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Adsorption behavior of co-existing Mn(II) and Cr(III) in loess soil

WANG Yan', TANG Xiao-wu’, LIU Gan-bin'

(1. Faculty of Architecture, Civil Engineering and Environment, Ningbo University, Ningbo 315211, China; 2. Research Center of Coastal
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Abstract: Heavy metal is one of the most important pollutants in soil, and heavy metal-combined pollution is the most common
form. Behavior of Mn(Il) and Cr(IIl) adsorption in loess soil is studied through a series of experiments in laboratory.
Adsorption of Mn(Il) is found to be inhibited in Mn(II)-Cr(IlI)-combined system and the adsorption capacity decreases by
14.6%~46.5%, while adsorption of Cr(IIl) is basically not influenced. Mn(II) adsorption agrees well with that of the Langmuir
model but not with that of the Freundlich and D-R models, while Cr(III) adsorption still agrees well with that of the Freundlich
and D-R models. At pH around 5~7, removal of Mn(Il) becomes more efficient, and that of Cr(Il) becomes less efficient.
Under alkaline condition, Cr(IIl) is almost completely removed, but Mn(II) removal is inhibited greatly. The physical property
of heavy metal (i.e., hydrolysis constant) and minerals in loess soil both are found to play important roles in adsorption of Mn(II)
and Cr(II).

Key words: manganese; chromium; combined pollution; adsorption; loess soil

0 3| =

4R s R h R B AR —, K
LR E SR AATERIE ., RS, T
TR L PR AR S TR, RS 4
T 5 TP A P A, ELHE BB K K B i) T
FOMERES 0 fe BRI R . B RIS LR <
— TR R, 5 T R v e
T, (ELRIGRGANIA “+ 17 k) B
—AMEFIE LB <R R

AR 4 Y TSR D R 4 T 2
ARG AT E A, MBS A
Yoo WTFR . VIR, BOKUERE. V5 R

ST ARMYAE P Bl I E - A 4 5 A5 e L
BN TR B B R R, — K
SHEREBAS R, Sl AR A A RN
5 7K Z5G HETBObRUE 0 VB 1) e v SR VR HIETBOAR 2 A
1.5 mg/L, M4 HERBR A 2.0~5.0 mg/LY,

EE PTAE R AT LA LA A B AR, BT
TR R A RE ), A N R
Pb(11). Zn(Il). Cd(I1). Cr(IIL)%% Ims bt GE 485,

E&WE: ERARRAIETH (51308310); Wiild HARR#HE
JiH (LQI3E080007); T HARFI#HATH (2014A610105);
TWNRERBIRESIE (XYL14019)

s HEA: 2014-09 - 14



1498 a5 oE L OB ¥

2015 4F

SR Bl DTS, 7 T G S A ek
A, EaEZ B WAL R i E e R
ARG IRAF R, BB B ) LK S
PEA—E BIHIC . R
BRPRFPEREAT AT, JFX i — e S v A B
PUEEHEAT T VRN OB Ao s JE it b ik
DR AR R SRR AT L R BRI RE AT
WL, RATSER N N, U E S R A
TR RS VAl i A AR ERE 22 I 225 1K 8

1 Rl E5RERZE
1.1 RIEw Y

TRIG T FH )3 1ok A VG 281X 5 T, B E Rk
DL 5 m I EEMORI 7y, 2 0 Je AR DU 2R g 3 1
FeB T G 3 BT 105°CHEA T 24 h, FRAEE
FEhE, 1 0.25 mm 0, RIS B LG AR R R R
& TR : Si02 A 63.68%, AlLO;s
H 12.77%, CaO 4 9.56%, MgO Hj 3.14%, K,0 K
3.01%, Fe,05 4 2.74%, Na,O 4 2.35%, FeO A 0.89%:;
HILASH: HHIR N 5.5 mygg, LLEHN 275, Lk
AN 24.1 m¥g, BHES FASHR N 11.2 cmol(+)kg,
PHua 49 9.5, pHpoe 41 2.82. 435K 3.602 g [f) MnCl*
4H,0 F1 5.124 g (A CrCly*6H,0 (pHralisss) %1
1L LB /KPR 1gL 1 Mo(IDERR 1g/L 1)
Cr(IIN# W BHEEA 204 %6 H 0.01M [MAHIRR
124 h, SRJE B FKMGE 3 .
1.2 ZHiRRHHAIE

5 41 Batch 1RX%H THFFEAN AR AL Mn(1D).
Cr(ITT)F A7y 76 35 LR T W AR, 520 il e oAy
5C. 15°C, 25°C, 35°C, 45°C. R h THIR HES
JeE B B ZE S )T, BOE Batch REEHLRE 4
JE BT AR AR TR] o AR REG  -/K BBl e 4 10
g/L, Mn(Il). Cr(IID)MAIEHAFE 735 ¥ e A 25, 50,
100, 200, 300 mg/L. Rl &SNS, &
THERREIR, WEEIRFE R 25°C, LA 160 rpm Fddik
24h. ARG, KR N B 2 BT i 50 ML
(TDZ5-WS, KIPUA B ML A A PR A ] LA 3000
rpm FEI B0 10 min, B0 T BT R T80
FETT (TAS-990, dbntHArid AL A IR AR Al
ST Mn,  Cr IR
1.3 pH XAk

W s Mn( D). Cr(IID)HOM 8 -+ 5N B0
Hfil 4 30 mil (IR (LKL 10 g/L, Mn(ID). Cr(III)
WRE 100 mg/L) o 1L pH ] 0.1M R RV RN
AEALBIE R, DUE T pH AR L6 i
Mn( I1) L BRCR I 5m, % pH H pH +(PHSIJ-3F,

T REA AR M, R AR ) 0 TR
PRAF PR E D 25°C, LA 160 rpm ## Hik % 24 ho
SPHTFRR Mn, Cr B EENNK VA A

AT RR KA R AP EENE, P T Batch B8 #f

BEAT T APAT IR S SR IO (R, JF Bk AT TS Ffe

D I < T (AR IR L o B X e R
B ge MLBRACR R AR
(G, -C)V

=" (1

m

R:CO_CC

x100% )

Arf, Gy Cr o E G B T AR IR L P
WIE (mg/L) » V REBINAERL (L), m ML

i (g) .

2 HRE5IE
2.1 Mn(I) Ry 55 R M4 14

K1 7R A 24y Min( 1) Cr(IID) L A7 Mn( 1T)
e b B AR h g . AR A5 R ORI, e
Cr(IDAFAERI PR, Mn( 1) 783 (10 553 R B
25— Mn(IDASLARRL #ET «“L” UM,
FprEE b B Mn( DR EREE Mn( DB K
X, JHE TR . B R AR &, Mn(1T)
(R B e T, AR AR 5 B Min(TT) A3 | |
(VR B R AR, SR 2 FH Langmuir F52
Freundlich B A D-R A7 734121,

Tr

5 -
a4l
1Y
El
=37
=
2
1
—— 45C
0 50 100 150 200 250 300

Cel(mg-L7)

1 EERFES Mn( 11)RYER 0% M # 2%
Fig. 1 Adsorption isotherm curves of Mn( Il ) in combined system
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Table 1 Parameters of Mn( I ) adsorption isotherm in combined system
Hom Langmuir 157! Freundlich 7 D-R &7
O/(mg-g")  b/(L-mg") R’ Ky/(mg-g") n R gu/(mgg)) K/(mol*kJ?) E/(kImol') R’

5C 2.620 0.230 0.9997 1.720 13.282 0.9748 3.006 0.001 -22.729 0.9762
15C 3.283 0.105 0.9888 2.046 13.570  0.6634 3.490 0.001 —24.520 0.6366
25C 4.246 0.338 0.9993 2.143 7.361  0.8261 5.834 0.001 -18.380 0.8923
35C 5777 0.120 0.9804 2.083 5.174  0.8538 8.591 0.002 -16.013 0.9026
45°C 6.693 0.105 0.9976 2.014 4.420 0.9730 10.356 0.002 -15.467 0.9947
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Fig. 2 Fitting curves of Mn(1I') adsorption isotherm data using

Langmuir model
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Fig. 6 Adsorption isotherm curves of Cr(IIl) in combined system
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Table 2 Parameters of Cr(III) adsorption isotherm in combined system

2300 Freundlich %% D-R A
B T 2 1 212 -1 2
Kr/(mg'g ) n R qn/(mg-g ) k/(mol~kJ ©) E/(kJ-mol ) R
5°C 3.450 0.177 0.9762 1.042x 10" 0.049 -3.186 0.9776
15°C 19.159 0.221 0.9748 5.157x 10" 0.036 -3.751 0.9774
25°C 103.710 0.266 0.8589 2.264x10" 0.027 -4.335 0.8652
35C 121.785 0.352 0.8899 1.618 X 10° 0.018 -5.220 0.8982
45°C 73.144 0.521 0.9777 7.467X10° 0.011 —6.643 0.9814
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