HCI KEME SRR Fe” HISMT

R4 NS03 F1 TBP % Fe' FUAKIUSL o, IR i 15
Tt B —REEURIA L Fe’ A (e ik 7 A 76 [ s B
APHRPE N 0.22 mol/L A HLAHZLE N503: TBP: IF -
PEM=3:1:1: 5(¢)« FHEL O/A=1:1 HISAT T, Z5HL 5 min,

5% HCLIR FEXT Fe AEBUSCR I 52, 45 S el 2 o,
HC1 % 1.2 mol/L 3§ % 7.2 mol/L, Fe* A% LT
SRR, PIUG Fe W% N 0.96 mol/L i, Fe’ ATy
Kl 38.28% INE] 96.55%; 4 Fe' WAL A 1.43
mol/L i, ZXHUK H 29.60% L TF£] 69.51%. H(2), (3)
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Fig.2 Effect of HCI concentration on extraction rate of Fe**
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F IR, W TR & 725 TS WIRIEK,
HR FE A AN RS AT . FERRET Fe® WA
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Fig.3 Effect of chlorine ion concentration on
extraction rate of Fe*

FHEE 3 a4, X HYKREE 505004 1.6 F1 3.0 mol/L 1)
ANFEVENE, FHEARRA, MR S R 8,
Fe’ AEIURBI LR MBI, 00 H 45.54%F1 61.40%3%

£ 55.68%A1 71.31%, HIEhEaAJLF-AHF. nf 0L, xf
THEAEFERAR, "B SEETH NSRS T sE
LGB E T, S MEEBGY HE R T
KRBT RN, ARTRERNET, Fe ' AEHE
B, RNXE G AR R TR AR AU N — Ak
FREEAAA.
3.4 N503 JKEXf Fe” ZE BRI £ M

] 2 B Fe® WILAIE N 0.96 mol/L. AP
022 mol/L. HKJE K 1.6 mol/L. I HLHI+ TBP Al
IEFERER A, SR PR N503 MRAE, JiAfLE
O/A=1:1 2 5 min, #%¢ N503 IRJEXT Fe® MUK 5
Wi, &5 4 Pros. AU N503 % JE HH 0.25 mol/L
W44 1.50 mol/L, Fe  AEHUH 1 25.15%H4 % 60.26%. 1R
PG AT, N503 5 G I A ALAH A 5 2 AL
JE 75 E R H g A R R B T, Ak AR
[FeCly] &5 & e AR B W, BN T Fe AR, &
HRRA, N503 AHL Fe 1 ) W HLEE 15 B — NS03 AKHL
PR Z AR

[e2]
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Fig.4 Effect of N503 concentration in organic phase
on extraction rate of Fe*"

3.5 KA HIEF Fe"BIREE

FEfRT R AR, AT RIFRRE A FH ] AR TPl
B, REIUSNIS REAT,  NIMIE I AL B P ZEA
tb O/A=1:1 MM, KMEZRFEREHHREN 0.94
mol/L 48 WA AN R E HCL )R Z 7 [ %5 5 min,
SRR S Fis. 24 HCLIREH 0 8948 1.2 mol/L, Fe’
A 74.72%% 5] 60.30%. H2(2), (3)AI 40, A
(R R A ARl 5 N 28 (g 2R T, Tl HCL R B T g AN T
SN AR T, T, EREE NS AR AT H AR
KAE AW, 4 3 BRI 6 S5 IR AR . X DA
NG 2 YRR R ZE S, AT MU IR Fe® TR HOVR IS e
i, RSB =IRRAJG, Fe' IERHMRIR S M & A R AR
T KR, R, TR SRR H R A A e Y A
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Fig.5 Effect of HCI concentration on stripping rate of Fe**

3.6 ZRFFFHEE

Stripping rate of Fe** (%)

PR B 5 T 1) 2 AU R v] i v
3B P 5 R DCER AL, (R AR R T = S50
Bedls, FFATZYOURSE, DA e A BUR AT
fi] 52 A WAL N503: TBP: 1E - BE:Hih=3:1:1:5(¢)« K}
W B> WA 4 0.96 mol/L AP ¥ 4 0.22 mol/L .
HYRIEN 2.4 mol/L II4AE TN, [ AU L O/A=2:1
AT 5 QIS RAEEL, [FIRAE R AAH L 0/A=2.5:1, H] 0.01
mol/L ERIRVEBINE RN 0.94 mol/L I HUAHIEAT 6
PR AL, AT TR A S AR, S A
Wk 3 Piw. MR, EREFERELMET, Fe ik
WD KT 99.8%, 1M KA WA EAR 2L AT I
AL, 285 JOERACEUN 6 SRl A, % A AREUE
FOMERER I A2y B RO R

& 3 ZRFEIMIAFIMEE TEEIRE

Table 3 Equilibrium data of multiple countercurrent extraction experiments

Extraction stage 1 2 3 4 5 Average

Iron concentration of kerosene (mmol/L) 1.48 1.39 1.14 1.20 1.11 1.27

Iron concentration of stripping solution (mol/L) 1.78 1.79 1.81 1.82 1.81 1.81

Aluminum concentration of stripping solution (mmol/L) 0.381 0.363 0.322 0.348 0.326 0.348

Extraction rate of Fe** (%) 99.85 99.86 99.88 99.88 99.88 99.87

Stripping rate of Fe* (%) 80.21 80.20 80.20 80.20 80.19 80.20
3.7 BHRLIIN AL 3

ZREATHUR S RN 57 AT DU R 22 Y R R AR S AT
HURILLAM G LK 6. & HLAHT P—O—C, P=0
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Fig.6 FT-IR spectra of organic phases
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SRS TIRBEFIAT WA NS03 IRIEH K, "AR RN
AR A IR BT
Q)R FHARFALL A 30% N503+10% TBP+10% iF- %
+50%MEM IR G R, Xt Fe’ W4 % K 0.96 mol/L.
AP 0.22 mol/L APRRBIEATAR Bk 2, AEIUA
b O:A=2:1, 285 JUERACI, BRACHUCR LN 99.8%.
QLA ERE TR Y], ik R Fe' [HAER T 22
RGN R PR 7 BRI S H 4G
TERRPHE T, KT -5 VR P < e 2 1T B E B 1 1 i
AR, 5 N503 B TBP AU (K HLEEAH ).
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Extraction and Separation of Iron and Aluminum Ions from Acid Leaching Solution of Fly Ash
JIA Guang-lin, LI Ming-yu, WANG Qi-yao, LIU Hai-hao

(School of Environment, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract: The extraction and separation of iron and aluminum ions from acid leaching solution of fly ash were carried out in the
composite extraction system with N503 and TBP as extractants, n-octanol as modifier and kerosene as diluent. The effects of
concentration of HCI in aqueous phase, concentration of chlorine ion and volume fraction of N503 in organic phase on the extraction
were examined. And stripping of iron from the iron-loaded organic phase with low HCI solution was conducted and the optimum
conditions were obtained by the countercurrent experiments. The results showed that over 99.8% of iron was extracted, but aluminum
almost remained unchanged, from the extraction system of 30%(¢) N503, 10%(¢@) TBP, 10%(¢) n-octanol and 50%(¢) kerosene under
the conditions of initial iron concentration at 0.96 mol/L, aluminum concentration 0.22 mol/L, extractant phase ratio O/A 2:1 and five
extraction stages. 0.01 mol/L HCI solution was used as stripping solution, under the stripping conditions of phase ratio O/A at 3:1 and six
stripping stages, the iron concentration in the final stripping solution reached 1.8 mol/L. In addition, the FT-IR spectra of both the pure
and iron-loaded phases were also presented.

Key words: fly ash; N503; TBP; extraction; iron; aluminum



