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Adsorption Characters and Transformation Rate of Cr (Il ) in Loessial Soil

YI Xiu

(School of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China)

Abstract: In this paper adsorption characters of Cr(Ill ) and its trend that Cr( Il ) translated into Cr( VI) and influence factors were
studied by isotherm adsorption and transform rate experiments in different layers of loessial soil that were including cultivated horizon,
plow pan, argillic horizon and calcic horizon. The results showed that adsorption equilibrium time of Cr(1ll ) in loessial soil was 30
min. Loessial soil possessed strong ability to adsorb Cr( 1l ), at the scope of study concentration that was 1. 0 mg * L.™" to 500. 0
mg + L', adsorption rate was above 89. 7% , and adsorption amount increased with concentration of applying Cr(1ll ). There were
differences existing in adsorption ability of different layer soils to Cr( 1) , in which the amount of adsorption in argillic horizon soil
to Cr(Ill) occupied first place, and calcic horizon second. These were relevant to the contents of clay and calcium carbonate. Fre-
undlich equation was suitable to describe Cr( Il ) adsorption. Adsorption equilibrium constant K could be calculated by parameter k
and 1/n of Freundlich equation, which could clear clarify adsorption behavior of loessial to Cr(1ll ). The principal purifying action
of loessial soil to Cr( ll ) was sedimentation, which was that Cr( Il ) changed into Cr(OH)3, and adsorption secondly. The range of
pH that adsorption or sedimentation of Cr( Il ) were occurred in loessial soil was 5. 68 ~ 8. 73, in which scope the amounts that Cr
(1) was adsorbed or precipitated were increased with concentration of applying Cr(1ll) . The concentration of Cr( VI) in soil e-
quilibrium solution increased with increase of Cr( Il ) concentration and decrease of pH in soil, but transformation rate was very
small, generally smaller than 1. 9% . All illustrated that sewage containing Cr( Il ) irrigation might contaminate surface layer soil,
but couldn’ t convert Cr( VI) to pollute groundwater further. Above — mentioned results provided basis for knowing well pollution
scope and degree that were caused by Cr(1ll) in loessial soil environment and establishing prevention measures from pollution.
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Table 1 The features of loessial soil profile

TR EEEE S )R /em 38 ) T R AR
| B2 0~25 TREGE RLAREE R GRS, e AT BU R SRR A7 R SO
1 RIK)E + BHH2 25 ~ 60 RIRFE A, JORES K, v A 558, A b (KT 22, 5 A0 IR SRV
Il Hifk)Z 60 ~ 120 W 0, AR 1), T3, S92 B A K 22, TP A7 IR BB,
I\ RE 120 ~ 175 IRE R, YORESHY , e, i S, A Bt TR ARG, R A7 R S
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Table 2 Some physicochemical properties of loessial soil used in the experiment
5 Gl Facia AL £ B oH CaCOs PR LB & Cr
<0. 01mm/ % <0.00lmm/% /g+cem™>  /g-ke™' Jgrke' /g-kg! /e kg™ /grkg' /mg- kg
HEZ 49.3 18.7 1.28 12.6 0.91 0.75 8.26 96.3 11.2 54.2
F)ZE + EWZ 53.6 24.1 1.40 6.9 0.53 0. 64 8.28 85.6 15.3 51.4
Hifk)z 60. 1 29.5 1.41 9.1 0. 66 0.53  8.30  32.7 19.7 48.5
B RUZ 51.0 16.3 1.34 5.7 0.41 0.49  8.32  204.9 9.7 51.2
AL T TR
1. 2.2 S5 U R 2 #EREFR

Y HIRREHEZE BURE + EHE ORLE A5 RZ
B3k 20 HIf R+ 464 20.0 g, BT 250 mL =¥k
H, 100 mL ARV L RIE] pH A9 Ce(T) (43-#r4k
Cro0s FLH) FRuEdEw, il — RIRFEMREE Cr(T)
B, AR IRIRG#R7E S (24 °C) T 2 h,
g, 3L BRI NEI 20mL, FH AR M L £
FEFARVEWE Cr( ) ¥REE . ARIEIRG A5 VW Cr
(I ) e J3E 23+ W
1.2.3 Ce(ID 5 Cr(VI) Z[AFEALRIR I

FH 53 #r 2 Cro05 FiC i ¥ BE 43 51 4 1.00, 5. 00,
10. 00, 20. 00 50. 00 100. 00 200. 00, 500. 00 mg *
L' CrCID) BRUEE B, 43 B0 2 13 AS ) o o
W pH (B & Cr( VDR BE FREL 20. 0 ¢ #FZ2 LA T
By, BT 250 mL = AT, B 100 mL F RS [V
1) Cr(TD) FRUEEIE, P85 R IRIRG AR fE = (24
C) TG 2 h, i, e JE Cr( VDR o Cr(TD xR
HEVS VR S IR Cr(VD) YR BE I T R a e — Bk bb €
P U, MRS Cr( VD) BM R 220 55 1h
CrCI ) e B () HE AR B o] >R H B AR

2.1 EAMEED () B FESRERXR
MR PR B Cr () PR RSP A7 7 0 45
AE W, Cr(ID) B A 35, REIRG KA Y
Cr (1) 57. 285 W B 47. 14% 5 Bl P35 B 1) 1) ZE 4, W%
BRI K, 30 min YRR K T 111. 4% , 30
min Ji , BRI [A]A SE S, W2 B 232384 N 2812 o A 30 min
F| 3 h Z [ WERPR HEEK T 0. 16%, W3 3. ME 1 H
AT LUR B RS ] IO EAIR IR 2514 T, ¥ +
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Figure 1 The curve of the rate of chromium (Il ) adsorbed with time
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Table 3 the relation between adsorption equilibrium of chromium () with time in loessial soil

Fe Cr () e Bh)Z T HEE bR PRGN ] S Cr (D) Yk 2 S
/mg + L~ /g /mL /min / mg- L7 /%

100. 00 20. 00 100. 00 0 52.86 47. 14
10 17.48 82.52

20 6.93 93.07

30 0.331 99. 67

45 0.224 99.78

60 0.242 99.76

90 0.183 99. 82

120 0. 134 99. 87

150 0.211 99.79

180 0. 169 99. 83

PR3 ~F- Ml vk I A 3 1k R AN [R] )2 X Cr
() fh 45 I Bk, 45 2R ANk 4 w8k b i
Xt CrCID) MR RE 3 AR 58 , ZEBFTE MR B IR A, AT
2 I B R AR AE 89. 7% LA -5 WA V5 YWk BE 11
FER, W B A, R M AR A 2L o —
S ETVEZ . R LR CrC(HD) f MR B

RE Ll A AR, HroRs AL 2= B I s, HROh
PRUZE, X 58 2= 0BT FOCHR AR S A
K, [z L5 CaCOs FERIECR, WS FR)Z
HikL i B A, (H T CaCOs & i ARy, PR T B
RAE 4 D HEPETE AL

Tl e b s T MR B R AR 2 i

F4 HIHTBELARLESN (I WERRMIRIGE R

Table 4 Isotherms adsorption results of different layers in loessial soil

1K pH 8.73 8. 46 8.21 8.07 7. 64 7.35 6.78 6.27
fA Cr(MDKE /mg - L 1.00 5.00 10. 00 20. 00 50. 00 100. 00 200. 00 500. 00
B2 AR E /mg + L' 0.082 0.131 0.179 0.182 0.351 0. 402 0. 801 0.986
WL B/ g - g 4.59 24.3 49.1 99. 1 248.2 498.0 996. 0 2495. 1

eV 91.8 97.2 98.2 99. 1 99.3 99.6 99.6 99. 8

RIRE + 2H2 PR /mg - L 0.103 0.185 0.281 0.284 0.452 0. 498 0.539 0.617
W g - g 4.49 24. 1 48.6 98.6 247.7 497.5 997.3 2496. 9

W B 2%/ % 89.7 96.3 97.2 98.6 99. 1 99.5 99.7 99.9

Kifb)2 A /mg - L 0. 060 0. 095 0.127 0.143 0. 154 0.395 0. 439 0.573
W R/ g - g 4.70 24.5 49.4 99.3 249.2 498.0 997.8 2497. 1

eV 94.0 98. 1 98.7 99.3 99.7 99.6 99.8 99.9

) AR E /mg + L 0.073 0.112 0.111 0. 162 0. 200 0. 496 0.527 0.612
W g - g 4.63 24. 4 49. 4 99.2 249.0 497.5 997. 4 2496. 9

W B 2%/ % 92.7 97.8 98.9 99.2 99. 6 99.5 99.7 99.9

A Freundlich f&#I | Langmuir PR XU Langmuir
FEHI Y Henry 8 BET FE8Y  Tth #BIH] Temkin A5
T P (VN o i we = o= B L4 PR E o <
Freundlich B RIGE DG 45 RAHAR , AHOC R B A
BB FZ K (P <0.01), W 5, BRI Y oy L 3ExS
Cr(Il) AymeRfhee, wg - g ' 45 € WRRHP AT TR
oG ()W, wg - gt k MR/ n Z488, Van
Bladel 45 "1 S k WA, C R PHHIE, 1/n
SRR T . 1/ n MRS T3 RY Z T s, L R
W2 B 3 55 o AR IR Freundlich AR SEL kAAHA 1/ n
AR R R A K (K = &) fE ), ] DU

b ) B 8 P 39 Co (T ) A9 PR BRRAR 250 o
2.3 pH X E M1 Cr(1D) BIMRBT I (E AR
G =1 o S 77 N [ 7 2w 2 ) [N L B )
Cr(I) 4l (WIHAHE Co=10.0mg + L', I pH =
3.91), TEZ I R E M 48 h, 2238, A At —
JIEAy 6 EE T (23 ) I S Cr () VR B
PRI K A e BRAL T Co(T) KRR - 4k
AT YRR
T 6 Mg R A, SPArE R ) pH (B R
- b B 3G 0 R, RS ) G W) pH A
(3.91) ; 49 4 Ho/NT 400: 1 0, SEA80H Cr(I) Ay
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Table 5 Isotherms adsorption simulation model of Cr( 1) in loessial 7 2 Cr (D) PR [ i 2 575 i g
soil = 6 23 ﬁ
= 3.4 ¥
Freundlich B8 ; gV = lgh +—— - 1gC ’ %’39
undlich F18 ; =lgh+— <
e reundlich A1 g gl n 3 4 A A n . L 1 0.4 5
k 1/n r 50/1 100/1 200/1400/1 600/1 800/1 1000/1
L(FEZ) 2715 2.477 0.9803"" WL (nL/g)
H(f#f}z% +ZHZ) 5821 3.309 0-976. 3" B2 $ELRFERS Cr(I)RER pH SHLILHXRE
AL 2 4 2.32 . o
(Hife)z) 893 325 0-966 9 Figure 2 The curve of relation between Cr(1ll ) concentration and pH
IV (55F2) 6 051 2.419 0.956 9"~

We g, Y Ce(I) I VBOARSE ATEIAH B H R, 4R
J& 5 B WA RN, PR Ce (L) v J32 32
Hom, e EEERIEE R TR Ce(ID) ¥REEH 10. 00
mg + L= AL Cr( L) phy WAH S A1 AH ) 3 320 1%

F 6 AEKELIER pH THIE LEXT Cr(1) BIRFE
Table 6 Influences of liquid and soil ratio and pH on cultivated

horizon soil adsorption to Cr( 1)

W+ pH  PHr Cr(N) W Wi UGS
/(mL: g) /mg + L~ /pg g /%
50: 1 7.16 0.478 476. 1 95.2
100: 1 6.67 0.512 948. 8 94.5
200: 1 6.25 0.634 1873.2 93.7
400: 1 5.68 1.072 3571.2 89.3
600: 1 5.43 2. 104 4737.6 79.0
800: 1 5.31 6.731 2615.2 32.7
1 000: 1 4.70 8. 105 1892.0 18.9

SR TP b Cr (1) MR BEEAR L
Mk, vDKs Cr(ID) 58 M 430 S bt B 4rh =
BB B — BB R pH #E 5. 68 ~ 7. 16, RHUTTELE
o Em S, Ce() BL Cr(OH) 5+ nH.0 JEX MK
RS 3| e, 4k leBr- 28 BV i v
Cr(IN) ¥ EERAR; %5 BB pH 7E 5. 31 ~5. 68, AT
UE — BH B 724 B 2[R 4R T i s A, e s — 4~k
H ST, BIUCTE PSS , T W B A 328 fin i, 181 T
WA Cr(T) HeBERS R ; 55 = BB pH  <5.31, HH
B S E A E R R, IR TR He g,
PH 25 22 400 W B FH 2 sl 55 , Cr (1) 45K 2 8RR HE
FIERAR T, WA 2, FiRSE R FEN, Cr (D) 78 135 -
R K &R 8 K A B AR T 32 B2 BT e /R AT AR
B AW A T e AT TR AR R/ G T A
Z ) pH 1

BT met:, HE&AKREMmRE, m
Cr(OH) s FUIE BRI (Ksp =6.7 x 107°1) , 24 Cr(1)
PEA LIS, BEME R EAY Cr(1D) P Cr(OH) 5 AYFE U
WARERS 2 L3 [RlB, 3R A 2 16 R XK

and ratio of liquid and soil

H Cr(TI) 77 A= P S F-3c 3 BV E T, AT e
A T, (EASXE DAy 5 e i T K o] LK 5 4 Cr
() e i) = 220 A DTIEAE T IRV E IR Z o

H1 3R 4 ATLUE Y, 7248 IR MBS0 /Y pH ¥ [
6.27 ~8.73, W AR LZXF Cr(I) 1M I A0
89.7% LA I, BRI A-PE 3T Cr(I) (MR RAETZ
pH JE P 58 4Bt Cor (T ) 3¢5 R 388 R i B8 K

AR 6 MLERFEM, pH <5.68 Bf, # X Cr
(T ) vz A 2 22 ) R R, 89, 3% R 43 18. 9% , Ik
B % Cr (T F4 R B 9 oK 58 4 52 VR BE S i)

ZRAER 4 M 6 MZEAL, AT I E B R
Cr () W B s & A= DL3E Y pH B R 5. 68 ~ 8. 73,
TEME pH JE RN, Cr( M) M B B8 4 A DTTE 1Y) e Bl
JEREKIM 2 TS i, Ce(I) TS9Pk A B 4
TG TR, R BAERIZ,
2.4 Cr(IN)E4LA Cx(VIHy#aS

BRI EE, 8 Cr () 7T 4% — Ak 5 S5 481k
PEY) ST AR AL, 0 AT 4 - ST VR T VS A SR 18 S A
Cr(VI), {BAEH Wi 3% pH il Eh 2008 T, X FpgEAS
BAGN . AT T eI %Akl Cr(VI) i1k

MIREEZE R K 7 5k, Ce(1D) 7E pH fRBE: Y B
TR A (VD) fORTHE, HBEZE Cr(I)
WEERE N, pH B TR, R8O Cr(VDD ik
A Bm S, B RBAR, —BRANTF
1.9% . 24 Cr(IL) PR 500 mg « L' B, H4kA Cr
(VD) (I BEAL R 0. 214 mg - L', Ak 0. 043%
B T4 T R /K 5T — bR iE 0. 5 mg - L' D] o
RS (D) WYI5K, X 3)2 3506 Al Gk s
Yo AIARSHFEALRL Cr( VDX K= A it — 2 15 4

3 it

(1) B Ak ek Cr (D) 74 W8 BRT- i bsf 18] 2 30
min, HX Cr(lD) @0 BT RE S AR SR , TERTER
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Table 7 The results of Cr( Il ) transformation rate in loessial soil

Bz 14 P 1A R CrC I ) e i v B A& pH Cr(IDFRUER T Cr(VDWREE PR Cr(VI) ¥ Fetb®
/g /mL /mg + L~ /mg + L~ /mg + L~ /%
20 100 1.00 8.73 0.0 0.019 1.9

5.00 8.46 0.0 0.033 0. 66
10. 00 8.21 0.0 0. 056 0.56
20. 00 8.07 0.0 0. 089 0.45
50. 00 7. 64 0.0 0.112 0.22
100. 00 7.35 0.0 0. 135 0.14
200. 00 6.78 0.0 0.167 0. 084
500. 00 6.27 0.0 0.214 0. 043

1.0 ~500.0 mg « L=" N, AS[a] 4 2 0 W B 2R AR A
89. 7% LA I &+ HHERR A )2%F Co(I) f g B
RE TG AT AR, o rboRs A0 2 I B o g5 e, R O S
BUZ, X520k & A, Mzt 5
CaCOs 7 52 M AR

(2) & 1k HE & 2R R E , 440
A 45 RATE Freundlich ALY MR PR IZ A5 50 (1 2 5%
EAEAN 1/ n AT H5R0 W RSP A K, AT IR
T ) B 2 3R G () MR BPIR 0

(3) B xF Cr( ) ¥l iy 32 B24E FH A DTTEAE
WCRRPE IR Z o Bk 3 Co(TT) e b sl & A
UUVER) pH JBHIN 5. 68 ~8.73, Rl pH JEHIN, Cr
(T ) 4 W% B 8 e A IO TRE 1 il o 3 DR T 222 B T
#

(4) bt 25 v v s rp Co () He 3 A8 in, pHL )
TR, TSP Co(VDD) B3R A By, 5
HAEALRIRG, — /DT 1.9% o UL 42955 Cr
(D) f¥5 7K, 22 3 vl REs Bis 4, (HR &%
FERE Cr( VD)X bR 7K 7= Az e — 25 (15 G
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