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Properties and influencing factors of soil adsorption
of Cu’* with potassium ferrate assisted

Pan Meng Cui Jianguo Zhang Feng Fan Pengyue

( College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024 , China)

Abstract In the loam (A) and fine sand soil ( B) on the shore of the Fenhe River,Cu’" adsorption prop-
erties and factors that influence absorption were studied. We compared the adsorption kinetics and thermodynamic
parameters of Cu’" in aqueous solution in the two kinds of original soil ,as well as in these soils following the ad-
dition of potassium ferrate. The results indicated that the organic matter content in B soil was higher than that in
A soil. Thus, the adsorption capacity of Cu’” B soil was greater than that of A soil. The addition of potassium fer-
rate had a significant effect on the soil adsorption of Cu’". The best conditions occurred when the Fe/Cu mass ra-
tios of soil A and soil B were 20: 1 and 5: 1 ,respectively ( pH form 8 to 10,7 =35 °C ). The maximum adsorption
of soil A,soil B,soil A ( + K,FeO,) ,and soil B ( + K,FeO,) were 0.36,0.41,0.41 and 0.46 mg/g,respec-
tively. The process of Cu’" adsorption by soil A and soil B satisfied the Freundlich equation ;the size order of the
adsorption capacity was:soil B ( + K,FeO,) >soil A ( + K,FeO,) >soil B >soil A. Adsorption thermodynamics
indicated that adsorption was a spontaneous and endothermic process, and adsorption kinetics could be best de-
scribed by a pseudo second-order kinetic model ,indicating that the adsorption of Cu’" by soil A and soil B was
dominated by multilayer adsorption,and the physical and chemical adsorption processes existed simultaneously.
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Table 1 Raw soil quality
i HOURE R R E R CEC  Cu®* fr it
= (ke (%) (emol/ke)  (g/kg)
A 8.48 5.63 13.49 7.25 0.10
B 8.82 11.26 8.20 11.64 0.08
1.1.2 &AM E5ME

FEAG R IR A (w (K, FeO,) =92% ) ; i
R A 5 A7 68 R 44 5 AL B s WUER EL R RE Ik — % 540% &
W DL B2 2 D A Ml s K (DEgat) .

FEALAR 752N B AM-1] W43 6 BE s N AL
PR W ) BEPE A s HH-6 %00 AH 3 KR B g 4
-0 25250 % pH 3 (FE20) ; D2800 %I {5 455X 7»
JEOGEE T ; DRB200 B! COD %55 2 hf #i% ; COD [z if
e
1.2 SWHE

WO i pE T )5 L 10 g TR A —E &
7o 4% R B0 A Cu® " bR MEVE R 25 mL. S50
Cu’ " FRIEVE W 2L 0. 01 mol/L NaNO, ff 3 1
fif T, pH A Ry 5% B R i, JH M NaOH R HNO,
v pH B EE . 18— R T RSB

FEES IR — o W R AR 5 I UE SR WL 1 I
43 6 FE 0 U0 VR AR R R B O AR s B
SU0 R B TR 22 R T S i SER Ayl 2
M, — 4% AE Fe/Cu T i LLIMA K, FeO,, — 41K
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SEE
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TR G T B R K RZE MK B o
1.2.1 BmEFEk

TE25 C&FF,#%0:1.5:1.10:1.15:1.20:1
A 25:1 Y Fe/Cu ikt o in A Cu® " A9 3982 ph i
A K,FeO,, )R 24 h Jg il 48 Cu®* W fff 4 [
BF, LA b R 58 B 7K R IR A WF 15 mL g0
L, HE 5 000g T &0 10 min, BUEWE WS 0.45 um
(1 8, ) LU R Al 2 7 i (SCOoD)
1.2.2 %% pH sk W64 %

Cu® " ) 4 J5t 4 W& J%E O 200 mg/L, J35 Cu®” ¥
WP IR pH N 24,6 .8, 10 A1 12, W Fff s 1]
24 h,

1.2.3 BRHWFREEE

Cu’ " ) 4 ot 42t vk FE 43 331 4 50,100,150 ,200
250,300,350 Fi1 400 mg/L, W fftf:f ] 7 24 h,

1.2.4 BW#HKHFEE

Cu® " W) 03 o Vi B3 o 200 mg/ L, W A 3 5 A
20 .25 30 35 .40 F1 45 °C, W& [ B[] A 24 h,
1.2.5 SBMW3hHhF 5k

Cu® " ) 03 o vk & 2 200 mg/ L i 3 O 35 °C,
W2 BB () A B R 2 .04 .6.8 .10 .12 14 .16 .18 .20 .22
124 h,

2 HRS5WIR

2.1 Fe/Cu RELLF Cu’ " IR Bff 35 R B9 2% 0

MIE 1 (a) 0] LLFE B % Cu®* fY 1% F 5 1]
BET A+, BHEXE Cu® " B W B BE % Rk R
P 1 15 0 A K, 2 W B B Ok A R R
J& W Cu® By BE R Fe/Cu 5 5t BE i 38 i #a
V2%, LTI, A AT B xE Cu’ g B Rk #)
BRI, A i fE Fe/Cu BT it I, 20 50y 20 1
51 0LHE, Cu® " WL B & 43 51 & 0. 40 mg/g Fil 0. 46
mg/g.
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Fig. 1 Effect of Fe/Cu mass ratio on adsorption quantity of Cu’*
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FINGY T LD o oo B I B 43 o i 348 K, A 1) /7
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L Cu® " I i3 2
2.2 pHxt Cu*" R RAIE MW

HiPE 2 A 0L, SR Cu®t (W B R %5 pH Y
$ R 2 1 6 o K 0, 422 A T 8 8 0 S
FEA% . MU pH 1 2 ~4 S N E, L3606 Cu® " 1
W B ARG s pH 7E 4 ~ 8 S [l P, W% B 2t 8 3
pH 7€ 8 ~ 10 i [l P, W Fff 2 S| A, A - Q > 0. 35
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Table 2 Significantce test of adsorption

W B i (mg/g) R N
I H Fe/Cu Jfisg [t Fe/Cu fEE I Fe/Cuffiglt Fe/Cuffidglt Fe/CufEEIL o -

S H i 2 t{d
5:1 10:1 15:1 20:1 25:1

A+ 0.385 0.390 0.393 0.399 0.393 0.392 4.358 x10 3 46.973
B 1 0.458 0.455 0.451 0.448 0.447 0.452 4.206 x10 3 47.645
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Fig.2 Effect of pH on adsorption quantity of Cu’"
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Fig.3  Plot of adsorption isotherm
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Table 3 Parameters for fit equations of the adsorption isotherms for Cu’* in different soil

Freundlich J5 &

Langmuir J5 &

+ 5 K;(mg/g) n(g/L) R? Q, (mg/g) b(L/mg) R

A+ 0.012 1.267 0.957 1.260 0.012 0.849

B + 0.015 1.240 0.961 1.462 0.014 0.843
JMA K, FeO, [ A £ 0.019 1.225 0.968 1.612 0.018 0.850
JmA K,FeO, /) B + 0.024 1.205 0.966 1.852 0.023 0.815
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FEULE Langmuir 75 B2 (19 40 & A6 OC R 800 K,
Freundlich J5 F L & &R BB 47 o X Ui B, 76 + 4 0%
Bt Cu** it R Z R R 1 & . i K, R n
A DA SRAE R B 68 7 R B S R, Sk T 4 R S
MR A Y R ) K, R R A R, i B
K, .n L Q,, BB Lb A8 AT A5 21 0% B 68 ) | 55 R W F
R /NHER N A K, FeO, 9 B + > fin A
K,FeO, i) A + >B + > A £ W B 5 19 K /NHE P
HN:A + >B + >ImA K, FeO, 1§ A + > Jin A
K,FeO, 1y B £, Uk B 2 F 4 18 (1% 0 B4 T 7 o,
T R Rt K I R SRR B BN . B X G Y
W R RE ST R B S F A 2, HmA K, FeO, J5 19 M
Fift - 3EX Cu® " A R BAERE 7 BU T R B A BT 1 i
Cu® ™ e JBE % YT 388 K, V8 3 TP I B T iR B O iR
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Bl AT, Cu® B i3 A 9 P9 FL B, I s
A7 LR R M, OAS FEE n
2.4 GEEX Cu’' IR R B0
AR E T o Cu’ ™ i W B 1t A8 1k & 4,
F 4 0T L Bl R A R, X Gt R
HBEH R, PE 35 CUUR W EM K, i 35 C i
TR/, BT LA 35 °C J2 e A W FFH IR 2

0.48F
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Effect of temperature on adsorption quantity of Cu’*

Fig. 4

T E Co’ T S BRI S S EGEE AR
W

K =0Q./¢C, (2)

AG = - RTInK (3)

AG = AH - TAS (4)
In(K,/K,) = AH/R(1/T, - 1/T,) (5)

A KR 805 AG DRy 35 A 3 bR 302 (k) /mol )
AH %578 (kJ/mol) ;A8 7% (kJ/ (mol - K)) .

AR LA B 2% 3R A A1 T A W B 4R 2 2
B4 mR 4w AR E T, 3R A i
PRHUIE AG /N TR A, BT LT Cu® " Y
Wb et B AT D, HOBE A I T, AG 4 XEHE
WEOR R B o i B R R AT AR PR . kG S AH
BRTE AT 40 kI/mol, 35 W] 4 HExF Cu®* 0%
it 2ok A e MR AR e A T L 22 W RS e T B R R .
A AS BRTE, L] LI Cu® i B, K
TR W R A PP R AL

F4 FRBETHRHANFSH
Table 4 Adsorption thermodynamics parameters

at different temperatures

LR AG AH AS(KJ/
11
(K) (kJ/mol)  (kJ/mol)  (mol - K))
288  4.350 -3.520
298  5.125 -4.048  11.688 0.053
At 308 6.096  -4.628  13.248 0.058
318 6.149  -4.801  0.698 0.017
328 6.202 -4.976  0.746 0.017
288 8.773  -5.200
298  9.748  -5.641  7.516 0.044
B+ 308 10.301 -5.972  4.213 0.033
318 10.648 -6.253  2.694 0.028
328 10.760 -6.479  0.914 0.022
288 7.28  -4.754
MA 298  8.411 -5.276  10.294 0.052
K,FeO, 308  10.497 -6.020  16.902 0.074
AL 318 10.699 -6.266  15.507 0.025
328 10.802 -6.489  0.833 0.022
288  28.186 —7.994
A 298 29.943 -8.421  4.314 0.043
K,FeO, 308 30.098 -8.717  0.395 0.030
B+ 318  30.255 -9.014  0.424 0.030
328 30.414  -9.312  0.453 0.030

Wt L Y T R, G T I DR i T
T B Cu® " i) 3 Y AL BUEE RS L AT
TR HIC Y~ 0 % TAT 1Y W A A2 4K 2 W B Cu® T, R G, IR
WA 5 2% 3 T e 5 R A R T, R i A W
PR LB 3 T o R ol A e R
A R B R A, LM 5l 2R R RE ) R R R T b
X Cu® " A W B S5t LB 25 02 T 8 3 2 TR I R
TN R B R B KA 2R BEAE L IR AR T R
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2.5 EHEX Cu’ " R BH R #9500

TR IR DA Cu® % o 2k SR A 5 i) DL PR 5 Wi i
Byl . mE S Ca) AT, FE W) BRI, Bl 4 B[R]
FIRY 185 00T, R B M0 G T 5 A T K ) 3 o 8 R
RS B TS RN AE 24 h I AR Gk B
S IR IR BB A 230 R At @, (exp) =0.36 mg/
g,B+ Q. (exp) =0.41 mg/g, Ml A K,FeO, A9 A 1
Q.(exp) =0.41 mg/g, A K,FeO, 14 B + Q,(exp)
=0.46 mg/g. 55l Lagergren #E— 23 J1 22 J7
& Ho W =2 5l )2 7 T8 % 4 S m B otfy 4 i A7 4 1k
A, In(Q, -Q,) ~t WM 1/Q, ~1 HhZ LI 5(b)
()  UBLRIES,

Forb e — 030 0125 T B RIE 3 0y F 5 R 4y
%Uﬂ‘j:

In(Q, -0Q,) =InQ, -Kt (6)

t/Q, = K,t + 1/K, (7)

A :Q, o 2 B W B & (mg/g) st AEIE] (Ch) s
K, =1/0;K, =K, Q.°,

% S A, Ho HE 28 J) 2 07 B G 14 B 1
SRR BAR & UA M Q. (cal) G Q. (exp) L
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Fig.5 Plot of adsorption kinetic
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Table 5 Parameters for fit equations of adsorption kinetics for copper in different soils

. "% =
+ 4% > 2
Q.(mg/g) K, R’ Q.(mg/g) K, R
A+ 0.08 0.11 0.906 9 0.37 3.20 0.999 3
B 1 0.09 0.18 0.813 6 0.42 3.01 0.999 7
A K,FeO, 5 A + 0.09 0.15 0.796 7 0.42 2.62 0.999 0
A K,FeO, ) B + 0.11 0.12 0.950 8 0.47 3.93 0.999 7

3. 5 it

(1) B A% Co® " WEHHiE i F A £, Hp o HLIR
R AR R Cu® " I B S W) A 2 R LR
ik, RS Cu” R RO

(2) A ERIR B0, BE W5 48 & 0 A A B X
Cu W B AL o PV pH (LS Cu™ " I B 5 i e

Wl o s ) 60 9L 6 Cu® ™ MR A5 o S KK, 7 e HE 4%
B A +F1 B AR IR Y Fe/Cu i i L
HHA20:1 F5:1,pH Ny 8 ~10, B K 35 CHf, A
4B £ A K, FeO, B A £ A K,FeO, #) B +
{4 F5 AW BR300 K 0. 36 .0.41 0. 41 F10.46 mg/g.

(3) B8 A F B XF Cu’ Ay W BFF 25 i £ 4005 6
JE Freundlich 52, 75 48 A 1 B X Cu** [ W&
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ST 2 2 W AR HG b R RE 0 A e I B
KN A K, FeO, 1) B £ > A K,FeO, i A +
>B + >A +,

(4) +3 A F0 B X Cu® " W B3 B2 19 75 A i 6K
B AG <0, 4575 0 < AH <40 kJ/mol, i B Cu®* Iz
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