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Table 1 Main ingredients of industrial zinc sulfate
solution
Element Concentration/(g-L ")

Zn 125

Mn 55

F 0.125

Cl 0.65

Fe 0.002

Cu 0.002

Co 0.0002

Ge 0.0004

Cd 0.512

£ ¢ 5, REUTERA m AL B T 250 mL HEF R,
SRR 100 mL TOVBREREEE I NAETE M, 3%
WS, BETHEEREGSS, HIHE 130 r/min,
By —ER S, #E.

1.3 \EBFHHEM

BERIARIN T 2S5 WRE] o WBGREE ¢,
W2 B 7508 I 5 AR pHFH 5 HL SO, 1 1) ke HE 47 i
SRS . UM PR R VAR SRR RE 100 65, AR
FIH(PXSI-216, AR} A B A A R 2 =)l
B R EAF IR TR po(mg/L), @i A (1)
(2) 73 5 T BOBRRE AR SRR (%) RO B 2
ge(mg/g):

y:gei}&ﬁleNé (1)
0

— )V
qe — (pe mpO) (2)

K po WVIIETRES TR, mg/L; V NIETRIAR,
L; m AMEARIIANE, g. AL ERAER VA
0.1 L, MEAIMANRE@m)AHN 2.5 g.

1.4 XPS o

X H X 4 & b B ¥ B i (XPS,
ThermoFisherESCALAB250xi) X ¥ B 4 il i (194 & A7
HEATRAE, LA WS B0 ST 5 AN [F] 70 28 BT xt B
THRERAARIARA, IRAFAE A A TR R VAW
I AL o

2 FER5VHE

2.1 I Z8HMBREMRAZM

B 1 BT A R o i e AR P Sk A A ot S8R 1
. HE 1)rlsn, BEERM R EK, MEAa
I a2 F T3 7ERT 25 min BEECRE F T8,
25~45 min Z[8], MR TEEEAR: 45~65 min,
2R TR R IR Z% s 65 min B, B ETE
29.67%; 65~85 min MiFFIEAREEAA, X UL
Bt EAIRFPE . BTLL, 1%4% 65 min 1 A5 AR IR B A
). BRI L(b)RT AT, Bl Bt R VA R B (Y T e,
JEA SR T s, AR R R A /N . Tl
RREE AR N 20 CTHEZE 70 C, BaEM
25.44%Ft B A 33.41%; IER ST EE] 80 C, AR
RIEARANAR, Fk, R R 70 C.
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Fig. 1 Effect of adsorption time (a) and temperature (b) on
defluoridation efficiency by monazite (p=25 g/L, pH=5.1)
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Fig. 2 Effect of adsorbent dosage on defluoridation efficiency
by monazite (=65 min, 6=70 ‘C, pH=5.1)
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Fig. 3 Effect of pH on defluoridation efficiency by monazite
(=65 min, 6=70 C, p=25 g/L)
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Fig. 4 Pseudo-first order (a) and pseudo-second order (b)

kinetic models of fluoride removal on monazite
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Table 2 Kinetic parameters for adsorption of fluoride on monazite

Pseudo-first-order

Pseudo-second-order

e, exp

Jy(1/min) G, cal(mg'g ") R lo/(grmin g ™) Geca/(mgg ) IS

3.56 0.00516 2.94 0.9877 0.0426 1.68 0.9750

42 K g AR B KN 25 2, mg/g; K. N Langmuir
. P H R

38f . % 3 AP SRR A S T AR S
~ - %, Kl 6 Fi7~A Frendlich S8R ZLA A AT Langmuir 55
T . EARH B . R Langmuir HOB AN
g Frendlich 7 AR 5% 2405 4 0.9992 11 0.9752, 3%
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Fig. 5 Adsorption isotherm of fluoride on monazite
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Table 3 Langmuir and Freundlich isotherm parameters of

adsorption of fluoride on monazite

Frundlich Langmuir
Parameter Value Parameter Value
k 0.7770 Ki/(L-mg ™" 0.0319
n 2.7660 gu/(mg-g " 5.2900
R 0.9752 R 0.9992

MR BFISS 1] 65 min, S TR FEEFE 60~140 mg/L 5L
TRV H A A O D O PR A IR R

IR W B I A PR P22 S R P S IR 2R, BY)
Frendlich %5 i 28 455 M F1 Langmuir %5 Jii 28 A A,
Frendlich B AR E W R # & A AR Y — iR,
AL S re /1l

lnqe=llnpe+lnk 5)
n

Arre pe JIMRIH P I VAR T RS T IR, mg/Ls
e 9B ST A I S T RO IR B AR B, mg/gs kAN
n(>1)A Frendlich %4, ZZ4H .

Langmuir 18 7R Bk 7 8 B0y 1 E IR,
Atk
Pe__ 1 P (6)

+
qe 9m K L I

5.29mg/g.
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Fig. 6 Freundlich isotherm fitting plot (a) and Langmuir

isotherm fitting plot (b) of monazite
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Fig. 7 XPS spectra of monazite before and after adsorption
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Adsorption properties of fluorine onto
monazite from industrial zinc sulfate solution

LAI Yan-qing, YANG Kai, GUO Wei-chang, YANG Chao, TIAN Zhong-liang, ZHANG Kai, LI Jie

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Monazite was employed to remove fluorine ions from industrial zinc sulfate solution. The different process
parameters, such as adsorption time, adsorption temperature, dosage of adsorbent and pH, were studied. Kinetic and
adsorption isotherm characteristics was analyzed and the mechanism of defluorination on monazite was explored
preliminarily. The results indicate that fluorine ions are removed by interacting with equilibrium concentration on the
surface of monazite. The kinetics data suggests that the process of adsorption can be described by the pseudo-first order
kinetic model. The isotherm data are well fitted to the Langmuir isotherm models and the theoretical maximum
adsorption capacity is 5.29 mg/g. It is the most efficient when the conditions are as follows: =65 min, =70 C, p=25 g/L,
pH=1. And under this condition, the efficiency can reach up to 46.06%.

Key words: Monazite; industrial zinc sulfate solution; defluorination
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