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Effect of Interaction Between Fe/Al Oxides and Layered Silicate Minerals on Adsorption of
Cr(VI) and As(V)

XU Hairong'?, HONG Zhineng?, XU Renkou®”, YU Yuanchun'"

(1 College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China; 2 State Key Laboratory of
Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Four single typical soil minerals, kaolinite, montmorillonite, goethite and gibbsite, and two representative soil mineral
complexes, goethite-montmorillonite and gibbsite-montmorillonite (mass ratio of 1 : 1) were taken as adsorption materials, the
effects and mechanisms of the interaction between iron/aluminum oxides and phyllosilicates on the adsorption of Cr(VI) and
As(V) were studied using adsorption equilibrium experiment (batch experiment), energy spectroscopy (EDS), infrared
spectroscopy, scanning electron microscopy, acid-base titration and zeta potential determination. The data from batch experiment
and EDS experiment showed that the adsorption capacity of the two complexes for Cr(VI) and As(V) were less than the average
adsorption capacity of the two constituent minerals, which indicated that the interaction between iron/aluminum oxides and
montmorillonite reduced the adsorption capacity of the oxides for Cr(VI) and As(V). The characterization results of the surface
property showed that after compounded with montmorillonite, the positive charges on the surfaces of goethite and gibbsite were
completely neutralized and the charge symbol was reversed. Compared with the theoretical value, the total concentration of the
surface sites of the gibbsite-montmorillonite complex changed insignificantly, and the specific surface area decreased. There was
no significant difference between the specific surface area and the theoretical value of the goethite-montmorillonite complex, but
the concentration of mineral surface sites decreased, and the intensity of the surface hydroxyl infrared absorption peak decreased.

The interaction between Fe/Al oxides and layered silicate minerals changed the surface properties of minerals, which may be the
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main reason for the decrease in the adsorption capacity of the oxides for Cr (VI) and As (V). In conclusion, when evaluating the

effectiveness of polluting elements in soils, the influence of the interaction between soil solid components on ion adsorption

should be considered.

Key words: Goethite-montmorillonite complex; Surface properties; Heavy metal; Adsorption
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Fig. 1 Infrared transmittance spectra of gibbsite, montmorillonite,
goethite, goethite-montmorillonite and gibbsite-montmorillonite
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Fig.2 SEM micrographs of kaolinite, montmorillonite, gibbsite, goethite, goethite-montmorillonite and gibbsite-montmorillonite complexes
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Fig. 3 Adsorption isotherms of Cr (VI) and As (V') by kaolinite, montmorillonite, gibbsite, goethite, goethite-montmorillonite and

gibbsite-montmorillonite
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T2 BRA. FRA. Z/KBAEMHHT RESHT X Cr(VI) 0 As(V) BIRMEELZA Langmuir IS5
Table 2 Fitted Langmuir isotherm parameters of Cr(VIl) and As(V') adsorbed by kaolinite, montmorillonite, gibbsite,
goethite and complex minerals

SRBET B A R Apax (mol/g) K(L/pmol) R P
BB R AR 22 PIBE S-S A A 2

Cr (VD) KA 0.89 +0.04 - 0.29 +0.04 0.96  <0.01
[aR7308 48.31 +2.06 - 0.08 +0.02 0.94  <0.01

[ G 0 - 0 - -

FiA 0 - 0 - -

“KEA-FEMA 0 0.45 0 - -
8-S A 7.38+0.29 24.15 0.04 + 0.004 0.99  <0.01
As(V) =K 2.13+0.10 - 2.33+0.82 0.89  <0.01
[aR7308 108.52 + 6.85 - 1.87 +0.11 0.81  <0.01

[ G 0 - 0 - -

FiA 0 - 0 - -

“KEA-FEMA 0 1.06 0 - -
8- A 41.99 + 3.88 54.26 0.02 +0.01 0.85  <0.01

T BETY Ave B THL—F W Apee SHAEZ SERFE S ROFRRZA,; BISH . WA UL = KAO-ZWaE 4
X Cr(VI) 1 As(V) %78 W HHEE T (Amax 7 0)o

(A) (B)

4 WM Cr(VDEMRBRA. ST SRy -ZXRAESHRRETERSASTEAOMH R -ZXRAESHAEAESH
El(B)
Fig. 4 Point sweep distribution diagrams of elements on surfaces of montmorillonite, goethite and goethite-montmorillonite after Cr(VIl)
adsorption (A) and decent sweep distribution diagram of goethite-montmorillonite (B)

AR 52 A —Cr (VD) B EDS K, 5% B3 56 b AT AR I B Cr(VID) Y BE ) A A
Cr(VL) 143 4i I’ 5 Bk (Fe) By 23 A & AR AL, 136 B 5. [EBF, Cr(VI) S5%(AD. BESHOR ESEWA)
Cr(VI) FEMH T2 S a s gk £, X —45 A3 A B — i, (S I R 6 A 4 SR 2 A S
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RN SR EY 2 REERRER T Y TAEXT Cr(V) 1 As(V) W R 520 1313

A% Cr(V) JLFI AWM R ) (8 3 53 2), HI

PR AT BB R A A A v T R TR 5 A R 1T 43 AR H AR

¥15), WS Fe Z54 1 Cr(VI) =M LS

Al Il Si ML, 5 Cr(VI) 284, As(V) WIS

TS Fe Y434 [t 52 90 1 s B A — Bk, iESE
(A)

S5 As

ETERE -SRARA-As

.
%

TR S AE G, As(V) o FZRHT
Bk 0
iR EDS 3B 4 L 5 A W B 45 SR AR IR
B, B8k % Cr(VD) F1 As(V) BYM g ks, (H
H5EMAEAE, 22208 n
B)

5 WRMIAs(V) BHISRBRE. SHEHT ST -SREESARATRZAAPHEWNH ST -RRAESHE
A9 E(B)
Fig. 5 Point sweep distribution diagrams of elements on surface of montmorillonite, goethite and goethite-montmorillonite after As(V')
adsorption (A) and decent sweep distribution diagram of goethite-montmorillonite (B)
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