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Adsorption of Cu(II) on Synthetic Fe, Mn, Al-Oxides Minerals and Its Influencing Factors
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Abstract: Adsorption processes of Cu® on synthetic goethite, hematite, 8—MnO, and bayerite were studied by batch equilibrium at different
pH, ionic strength, temperature, Cu** concentration and contact time. The results showed that the adsorption of Cu* increased with an increase
of solution pH from 2 to 8. The threshold pH values of Cu** adsorption were 4, 5 and 4 for goethite, hematite and bayerite respectively, but, it
was not obvious for 8—MnO,. With an increase of ionic strength, the adsorption of Cu®* increased on goethite and hematite while it decreased
on 8—MnO, and bayerite. The amount adsorbed increased with an increase of the Cu®* concentration. The Langmuir model was better than the
Freundlich and Temkin models for describing the Cu** adsorption isotherms. The adsorption processes of Cu** were spontaneous and en—
dothermic with higher disorder. The adsorption of Cu** could be divided into two stages: rapid and slow adsorption, and the Elovich model can
be used to describe the Cu?* adsorption rate on goethite and 8—MnO,, the dual—constant and parabola model for hematite and the first—order
kinetic model for bayerite respectively. The activation energy (E) and the activation thermodynamic parameters (AG*, AH*, AS") indicated that
Cu* adsorption had the least energy requirement and the highest adsorption rate on 8—MnO,, while the greatest energy requirement and the
lowest adsorption rate were appeared on hematite. In general, the adsorption affinity of these oxides to Cu®** were in order of 8 -MnO,>
bayerite>goethite>hematite.
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1.1 ket

P LY FEE 7 (Goethite , a—FeOOH) . 7}
B0 (Hematite,a—Fe,09.8-MnO, F1—¥54 41 (Bayerite , B—
Al(OH);)5

80 2 BB Atkinson S5 UOVH) 5 ik A A FR X
Fe (NOs);*9H,0 50 ¢ T H¥EHEH, fmA 825 mL
ZRIB KM Z i, FER BT T 221205 0 2.5 mol - 1L
NaOH R Z2W pH 11.9,60 CHRIL 48 ho

TR S B8 Cornell and Schwertmannf) J5 %4
A% K 0.02 mol * L™ Fe(NOy); *9H,0 A F] 98 <C
i 0.002 mol * L™ A HC & 1,98 CIiLE 7 do

8-Mn0, Z & Parida 2 SEM A B 180 ¢
MnSO, - H,0 % E] 1 500 mL #E A 29 mmol * L™ )
H,S0, T, 53HL 120 g KMnO, ¥ T 1 500 mL 751
IR IFLERRE SRR S A E] MnSO, T .

RO SR Hsd M7 E S B 0.18 mol - 1L
() KOH LA 3 mL-min™ B EERE ] 0.06 mol - L
) ALINOy), T, IEARWHEHE , HEIEW pH 9.0, F
I~k 30 do

DL A B A A 2 R K I B e &
I SRS TE B AC B R T T 2 MR T H

SR G MK SR AR5 T 60 C LT B
37 0.1mm e H .
1.2 R E

FREUE B Ry A 0.1 ¢ T 25 mL SR 045
SRS AR A3 S EATIAEASTR] pH B T
SR R | Cu VR R i st [ 25 12 T 6 Cu B W B
YEF . BARZMHEEINTT : (1) AIR pH R8RS
pH 25154 2.3.4.5.6.7 1 8 (FH 0.1 mol - L~ HNO;
F10.1 mol* L' NaOH 1H77), Cu®> ¥ A 400 mg L™, 32
FEHL T (NaN O B2 24 0.1 mol - L, WK 25 L i
LRTRRA 25.00 mLo (2)AN A1 B -5 B 22 510 it
5o NaNO; W25 4 0.01.0.05.0.10.0.20.0.40 .
0.60.0.80 A1 1.00 mol * L™, Cu> ¥ £ A7 400 mg - L™, #ii
BER 25 °C, ANRTRR pH, BTN 25.00
mLo (3)SEURM IS . TR IR 25 CCH 35 ¢,
Cu? ¥R BE 439158 0.10.20.40 .60 .80 .100.200.400
600.800 F1 1 000 mg L™, NaNO; ¥ &4 0.1 mol - L7,
AR ZR pH, A WARTR 25.00 mL, LA | 3 41
W BFHR S A B[R] 34 R 24 h, BIMEEIRS 10 h )5
FHHE 14 ho (4) BN 3 1200 o I B4l R 25 C
F1 35 °C, Rl 43 558 10.30.60.120.240.
360.480.720 1 1 440 min, Cu®> ¥ EE N 400 mg L,
NaNO; ¥ JE 4 0.1 mol - L, RPHTTIAR pH, e ZA W
ABTA 25.00 mLo
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W Z TR IR AR Cu IR 5
1.3 #iiE4biE
1.3.1 FUMHS 24250

R Langmuir 7 BAILE SR, HIETH1A
(1)~3) T BFE 2 B e MR 24 200,

AG=-RTlInk,1)

AH=R[T,T/(T=T)]* Ik 1ol 1)(2)
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J6 78 (kJ - mol ™) FAE AZ (J -+ mol ™ - K, R A UMAH 4L
(8.314 J*mol™ K™, T NLEXHRE (K),k, N Langmuir
J5 R PR AL mol ™) o
1.3.2 IGTLRERIS LI 2428
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15]
2.2 BFREXT Cor Ik M AR
F Il 2 T UL, I S 5 B R, ST R RN Rk
100 p  -O- %4kn
- JSREkT
80 + & 3-MnO,
—A- SRR
60

Cu W Bt/

Adsorption rate of Cu*
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Figure 1 Adsorption rates of Cu* on Fe, Mn, Al-oxides
at different initial pHs
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s FEMERT . 3) SEM MR I L, 76 25 ik
J& 0.01~0.05 mol - L™ JE N, = FR45 414 Cu 1Y I B
R TR AR RS B IR AL IR 0.10 mol - 1L
B, =40 Cu PR A TR Rk 2
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Figure 2 Adsorption amounts of Cu* on Fe, Mn, Al-oxides at

different ionic strengths
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T R v UL
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IARAR, B — e B IS, W B () 1S i T 0 22 12 i Tk
FERGIN, E ALY Cu W B 3 R R A, SR
Cu FE A 1T S I S T ARG

JURP AL AH L, 8-MnO, X Cu?* 8 W B 5t 8 T
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TR R AT IR B A T AT R FR R, 40 mg- L LA
U =IRERA AO R BRI T AT R R RS AR
BRIRTTE R, G B Cu> MR8 T ol ik
W8, G A SCRIBT TS SRAH L ENIE

53510 H Freundlich Langmuir A1 Temkin 7772,

X Cu e J LR AR T W B SR R AT T PG, 45
RUWFE 1o 2 1 TR, 3 FhB I R A A E
REGRE) T K (P<0.01), DA BT THRREAR &
TR E AR Cu IRBIHRRIE . 7E 3 RO R 7y FE
Langmuir H RIS RCRELS, ZAEAIG ) Cu i
KA BEE (Y BT R 8—MnO,> = FRER A >R > ik

35S T 298 K —1 5 NI R
ol 0, AR % Cu MR BFA5 TR Y i AR — 2
L3 H12¢ 2 A 0L, JLARMEAL IR Cu I B Y LA T
> “ e ' .
P s FZHLAGC<OAH>0.AS>0, VLI EATR Cu M Fff
o : & 3R WCAFIR LR I fE . BEIREE TR L AG
g ~S N N N, J AY
T E A PR, DI EA A TR ) B &P A N IE
S g - - N
= (E SR — . LRI LE , AG By &
0 . . . . . MnO,< =501 <EHERE <IRERA™, AH IR <5 R
O W SRR Mn0,, AS MR <E < F
Equilibrium concentration E<8_Mn02’ ﬁ%%% 8_1\'/111()2 XTJ‘ CUZ+WI}HB@ E‘ ﬁlfﬁ%
. o, E EARE B 22 FLIRSLE SR, R A &1
S5 r 308 K N N 3
FEYOE T, WHERE Cu®TE §-MnO, 1A
& BiF 37N I R 5 T 5 T R AR A B, X T
= %2 SR RRULIBH CoNARNEBH
g g Table 2 Thermodynamic parameters for adsorption
f_:) :& of Cu* on Fe, Mn, Al-oxides
= Y K AGKmol'  AHAJ moll  AS/Jmoll-K
298 -20.38 2.107 75.44
0 &
0 200 400 600 800 1000 308 -21.13
A g 1 298 -20.20 0.826 70.54
Equilibrium concentration AR 308 220.90
AN Frehtke _Mn B
-O- £ @~ JREDT A 5-Mn0, A =R o 208 2149 95 1477
—MnO,
B3 AEBERZG TR G BENYIT CHIRMERSZ 308 -22.96
Figure 3 Adsorption isotherms of Cu* on Fe, Mn, Al-oxides at =BT 298 -20.92 6.754 92.87
. 308 -21.85
different temperatures
xR 1 S SERELYX C IR S RLESH (n=9)
Table 1 Parameters of adsorption isotherm models for Cu* on Fe, Mn, Al-oxides
Freundlich Langmuir Temkin
A T/K InY= (/n InC+Ink CIY=C/Y ,+1/Y J, Y=A+BInC
ky n r Y. k. r A B r
Sk 298 2.400 3.971 0.939 5™ 10.78 0.058 0.999 7* 1.523 1.443 0.978 0"
308 2.968 4.062 0.942 37 12.92 0.060 0.999 7 1.988 1.691 0.988 4
bk 298 1.592 3.951 0.915 57 7.205 0.054 0.999 2 0.945 0.982 0.964 1"
’ 308 1.803 3.494 0919 1™ 9.643 0.055 0.999 5 0.876 1.395 0.960 6™
S_MnO 298 4.286 3.169 0.896 2 23.70 0.091 0.999 4" 3.776 3.352 0.960 9"
e 308 6.030 3.349 0.869 4™ 29.16 0.123 0.999 9" 6.538 3.891 0.961 0"
g 298 3.286 3.488 0.914 4~ 16.81 0.073 0.999 8" 2.387 2.327 0.981 6"
S 308 3.755 3.632 0.921 0™ 18.02 0.079 0.999 7 2.947 2432 0.976 5

WY AR (g o) s Y R & (mg g sm ke ko A WBLY SRS R r A R B

Note: Y': the amount of adsorption (mg*g™); ¥Ym: the maximum amount of adsorption (mg*g™);n, kg, ki, A, B and Y,,: parameters of adsorption isotherm models;r:

correlation coefficient
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St e, R 3 Al UL, JURR S 124 i R LA 25 R 8
IREN TR KO BRI TURR )y R AT LA Ak
SEACIT X Cu MR 8l 12 . X TR R 8-
MnO,, H Elovich TR A IS T AR,
XU BT R HO BRI 3 R A3, T
=FRAERA L B 15 R R A

4 BV R D1 B IUA SO TR TR Y
JURPEALE PI%T Cu W Bt 14 35 T RE FE AL Ty 22 5

B, SRR, E AR KN AR SE > =
FRER A >8-MnO,, T FRER AT I B Cu 75 22 v Il 1) g
i e A, W o 3 R AR AR, T S —MnO, 1F S AH 2, Wz ff
Cu T ZEri iR BERR fe /)y, TR R ey, X5 4
ST e R — B . AR B (E, I S
WHE— 2T B I 3G AL 3Ry 2 S 25 R
W3 40 TEAEIAT 2B H0R H RV 8l 725 07 R
WEAAF BN 1280, & Y s A A Wit
TR AR R 5 IAR b R B A TR R A 2 i A
FTI2EBHURA X, R LT AL AT 25 S 500 5 SRR
BRI 2ESE, R 4 TGRS 50T TR
H HAEAS(AGH, JEH H A Cu* 28 IiGfk Cu i A
HAEAR , THE 2 RO R0 2 AGHS0 , BERH 2 2
T BRI AR LR AR AGH BRI Ry ik
W ST > =F 5 A1 >8-MnO,, Vi H A Cu2§%78
JTEAL Cu> BT AL B R BEAR AR YIS, AR ) Cu?
B AR U A 5 TE ARG S (AHY), S i A A Cu>

50 1 298 K 50 308 K
1Y 40| LE 40
B0 = o0
= < £
0 = g 5 30
= gz
X = X E
2 220
. £
52 52
S = °Z
0 1 1 1 1 0 |
0 400 800 1200 1 600 0 400 800 1200 1 600
t/min /min
-O- HHEkE @ HREKET A 5-MnO, A —EA
B 4 AEIRESETH.SEEELYT Cu IR s 17 ik
Figure 4 Adsorption kinetic curves of Cu* on Fe, Mn, Al-oxides at different temperatures
3 % ATUMRH CuHIE 1SS (1)
Table 3 Kinetic parameters for adsorption of Cu* on Fe, Mn, Al-oxides
Elovich /7 & — B 1D BUH T WALy O R
Al T/K Y=A+Blnt In A=Y/Y,)=A+Bt InY=A+Blnt Y/Y,=zA+Bt"”
A B r A B r A B r A B r
- 298 8.440 2.140 0.964™ -0.668 -0.157 0.892" 2.045 0.246 0.940™ 0.398 0.144 0.884™
308 9.621 2.245 0.972™ -0.801 -0.225 0.943™ 2.172 0.238 0.922™ 0.485 0.144 0.845™
P 298 7.490 0.701 0.949™ -1.172 -0.076 0.886™ 2.007 0.087 0.963™ 0.434 0.052 0.961™
308 8.394 1.272 0.936™ -0.755 -0.189 0.976™ 2.112 0.134 0.942™ 0.442 0.095 0.950™
8-Mn0 298 20.167 4.183 0.994™ -0.609 -0.217 0.985™ 2.965 0.189 0.993" 1.003 0.291 0.913"
—Vin!
: 308 34.145 4.202 0.984™ -0.923 -0.264 0.954™ 3.516 0.116 0.983™ 1.943 0.287 0.913"
— 298 16.701 1.798 0.980™ -1.125 -0.170 0.967" 2.802 0.103 0.969™ 0.651 0.083 0.913™
5
308 18.114 2.327 0.968™ -1.069 -0.230 0.928™ 2.877 0.123 0.959™ 0.626 0.095 0.882"

Y R (mge g ) s FEHE] (h); Y, WK i (mg* g A B LG H B r AHSE R B

Note: Y :the amount of adsorption (mg*g™);¢:time (h); Y ,: the maximum amount of adsorption (mg*g™); A and B: parameters of fitness models; r: correlation coefficient
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AL Cu MRS AE SRS N BN ) o3 - W A S IR )
PR ED2, AHS0, B RN A RIFERE 19 12
o 5 A6 —H, JLRMERY) AR B/ MR IR ER
W SR> = F2 58 A1 >8-MnO,, Ui I AR I B Cu
o 2 IR 2, DRI B 303 B/ 5 1T 8-MinO, W
B Cu> e BRI INGE /D, BT LA B 3 de R 3 A, i
T BE SN, AR (B BT REAR, P RE A Sy i B T v Al
Cu* B R K, H5 8 Z [ AEH 7108055
T R 86 T o FARB B0/ DN 5 TR AR A2 (AST), FH F S Cu?
ARG AL CuP BIAS , S2 SN RN Y 53 i s 34 g
e 3 SEFE LR R W BT S AR R A T B SR AL
e B, AT A AR S 0 e s I AL (46 5 B A )
AYFEPRI 2, AS'<0, BT R 5 1R 5 1A T BE 4 5, A
ML 5 28 T4 G SO o JLR AR AS? RN
R AR R S EFER AT > = B E0 A >8-Mn0,, Wi 8-
MnO, Xf Cu* W I By ik B T, DRI IR o e %4
Ko Zr LRTR, EALRe SR AL = S 500r I Li)
FA—2, BEDEH §-MnO, XF Cu W B BT 7 BE & /D,
o IRBNA A, DRI B S 238 5 i A ™ WA 2
X Co* W (it G e i 22 , AN G ik B0 1748, BT AW
RN XN RE A B RS T LR AT Cu A
AN R o R ) i A

&4 HRSREUHRM CELEMBEURNFESH
Table 4 Activation energy and activation thermodynamic

parameters for adsorption of Cu* on Fe, Mn, Al-oxides

AP T/K EKJ mol™  AGYKI*mol™ AH*/kJmol™ ASJ*mol™ K"

MR 298 27.47 97.91 25.01 -244.5
308 100.4 24.93 -244.8
KT 298 69.53 99.71 67.11 -109.4
308 100.8 67.03 -109.7
3-MnO, 298 14.96 97.11 12.50 -283.8
308 99.95 12.41 -284.1
SFERA 298 23.07 97.71 20.61 -258.6
308 100.3 20.53 -258.9

2.5 JLFEHRT Cu B FRMIEARI LR
AW, JUR AR Cu BB AN ]
HHE §-MnO, MW & T HAh 3 Rk ni stk
W B B S TRk, IR B E R 22 S E
1145 FH BRI PE BT UIAHOG . — ki, B A e A
I R AR 2% A8 Ak i FL L far % . (PZC,
2.020.5) R, #2380 5 19 38 pH Z&04F T iR
Pk, SR EARZN R, Fihaes R
Cu (R BT AR ZR10; 5 — 7 1, ARk Tk (1 2% 1H

TESMAR, R b o5 P R = AN FL I P
(OO 1), A 176 P 57 (14 30 T JIT o 19 LU AR DN T4k
W (010) . (100)F1(1 10) I X5 75 A5 AHAR B HLRC 07 2 5
HEPL1oym >y 3, P gRaT bR gk (0 36 v 3R 1
2 R PEVA U AR 2 ) PR I oA R Ak
W Cu> W B — e TRk, Ji4h , R T2
BRI ARG, Cu>1E 8-MnO, AL 1/ 36 3
MK 755 W, T AR AR AR R T sh
IN RGN 3K T Cu>FE §-MnO, F I DA -
FAIE S5 W B A 32, T kSR 2 2 DA -3
TR R B A 25 29

BEAI , FEAHER R T B R P, B B 5 R R
EHER RIURER X Cu I B S 34, 177 8—MnO, 1
SRRERATXT Cu AW B RAR , 3150 ] SR FL iR SRR
AN Co> s AL ] o X452k il
TRERAT, P 1 FELAf 25 0 (8.2~8.9) 5 i 127, S 5 F fi
v BE T, B TR OH - R L B ra fif St
UCFEL JZ I PR 40 A AU, R A5 Cu A I B 2t 5 5 T
XFT 8-MnO, Fl =28 A , R4 5 # 1 PZC(8.2) WAL
R AE AT g i Cu LA i i) e I T e
73, Natil 5 5e VR R 5 8 T 2T 1) B rL g 507, AT
S Cu L B

3 #ig

(1) B pH 3K, JURM AN Cu 1) W (5 58
s BT ARERET RN =R Cu B R B pH
S35R 4.5 .4, 1 8-MnO, WIASH &

(2) Wil 25 -5 B 4 K BT R AR X Cu i T
BRI, T §-MnO, FI =258 A7 M FEAIR

(3) Bt I 85 T R R BE S, JLA SR AL P x)
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