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Fig. 1 Structural formula of resin 1
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Fig. 2 Structural formula of resin 2
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Fig. 3 Equilibrium adsorption capacity of Fe** by two

resins at different sulfuric acid concentrations
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Fig. 4 Equilibrium adsorption capacity of Fe’* by

two resins at different sulfuric acid concentrations
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Fig. 5 Adsorption rate curve of Fe’"
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Table 1 Fitting parameters of adsorption kinetics of Fe’*

FIPAE $i i 25 Y I FE = g./(mg+ g R?
g 1 In(ge—q.)=—0.008 6:+2.230 6 9.3 0.877 5
th—%
g 2 In(ge —q)=—0.001 542,467 5 11.8 0.878 2
g 1 t/q,=0.032 4¢+0.523 8 30. 9 0.999 7
h—%%
g 2 t/q,=0.052 5:40. 832 3 19.0 0.999 3
B g 1 q:=4.205 3ln t+5. 360 8 — 0.949 9
Elovich 77 2
WRg 2 q:=2.019In t+6.343 9 — 0.995 0
4B B :q,=0.735 8:%°416. 030 — 0.817 7
Fig 1 W51 BB g, =1.576 87 410. 324 — 0.950 7
2 BB g, =0.018 4:%° 429, 256 — 0.999 7
W-M P4 s A
BBt g, =0.367 91°°+11. 289 — 0.929 1
B g 2 1 BB g,=0.620 0:%°+9.586 2 0.973 0

2 BB g, =0.170 3:%5+14.918 — 0.975 0




« 770 Bh 4

2025 4¢ 12 A

HI1E 6 () F L Dh— 23 )y 2 A Y A 42 B Be
RN RS AR BT I 2 1 5 R X T
2 KR AR B0 1, B T Fe'™ Ve BE R Wit 32
TSI TR ] L U6 T R D 4 A B R A S
th—25h 12 iR, | 6 (o) F i, Elovich Jf#
RO JH T AF 2 AR 1 2 W B 28 2, — i3 5 4 i
W B A Y b S 2815 N2 1 F i Elovich FE8Y
XF 2 Tl i B R JH A8L A 42 VAR OGP A A 10 ]
T2 B e A A 1 2D IR Ry Ak 2 R B R A o R
AR BE o AR E A X A a3 A i 3 T T M RS
W-MN P R B3 HT T 062 PN AL BT HIC il i
B2EAL, AR 1 & 2 FR i i 2 B B2 v 6 &
BeE, HAUG M4 R 280 I, B URE 9 97 1K
AN G B Ao R ) M — 4R 2D R — R LT L
A £, A5 Y8R5 BICRUURL N 9 B 2 S B B,
6. 1 A i ] W-M J5 2 70 Br Be it 47405 I 2k
PRI ZR B 5 1 B B S2 MR HiCHaE il o W

40 ra
[ 30
w0
g —a—25°C
= 20| —%—45TC
s —e—65C

10 1 1 1 ]

0 500 1 000 1500 2 000
p/(mg+ L")

q/(mg g™

R 5 2 Wy BEAZ ORI P 108 ] W B R g
P FRU 2 s i ) R A 3 A2 VB I FIURE Y
PHE 2 FALE I F AR AR LR E
WAE 25 CAMET MG 1A 2 XF Fe' ™ 14 I Bff 5
A th G sh J1 2 A5 A P G 2R 3058 L At A5
RSy, A B0 W B e O 42 00 S B i g
(LI 5) 5 T B — 9 W R A5 70 35 1 1 1 Bl Ak 2
S A T 2 R B S R FL S ST T A T T A
T P A 5 A% J0T L W B R ) R o 4 i AR L X
W 2 BB g XT Fe' i W B ok B DL Ak 2% 0k B
S ER,
2.3 WEKMERLZL

FE 25,45 F1 65 CARMT. Mg 1 F1 2 X
Fe' ' By B4R 2k & 7 Fra . ] LU Wi
1A 2 X5 Fe' ™ (4 7 1 W BT 5t %08 B W B T & i 1
K, R WI TR A F T 02 B 2E A7, 32 W BEE A i A s
N AR A 2 X Fe' ™ Ay W B £ 527 38 B 52 K,

40 b
30
20 —=—25C
—>— 45 TC
——65TC
10 1 1 1 1 1
0 500 1000 1500 2000 2500

p/(mg L7

a— MR 1;b—Whg 2,

B7 FetRRMERE

Fig.7 Adsorption isotherm of Fe’™
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Table 2 Langmuir adsorption isotherm fitting equation and related parameters
1} g 2 784 R/ C Langmuir J7 #£3 R? ki/(L+mg ") gm/(mg g 1)
25 0e/qe="0.029 8p.+3.742 9 0.997 9 0.007 96 33.6
g 1 45 0e/qe=0.026 4p.+4.243 4 0.993 8 0.006 22 37.9
65 0e/qe=0.025 6p.13.053 2 0.998 0 0.008 38 39.1
25 0e/qe=0.039 1p.+3.719 4 0.999 3 0.010 51 25.6
g 2 45 0e/qe="0.029 9p.+3.204 0 0.999 7 0.009 33 33.2
65 pe/qe=0.026 0p.+3.015 4 0.995 0 0.008 62 38.5
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Table 3 Freundlich adsorption isotherm fitting equation and related parameters
g 2 1Y R/ C Freundlich J7 # = R? kp/(mgi/m e LVn o g7 1) 1/n
25 In g.=0.203 9ln p.+0. 847 2 0.988 2 2.33 0.203 9
g 1 45 In g.=0. 225 2In p.+0. 819 0 0.995 3 2.27 0.225 2
65 In g.=0. 225 6ln p.+0. 853 2 0.983 0 2.35 0.225 6
25 In g.=0.141 3In p.+0. 931 0 0.983 2 2.54 0.141 3
g 2 45 In g.=0. 207 0ln p.+0. 846 4 0.933 6 2.33 0.207 0

65 In g.=0.176 2In p.+0. 992 1 0.991 3 2.70 0.176 2
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F5 I 2 B
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mass ratio of 22/1,water leaching time of 2 h,the fluorine leaching rate achieve 95. 86 % . XRD analysis
of the leached residue reveal that the remaining fluoride existed as calcium fluoride. The soluble
fluorine mass concentration in the residue is 48 mg/L,which can meet the harmless requirements. The
harmless and resourceful recovery of carbon residue can be achieved by converting the fluoride
occurrence form through calcination and combining it with a one-step water leaching process. The
method offers advantages such as a simple process flow, rapid reaction kinetics, high treatment
efficiency,and promising industrial application prospects.

Key words: spent carbon anode; aluminum electrolysis; fluorine; extraction; phase transformation;

roasting; water leaching;harmless
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Adsorption and Removal of Iron from High-concentration Sulfuric Acid by Chelating Resin
XIA Dong,JTIANG Xiaoyun, YI Yanan, LI Zhiyun, LIU Yagian

(Changsha Hasky Environmental Protection Science and Technology Development Co. ,Ltd. ,
Changsha 410000,China)

Abstract: Adsorption and removal of iron from high-concentration sulfuric acid solution using
sulfonated phosphonic acid resin and amino phosphonic acid resin was studied. The influence of
sulfuric acid concentration on the adsorption of Fe*™ and Fe’" by the two resins was investigated. The
adsorption kinetics and adsorption isotherms of Fe’™ were analyzed. The effects of hydrochloric acid
concentration and different additives on the elution of Fe®" were explored. The structural
characteristics of the resin before and after adsorption were analyzed by infrared spectroscopy
comparison. The results show that the adsorption capacities of the two resins for Fe'" in high-
concentration sulfuric acid solution are 30 mg/g and 25 mg/g, respectively, and they hardly adsorb
Fe’" . The adsorption processes of Fe'™ by the two resins conform to the pseudo-second-order kinetic
model and the Langmuir isothermal adsorption model. The reactions are endothermic and mainly
chemical adsorption, which belongs to monolayer adsorption. High-concentration hydrochloric acid can
desorb Fe*™ loaded on two types of resins, and acidic solutions with thiourea or ascorbic acid as
additives can also achieve complete desorption of Fe'" in sulfonated phosphonic acid resins. The
results of infrared spectroscopy analysis show that the sulfonic acid and phosphate groups of
sulfonated phosphonic acid resin,as well as the amino and phosphate groups of amino phosphonic acid
resin,all participate in the adsorption of Fe’". The method has a good effect on iron removal and has
certain application prospects.

Key words: sulfuric acid solution;chelating resin;adsorption;removal;iron;complexation;reduction



