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Z 4 A & FEL

(1. K HETR AR 2 WFFE B , K HE 3000615 2. 30 744 A B T AL IR 55 4k , A 117000)

W OE ASRHMBHE Cor(VD) {530, R F M h b MM IX 3 Fh & K 2 A B WX 4, BF 58 %t
Cr(VT) #5252 0 R A6 3 W BT S 06 0 AT S0 45 3R 23 & K JZ A B Cr(VT) By IR B 360 45 2 A By Be—— PR il
FAF i 38 11 2 48 0% T I B, FE7E 2 h I3k B0 B SF- 45 , #4574 Elovich UG BE 3 J12% . & K 2 A BExt Cr( V) (il 25 5 W% R 45 70 437
# Freundlich BIAL 3 B R i o 72 DU IS S B b 2o &5 K IR A B Cr (VD) 1Y W B BE I iy <8/ 9007 AR UCCh 2D | o
b R B2 Co( VD) SRR AW A 0.1 mg/L, 5K R A B 10 g ZHAD I, 3 51 B IO Jf 2 22. 67 % , I B ARG, 32 A
X3 FEIKIZA BN 5 W Cr(VI) B BEH Cr( V) BEA M T /K JG A 55 8 & 7K JZ A S50 A B, T2 7 3t 7R 7K o Bl =2 3
8, 3 O B {5 4

KB SKENT C(VD)  WESi e SRREH TR

hESES X523 XERFRIZED A XEHRS 1673-9108(2016)04-2071-06

Adsorption characteristics of Cr( VI) in aquifer media

R . . 2
Li Yin' Liu Yu' Li Changle
(1. Tianjin Hydraulic Science Research Institute, Tianjin 300061, China; 2. Benxi Land Service of Liaoning Province, Benxi 117000, China)

Abstract Based on the typical geology and the pollution of Cr( VI) in Tianjin,three aquifer mediums of
fine sand, medium sand,and coarse sand were chosen as research materials to study their adsorption kinetics and
isothermal adsorption of Cr( VI). The results showed that the adsorptions of the three aquifer mediums to Cr( VI)
included fast and slow adsorption stages. Adsorption equilibrium was achieved after 2 h and conformed to Elovich
adsorption kinetics. The adsorption isothermal model of the aquifer mediums to Cr( VI) obeyed the Freundlich
model , which indicated that the adsorption process was mainly uneven. The adsorption capacity of fine sand to
Cr(VI) was the highest. However,when the initial concentration of Cr( VI) solution was 0. 1 mg/L and the aqui-
fer medium was 10 g of fine sand ,the maximum adsorption rate was only 22.67% ,which showed that it was diffi-
cult for the three aquifer mediums to adsorb Cr( VI). This means that Cr( VI) can be intercepted by an aquifer
medium after it has entered the groundwater,but flows in the groundwater can cause long distance pollution.

Key words aquifer media; chromium( V1) ; adsorption kinetics; adsorption isothermal; groundwater

T K K 12 T A R Y5 S RO U T 9 FR 5L Cr(OH) | 5% Fe Cr,_ (OH), W3, Cr( ) tofk
s T T 4 TS e T A O BB TS e WE R WO HLA T AT W R 4 2, R e, R X AT
PEIS g  BUBEE RIS k2 R e aeh, B HES Cr( VD) 76 - 58 % R K b i T A # AL
B T ARG WA A R AR S R R WA T E A L AR X vk B
AN U B A+ 5, KA 1 M F K E R, HEFEE TR R R K HEAT SR AR E , & B h
W (K4 IR) 4 BT, DR B IR AR 2 362.93 mg/ke, My T K Cr( V) W B ik
IR — R R E R E N, R T 5226 mg/Ly T AP Rk R 1 e ] B T K B
WIs Y EE TR 2, EE R TR g ) FPRIIERIT PR Cr(VD) HEAESO ~ 75 mg/L; 3R
HOED U T B A R R g kY e ey B2 LR I B R K IRORE A5 Cr (V) ¥
Cr(VD R Cr( )2 R, soehos ik ey —————

R o B HEEWMB . KEEdKSs B I H (KY2014-03)
R (A PRECRBOR, I 78 LR T K 2 e o014 11 25, 1T B 2015 02 02
FE57 B A Co (VL) B WL B RE T ARAS, I L gy 2eh8 (1989 —) , o, 1 R 5 A 0 £ % R K
Cr( VD) R A R S M Ce( D) 1RZ TG RE BT TE . E-mail:465481101@ qq. com
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JiEJy 0.43 mg/L; #5541 3 5L 8 8 5 e 0 F K
IRUREII A2 %2 B, Cr (VD) ¥R 5 15 150 mg/L, FiF X
BT K Cr( VD) 3R B35 6 mg/L; 4 9 25, K%
S A 3 b S T R B 1) 1 38 v S A ELE 9 950 ~
19 321 mg/kg Z 8], Cr( VI) &8 7E 1 627 ~ 6 527
me/ kg 2 [F], 9378 48 3 [ 3 T 7K BR555 J5 E AR o b V
KK AR E (0. 1 mg/L) DL K+ 38 BR 85 5 b b of, o
UL 7 e e R o T, A R

H A G T 8 4 8 4% (VD) (0% BFEBF 52 2 48 v 7
s T s AR L AE 5 K2 A ST AR i 0 B
AE T 5 7K 2 STt 6% (V) By W2 B At v i A
R K IREE T B AL T B R 2 — i, A
BEFEH T S A2 A ot Cr(VI) 90 B . AR 4 R
T M R A K SCHE TR L, 5 K 2 25 R A R D L 2
W PRSP RS oL AL DR, AR B 5 3k
PEANRD b LD 3 Fb IR & K 2 A B 42, B
FEHRT B 00 0% B E o 205 S g A T R TE L R 5 K )2
(3 T A AR LB SR, 4 1 75 T B 1
K2 B O S A S AR SR R T R
Hi R 7K R I Y T S B A SR B R

1 #R57F*E

1.1 FELIHME
AT UL 43 060 BE 1 (TU-1810) , 7K 3 1 i i
i (SHZ-88 ), pH 1 (MP523) , i R 5 X T J4 4%
(DGG-101-1) , &5 X AR 3 &5 .0 HL (LD5-2B) , L K
-, b AR SE AL (3H-2000)
1.2 SW#r

ARSHG R 3 RS [6] 19 & 7K 2 BT, 3 00 o A
Wb RRPFIRLAD . AR HE 0 TR AR HE) (GB/T
50145-2007 ) 3 B 3 B & 7K )24 B i ki A2 5 L, el Ll
2 T AR 4SO 2 5 7K 2 A BT Y e T AR, IR
e S s o R N =B i N R 5 g
AR P2 PE T LR 1,
1.3 ZWAHZE

R A IR i T Ml 7K A B R AR LA B S B U 45

F AW AETRE 15 °C ¥ pH {7 ~ 8 AR
BT 24T Cr(VI) M R 52 55
1.3.1 BHW3hHhF 5Lk

STAIFRICI0 ¢ A b b M T E T
150 mT. JHLZE B 1 HETE v, 1o 5 00 9 i rp i A R 32
9 1 mg/L ) Cr( V) % 100 mL, T8 4k 7 4¢ ©
B4R 10,20 140 min,1.1.5.2.3.4 f16 h, #iE
YW= R 200 v/ min, J%35 45 5 WOV 75 W1 0. 45
pom AL A U WA AR B, T R A R W ol
L (GB/T 7467-1987 ) Ml i& & Cr(VI) MR JE
1.3.2 S BRAWEE

FREL 10 g By 20> h b M T 10, 0 0l & F
150 mL H € B 148 0 b, 715 43 50 ACAS ) ok i
Cr(VD) % (0.1.0.5.1.2.5.10,20 1 50 mg/L)
100 mL, FEIEIRZ o5 L L 200 r/min #E 7% 24 h, B
HE P e D, T R Cr (VD) MR

2 BRSR

2.1 Cr(VI) KW B 3h f1 2 454E
2.1.1 ARENF Cr(VI) 8RB AL A%
4 AE

W B B 2 S B ) BB H R T f# Cr( VD)
FE B K JZ A T 1) W R AR A DT Ay 2 — A 1 W% e
I 56 A S W RSP 87 ), 1530 R B, 0 W 3
A TR

C, - C) xV
mpg e = o (0
mx = " 009 (2)

K € HATE I Cr( VD) W (mg/L) 5C Sy W it
A IR Cr (VI B (mg/L) 5 W 2R BEIA 35 K
JZAN R BR (g) 5V R (mL)

WG 52 5 7 6 1R A TR K R A B
Cr(VI) By B 2l g 27 S50 45 51, 22 11 3 /K 2 A Bk
Bf Cr(VI) B3l Jr 2l 2, WA 1.

ML AT DUE S dia o i AHLED 3 Ff 25 0K

R1 SKENRHMEBHLZMER

Table 1 Physical chemistry indexes of aquifer media

FKEN TR FifE (mm) AR TR (m*/g) HE (g/em’) CEC (emol/kg) pH
an 0.075 ~0.25 6.04 2.67 6.80 7.757
o 0.25~0.5 3.90 2.62 5.13 8.042
i 0.5~2 2.54 2.64 4.73 7.875
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%4 2 ARAE A IKZ NI ST Cr(VI) B W B R AE
1or (5) =W S e
09T 11
08} — - — = K.t (7)
07 Cl CO ?

O(ug/g)
[
wn

—— 4 >
A

02F
o1k —— &
00 1(‘)0 260 360 4(‘)0
I 18)(min)
BT TR S K2 S B B Cr( V) /9 3 ) 2 i 2k
Fig.1 Adsorption kinetic curves of Cr( VI) in

different aquifer media

JEA BN Cr (V) B W B il Bsf 8] 9 722 £l i 35 5 A £
F— 3, BVRE & B ] A3, & K2 A X Cr (VI
(%) MR S 328 T 488 K, B S 3 B R B AR A . A IR
B IE R 0o 2 A4 B B« bRk T i s R % 08 T B B
B FESCER 2 h L, KR A RN Cr( V) B B
YEFRAR TR, Bl 2 1) 18] 79 ZE 4G 2 P sl 38 K B #52 h I
FEAS TR B W B 52 h 220, MR R 22, B
B I [] B FEAT A Ce (VT MR B AN BT I8

ANEY PRV FIRLED XS Cr (V) #8F-fi W B 73531l Sy
0.87.0.73 #10.47 wg/g, B 400 > Fiib > M,
2.1.2 BRWHHHFHER

GRS LI PIE N - S 5 DA N
Tl )14 5 2 (Elovich U5 R OSUR BUH R 5 R
o

(1) Elovich Y J7 .

Q, = a + blnt (3)

(2) BUH BOE R T2 -
InQ, = a + blnt (4)

(3) MLy BT 7 -
0, =a+h? (5)

(4) =% sh )12 i i .
In(C,/C,) = K1 (6)

b

Kr:Q, Hy o BFEKIZ A BOwt Cr(VI) B0 B & g/
g);C, Jpt W Z] Cr(VI) ¥ EE (mg/L) ;a Fl by FE 7Y
SRk AWM HORR (g/ (g - b)) 5K, FIK, Ky
— % PR FE () .

BN BRENUAE SR 2, K2k
A LU, Elovich % J7 F A SUR $0H 3 5 f xF 3 B
TIKEAN B Cr(VI) B HLA ROR LA o Elov-
ich J7 FEFRUH i 2 07 B 138 & T AR S A g 9
AR, AXT Elovich #1Jy U4 45 R 47, a] W& /K
JEA BN Cr (V) 1 W B ask R AN J2 a7 B 1) — SR R L
T2 Fh I B RN T L A A R
X5 SCHER 21 ] H A o i 3 i by RS = AR b +
X Cr( VL) By B 2l g 22 85 35— 3, i 5 Sk 15 ]
TKFE & ik 2138 A5 L HE AT DR R 207 B4R 15
A RS AR XE T B ) O R R X — A5 R
[F] o 3% Ud AN [ 26 B 5 K 2 A B 2H 0 Fe R AR
pH {4 AN [R), W B 2 g % 5 B AN T8l o R G, %
T[] Ml DX A% 75 G 1) v PR, % AR 4 2 b S PR O
ST AR L E K Z A B Cr(VT) W B3l g 27 J7 72
7R FEXF Cr( V) A M BERRAE | DA T 38 21 42 ] LA SR
LIRS ERTIODTS

FKZEA B Cr(VI) 1 Elovich #1757 #2445
thnlsl 2 s . A Elovich 814G #h £ ay UL B,
3 b K JZE A Jo 1) R B 3 3 e R B 0N 1 IR A K
Y D ALY, X2 BT 4D AR X T AR A R
BN, LR T AR B, 1 b R T B R, 55
e f A UM T A A A T RS e
2.2 Cr(VI)#% iz WM s
2.2.1 A KREMNFA Cr( V) 69 5 5 R i 4% 4E

F S5 56 B804 22 i A [m] 5 K 2 A Bkt Ce (VI 1)
W B 5 ) A ok R AR AR G FR Ml kL A5 B S KR A
Jx; Cr( VL) 1 55 3 W B th 2k, &l 3 fivzs .

BRENEX Cr(VI) WM N ZFRRMESH

Table 2 Fitting parameters of adsorption kinetic equation of Cr( VI) in aquifer media

ook Elovich %47 i XU B AT LRy —WEh N s R
A a b R? a b R? a k R? K, R? K, R?

41 7 0.0262 0.1463 0.9071 -1.48 0.2375 0.9309 0.3375 0.0322 0.8672 0.0021 0.6985 0.0002 0.7316
i F -0.0058 0.1436 0.9144 -1.9205 0.2987 0.9096 0.2648 0.0298 0.780 1 0.0023 0.541 8 0.000 1 0.604 6

-0.2251 0.1154 0.8970 -3.8086 0.5419

0.8823 0.0241

0.025 0.7859 0.0044 0.5226 0.0001 0.614 3
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Table 3 Fitting parameters of adsorption isothermal

model of Cr(VI) in aquifer media

Langmuir %1 Freundlich £ 1

FKA R
K ', R? Ky n R?
40 b 0.061  21.19 0.9288 1.24 0.7058 0.988 3
h # 0.058 16.61 0.8171 1.00 0.6771 0.9878
o 0.11 4.89 0.9631 0.46 0.666 0.961
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