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Influence of reduction of structural Fe(IIl ) in clay on Cd( II ) capture under anoxic conditions

FAN Xiaomei, DONG Yikun, WU Cong, WANG Shuai, LIAO Wenjuan, ZHOU Weijun, CUI Haojie

(College of Resources, Hunan Agricultural University, Changsha 410128, China)

Abstract: The structural Fe( Il ) in clay minerals is one of the primary forms of iron in soils. During flooding conditions, the Fe (Il ) in clay
minerals’ structure can be reduced to Fe (I ), resulting in changes in the microstructure and surface chemical properties of the minerals.
However, the effects of structural Fe (Il ) reduction on Cd( Il ) capture by these minerals are still unclear. In this study, iron—containing
nontronites prepared through a chemical method were used to investigate the effects of structural Fe (Il ) reduction on Cd( I ) adsorption
performance under anoxic conditions. The results showed that the total iron content in the synthetic nontronite was 31.3%, with structural
iron accounting for 98.6% of the total iron in the minerals. After chemical reduction, the Fe ( Il )/Fe ratio in the reduced nontronite
significantly increased from 3.9% to 67.4%. XRD, SEM, BET, and XPS analyses revealed an increase in the interlayer spacing and the
amounts of surface hydroxyl groups with structural Fe ( Il ) reduction. Moreover, the specific surface area of the minerals increased from

151.6 m*+ g to 184.0 m*+ ¢”'. The adsorption capacities of the reduced minerals for Cd ( Il ) were lower than those of the unreduced
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minerals, whereas the desorption rates of the reduced minerals were slightly higher than those of the unreduced minerals. The Langmuir

model best fit the adsorption isotherm data of Cd ( Il ) on minerals before and after reduction. The maximum adsorption capacities of

Cd( Il ) on reduced and unreduced minerals were 23.5 mg+ g™ and 33.4 mg- g™, respectively. The adsorption capacities of minerals for Cd

(II) decreased before and after reduction with an increase in ionic strength, and the reduction in Cd( I ) adsorption on reduced minerals

was significantly lower than that on unreduced minerals. The reduction of Cd ( II ) adsorption performance on reduced clay minerals is

mainly attributed to the migration of structural Fe( Il ) into the interlayer during the reduction process, inhibiting Cd( Il ) from entering the

interlayer of minerals during the adsorption process.

Keywords: clay minerals; structural Fe; reduction; Cd; adsorption
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Figure 2 Nitrogen isothermal adsorption—desorption curve(a) and pore size distribution(b) of minerals before and after reduction
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Table 1 The contents and proportion of different valence iron in

minerals before and after reduction

Kb 3 Fe( 1)/ Fe(Ill )/ Fel/ Fe( 1l )/
Treatment (mg-g™) (mg-g")  (mg-g™) Feu
I )5 Reduction 210.8 102.0 312.8 67.4%
FKiLJF Unreduction 12.2 300.3 312.5 3.9%

& 2 AL iR SRR S T AR i P 5 RS Fe (7 HE
e K, RIREH W) h 25 ¥ 745 Fe 5 ol 98.6% , Horh 4%
FIZS Fe (1) Fl Fe () 4351 A 5. Fe 19 3.9% F194.7% .

R2 W UERETE R ARSI L 612U (%)
Table 2 Proportion of adsorbed iron and structural iron to total

iron before and after mineral reduction (%)

T WL R

Treatment Adsorptive state  Structural state
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Fe(Il) 6.0 26.6
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Fe(Il) 1.4 94.7
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Ovats O-on,and Oio are lattice oxygen , hydroxyl oxygen and absorbing water oxygen , respectively.
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Figure 3 The Ols(a and b) and Fe2ps.(c and d) XPS fitting of minerals before and after reduction
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Figure 4 Langmuir and Freundlich adsorption isotherm models
fitting for the adsorption of Cd( II ) on minerals

before and after reduction
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Table 3 Langmuir and Freundlich models fitting of Cd( Il ) adsorption isotherms on minerals before and after reduction

Kb Langmuir #14 Langmuir fitting Freundlich #14 Freundlich fitting
Treatment Qual (mg-g™") k R SEBRI B Actual adsorption capacity (mg-g™) K; 1n R

& Ji Reduction 23.5 0.049 0.984 18.5 2.94 0.435  0.955

AL Unreduction 334 0.215 0.982 31.7 10.3 0.287  0.939
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Figure 5 Quasi—first—order kinetic fitting and quasi—second—order kinetic fitting of Cd( Il ) adsorption by minerals

before and after reduction
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FsF F0) % B6F  R 10.9 mg - g7, B3 95% Y Cd (IT ) 7E 5
min PR IR B o S IE B 0 E 24 h B T B 6
20.3 mg- g™, 7E 5 min I (W B 124 18.6 mg- g™, I
91% 1 CACIL ) 7E 5 min PRI

HH 2R 4 AT 0L, WE—G0 8l T 2 PN e — 0 3 ) 2 A A
P R B34 3 v, L A TR L5 T B 1 Y O o o
Qo3 HEE (A HE G 8 T AR ) R B WS =5 T 1 —
REh 12 . We— BN 77 F AR F I W 5H 500 X6F W o ot
PIZE G s B/, W B 32 A2 4 IV P 5 o )
Bl A R IE 5 b2y BN 3 AR B B AT
K, W BRI R A 2 TR A i g, iR
A3 M 2 AR JE TS B %t Cd CIL ) A iRz i 3 7 DA 2
Wt R L X 5 CA I ) &7 nl 3l ol 4 46 T Y 4%
B AR Z ) B8 A8 B A R4 T AR A O
2.2.3 pH W& Jt i f S iAW B CA C I ) R 52

TE R 25 °C OV ARFL 10.0 mL A" P FE & 0.01

R4 EIRRIFT WM CA( ) BE—F B S EF
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Table 4 Quasi—first—order and quasi-second—order kinetic fitting
results of Cd( I ) adsorption by minerals

before and after reduction

E—sh sy =2 DA /ey

Kb Ep Quasi first—order dynamic ~ Quasi second order dynamic

Treatment model fitting model fitting
QJ(mg-g™") K R QJ(mg-g™") K R’
i 11.0 55.3 0.998 11.0 79.8  0.998
Reduction
ESIY 19.5 36.9 0.993 19.6 10.1  0.995
Unreduction

g CA(CI1)#&JE 30.0 mg- L™ \NaCl ¥ J& 10 mmol - L™ %)
ZMF BRI T pH (5.0~8.0) XT38 IR 5 54
W Bt Cd CIU ) 52, 25 SR AN &l 6 Fros ik IR s 84
XFCd L) By W B 4t Bl o pH A 38 K3 K . 76 pH
5.0, 8 5w Pyt CAC I ) AWZ R o 11.1 mg- g7, R
WA CACI) AW B4 17.1 mg- ¢ 7€ pH
8.0, B S %t CAC ) W B 4 20.1 mg- ', WK
B K29 67.0% , A0 JEH Y%+ CA (I ) AW B2 4 26.4
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Figure 6 Effects of solution pH on Cd( II ) adsorption by minerals

before and after reduction
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Figure 7 Effects of ionic strength on Cd( Il ) adsorption by

minerals before and after reduction
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Figure 8 Adsorption and desorption of Cd( Il ) from minerals

before and after reduction
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Figure 9 XRD patterns before and after the adsorption of Cd( II ) of reduced minerals and unreduced minerals

001 — WJEH Y Reducing mineral (a)

. — &J-Cd( I )Reducing-Cd( Il )
e
<
e 003
E
b
=

0 15 30 45 60 75

26/(°)
(a) Cd3de KRBT

Unreduced mineral

407 406 405 404

25468 Binding energy/eV
(c) Ols KLY

Unreduced mineral

O-0n:30.8% Oru:50.2%

01:0:19.0%

534 532 530 528

254 1€ Binding energy/eV

W)

Reduced mineral

(b) Cd3ds»

405.45 eV

407 406 405 404
fi£ Binding energy/eV

(d) Yt

Ols Reduced mineral
0-on:33.8% OLu:46.4%

01,0:19.8%

534 532 530 528
254 18 Binding energy/eV

B 10 ERT M5 RERT B C( 1) JF Cd3ds-F101s B XPS EiE
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