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Abstract: [ Objective ] The influence of free iron oxide on the adsorption and desorption of Se(IV) in a lateritic red soil and red
soil in the selenium-rich area of Guangxi was studied. [ Method ] The adsorption and desorption characteristics of Se(IV) in the
soil before and after removing free iron oxide were compared by isothermal adsorption and desorption experiments. Zeta potential,
scanning electron microscopy and energy spectrum analysis and Fourier transform infrared spectroscopy was used to explore the

influencing mechanism. [ Result ] The results showed that the adsorption process for Se(IV) fitted the Langmuir and Freundlich
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models, with correlation coefficients ranging between 0.920—0.995. After removing free iron oxide of red soil and lateritic red soil,
the zeta potential became more negative and changed from —24.42 and —18.06 mV to —33.06 and —26.43 mV. Also, the specific
surface area was decreased. This observation correlated with the lower adsorption capacities of the soils after the removal of free
iron oxide. Hence, the order of maximum adsorption capacity was: lateritic red soil (1 399 mg-kg™") > red soil (1 336 mg-kg™") >
DCB-treated lateritic red soil (444 mg-kg™") > DCB-treated red soil (352 mg-kg™). The desorption rates of the tested soils were
between 2% and 7%, while that of DCB-treated soils were higher than that of the original soils. The FTIR peak fitting analysis
showed that the soils reacted with selenium mainly through the oxygen-containing groups such as —OH, Fe-O and C=0. After the
removal of iron oxide, the effect of Fe-O in the adsorption was weakened or disappeared. [ Conclusion ] Free iron oxide can

significantly increase the adsorption capacity and strength of soil for Se(IV) and reduce the release of Se(IV) by its physical and

chemical properties and surface groups.

Key words: Selenium-rich soil; Free iron oxide; Selenite; Adsorption; Desorption
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Table 1 Basic properties and composition characteristics of the tested soils

i WA
AT 3L
N A HLIR PN =R AR 7 [TV ik =R N Composition of clay minerals/%
e Available Specific
pH Organic matter/ Fed/ Feo/ =K
Soil Se/ surface area Vol [EPa A A
(gkg!) (gkg") (gkg!) A
(mgkg™") / (m*g") Quartz  Muscovite Kaolinite
Gibbsite
HR 4.27+0.01 27.69+0.58 0.05+0.01 41.82+0.05 2.75+0.00 20.45 64.8 26.5 7.2 1.5
CHR 4.57+£0.02 35.27+0.06 0.01+0.00 45.64+0.03 2.86+0.04 33.48 66.0 11.2 11.6 11.3

7E: HR #4048, CHR £/n/R4088, T[], Note: HR stands for red soil, CHR stands for lateritic red soil. The same below.
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Table 2 The forms of selenium in the tested soils

‘ QESTEE ‘
KIS BRER 4G AP B PR A
Exchangeable AT
N Water soluble Fe-Mn bound state Organic bound Residue state
e speciation Total
Soil & di bt G di bt G di bt G dit GEH Ak selenium
Content  Proportion Content Proportion  Content Proportion Content  Proportion  Content  Proportion / ( ngkg')

/ (pgkg™) 1% /(pgkg™) /% / (pgkg™) /% / (pgkg™) /% / (ngkg™) /%

HR 13.3 1.6 137.9 16.3 208.0 24.6 412.9 48.9 72.2 8.6 844.3
HRD 13.6 2.6 26.0 5.0 78.1 14.9 324.7 62.0 81.3 15.5 523.7
CHR 17.1 1.2 184.0 12.3 238.7 16.0 505.9 33.9 546.8 36.6 1492.5
CHRD 34.2 5.2 85.7 12.9 96.6 14.6 306.2 46.2 140.2 21.1 662.9

7E: HRD F/n AL, CHRD Fon L EAbkaRk4r$ . T IH, Note: HRD stands for DCB-treated red soil, CHRD stands for

DCB-treated lateritic red soil. The same below.
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Fig. 1 Relationship between the tested soil pH and Zeta potential
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Fig. 2 The tested soil isothermal adsorption model for Se ( IV )
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Table 3  Fitting parameters of isothermal adsorption model for Se (IV) in the tested soils
Pt Langmuir 5% Freundlich 5%
Langmuir model Freundlich model
Soil
On/ (mg'kg™) b R? n k R?

HR 1308 0.17 0.970 0.25 421.1 0.995
HRD 784 0.01 0.936 0.71 14.93 0.920
CHR 1554 0.10 0.983 0.30 377.4 0.982
CHRD 628 0.03 0.965 0.46 60.83 0.937
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Fig. 3 Release of Se ( IV ) in DCB-treated soils
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Fig. 4 Desorption of soil Se ( IV ) in sodium chloride solution after equilibrium adsorption
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& 8 k1 3 B I Y 21 A0 o3 e ik 1] 21 R FL R
AR R B S o B o WIS S B R 6. 3k
AT, fE 450~750 cm " VI [ N 40 HE K L Rk AT
R T AL A 0, XN AR 472 (1),
536 (v2). 560 (v3). 695 (v4) cm ', WHfl)5 %%
PLE BRIV BALR , H v v2 A0 AR D
vl B TAHERD A% b Fe-O HRshMIkIE, v2 BT
Al-OH 25 i 4ig sl e 20 7E W B &= o ( pH=S5 ),
fifi 3 %2 LA HSeO; JE A7 1, HSeO; i) H W5
Fe-O/Al-OH i) O, =L &4k, 5 AI-OH iy
B RAERAL RN, FKE=FeOH ' Fe WAl 5
HSeO; ' Se 5 O Z [H] iy & A FL AL AE A, S 3
o i 1 AL /NP S 2 SR Ak Bk £ HE I B IS LA 06
v2 RN BRI B LTI, v1 T R B,
B L BR ARG, 213 2 AT Al-OH WE R
fl & 1 Fe-O /RIS o 7€ 1 300~ 1 800 cm ' i B
WHEN, AN UAEN, Hhvs(1401em™) 2k
FHLT B WA C-O fhaadi shvd, W Bt 12 06 1 7
W, vo (1671 em™) C=0 14145 Iz 5l s 0 [} )i e
A1) w5 P ECB R 2y, P RER TR A b i AR T
5 HSeO, 1 1Y &R F 7oA A P, 7E 3000~
3600 cm ' AL, HELDUASIIADE 3113 (v10),
3173 (vi1), 3235 (v12), 3468 (vIi3) cm', Mg
B I e B e R T AR, Horh R SR AR R LT RS
VI2 TH R o B R BN FRIE-OH M 4 i sl
P VT 3 Ao XL T o7 o U T 7 5 A A T
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e JFHRN-Q FRWMIRT, —H R/RWEHS . TR, Note: suffix-Q stands for before adsorption, -H stands for after adsorption. The same
below.

Bls WM Se (IV) RiJm RAEEHLBEIA (<5 000 17 )
Fig. 5 SEM micrographs of before and after Se ( IV ) adsorption of soils ( x5 000 times )

F4 i LHERIESN

Table 4 DEM micrographs of the tested soils

T JUZE FiE H /7 b Element mass proportion/%

Soil C (0] Si Al Fe Na Se
HR-Q 42.28 23.62 16.41 8.85 7.21 0.63 1.00
HR-H 35.83 37.93 9.47 7.26 6.49 1.53 1.49

CHR-Q 24.89 43.87 10.23 11.53 5.87 1.40 2.22
CHR-H 24.69 47.35 10.31 10.46 3.76 0.93 2.51
HRD-Q 18.39 47.23 21.17 8.33 1.85 1.34 1.70
HRD-H 18.78 46.84 24.29 6.83 0.56 0.98 1.73
CHRD-Q 23.38 47.67 14.55 11.80 1.10 0.75 0.74
CHRD-H 24.41 47.85 12.08 12.26 0.79 1.01 1.60

K6 /NAIRIRBERE 70 A RAE

Fig. 6 Sampling points for small aggregate energy spectrum analysis

x5 NHARGKHEESILEE

Table 5 Selenium percentage content of small aggregates

T fifi G Z JFi i B 43 Lb Mass percentage of element selenium/%
Soil 1 Sitel 2 Site2 £ 3 Site3 1 4 Sited 35 Average
HR-H 2.67 1.17 3.47 1.52 221
CHR-H 2.34 2.32 2.66 2.82 2.53
HRD-H 2.20 1.77 2.00 1.77 1.94
CHRD-H 2.06 2.67 0.96 1.63 1.83
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TRETHE B S AL Bk 4 B AP & 2 B0 3 9
7. FLLHRME va (553 em ) RS HIBU FTRUS e I aron
TRk, B EBR AR vAT % L vaARIZTEEd Y v A _amng e
7 T Fe-O ki e i, 550175 1M Y i 72 ﬁ:ﬁtji::%%i:;;iit:
L B R B AR Fe-O WML MWJRJLW_;;;,/f\xM_
55 1 2 T i S 9 i Y O wee
FIJE A . 3105 (vI1'), 3158 (v12'), 3222 (v13'), WM
3 465 (v14') em™' NFEFEMGNCIE, F2 B w1 4F OAW\LM

4 2 T R FLm R i S T ) FL A A R s e A a0 0 200 300 3s00

(o2}

¢ Absorbance
W

SRR R g R, SRR R AU, {5 Wavenumber/cm'™
MR L A0 i ] 1 58 31 06 A7 A% A i AR A e 28, 2 K7 I Se (IV) G (8 HL 204Nt
- B B Y e ), Fig. 7 FTIR diagrams before and after Se ( IV ) adsorption of soils
o 015 24 - = MR Measurement g 1.00 ——- 25 R Measurement 040 v11-—- M5 Measurment
§ VI V2R 4445 5 Fitting E 075 hys — BLALESE Fitting % 030 — AL Fitting
£ 0.10 5 £
2 <050 £ 020
2 0.05 v3 = 8 i
2 v Ros B o
g - / \ m g
0.00 : ety - 0.00 —~4= = : : ; 0.00 == " > n :
450 525 600 675 750 1300 1400 1500 1600 1700 1800 3000 3200 3400 3 600
% Wavenumber/cm™ % Wavenumber/cm™ W# Wavenumber/cm™
Pl 8 ZIHEAE 450~750. 1300~1800, 3 000~3 600 cm™' Bl LLA1 5306 ] 4%
Fig. 8 FTIR peak-fitting graphs of red soil between 450-750, 1300-1 800, 3 000-3 600 cm"
R6 UIE. REUBLOBANMSBRIEMESE
Table 6 FTIR peak-fitting parameters of red soil and DCB-treated red soil
WP P40 Wave number/em™ AHXF A4 AL EL Relative ratio of integral area/%
Peak serial number HR-Q HR-H HRD-Q HRD-H HR-Q HR-H HRD-Q HRD-H
vl 472 472 471 471 36 32 36 34
v2 536 535 536 533 48 48 54 31
v3 560 561 563 548 9 14 1 22
v4 695 695 694 691 7 7 9 13
v5 1401 1401 1401 1401 44 32 40 36
v6 1427 1425 1427 1426 3 3 2 3
v7 1455 1458 1455 1459 6 9 11 9
v8 1618 1621 1620 1622 22 28 26 28
v9 1671 1677 1675 1 681 25 28 21 24
v10 3113 3109 3112 3115 28 21 25 27
vll 3173 3169 3172 3187 53 51 53 64
v12 3235 3234 3235 — 12 17 13 —
v13 3 468 3469 3 464 3471 7 12 10 9

T :v1~4 2 450~750 om ' JEEBL AT WL A 45 1 ,v5~9 S 1300~ 1 800 om ™ B HU B A3 W LA 25 5L, v10~13 24 3 000~3 600 cm™'
TR BE A A 45 5 . Note: v1-4 is the peak fitting result of 450-750 cm™' wave number segment, v5-9 is the peak fitting result of

1

13001 800 cm™' wave number segment, v10-13 is the peak fitting result of 3 000-3 600 cm™' wave number segment.
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x71 FLE. EEUKRFLRIIM S BEDEUESE
Table 7 FTIR peak-fitting parameters of lateritic red soil and DCB-treated lateritic red soil
W5 % Wave number/ (cm™ ) FAXF R4 T AL L Relative ratio of integral area/%
Peak serial number CHR-Q CHR-H CHRD-Q CHRD-H CHR-Q CHR-H CHRD-Q CHRD-H

vl 470 471 471 471 24 29 28 27
v2' 532 539 536 535 39 61 55 57
v3' 549 560 559 558 2 5 18 16
v4' 553 570 — — 35 6 — —
v5' 1401 1401 1401 1402 34 17 34 35
v6' 1426 1421 — — 3 14 — —
v7' 1 461 — 1 445 1454 9 — 15 11
v8' 1 624 1635 1621 1623 30 54 30 34
v9' 1 686 1678 1 680 1682 24 11 21 20
v10' — 1731 — — — 3 — —
vil' 3105 — — — 21 — — —
vi2' 3158 3187 3160 3161 43 39 90 86
v13' 3222 3392 — — 30 39 — —
vi4' 3465 3465 3459 3464 6 14 10 14
vls' — 3522 — — — 8 — —

e vI'~4"k 450~750 cm ' AR BTS2

, vS'~10"} 1 300~1 800 cm' P ETBL 4TI A 45

, vII'~15"% 3 000~

3600 cm ' R BE MR AEE 0L . Note: v1'—4' is the peak fitting result of 450-750 cm™' wave number segment, v5'-10' is the peak fitting

result of 1 300—1 800 cm™' wave number segment, v11'-15'is the peak fitting result of 3 000-3 600 cm™' wave number segment.

3 45

SerE . SREEMIL, KPR RS
XF Se (V) Aoy I ¥ 25 15 T2 o B 87 W Wb A1 21
Xt Se (IV) (WPt BEAF 4 Freundlich Jr2, TR
CIHE 5 R B A ALk AT A Langmuir 778 . LBR
T AL RS, T3 Zeta AT/, HE 2 RS L,
TR ) R R IR RAR H 2T SR
B AR A A AR R AR, 10 D A AR R o 2 T
DITE BN JZ e A W0 0 R Rl s PR B ok 3, AU 7
HAERGE ik z . Wil G458 a8, +%
FEEE Fe-O0 EMARILGMLES, LA
J&, Fe-O Fk WA /b 2 5 350 W B £ B ) o 22
o Sz, Wess S fbkre B 4200, FRARAEY)
A S T R B AR
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