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Comparative Studies on the Characteristics for Cu’* or Zn** Adsorption onto

Different Landfilled Sludge
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Abstract:In this paper it was comparatively studied about the adsorption or desorption behaviour for Cu’* or Zn>* ion onto different

landfilled sludge. The results showed that Cu’

+

or Zn’" adsorption isotherm could significantly conform to Freundlich and Henry
equations both for the directly landfilled sludge (SSA) and the solidifying landfilled sludge (SSB). Moreover much higher adsorption
capacities were found for Cu’* on SSA but for Zn>* on SSB  and the removal efficiency could reach 95% for Cu®* by SSA with dosage
being 1020 g/1L or Zn** by SSB with dosage being 5 g/L. when the initial Cu’* or Zn’* concentration was 128 mg/L. However the
desorption ratio of Cu®"  Zn>" decreased with their increasing adsorption amount with the same initial concentration it was much

more difficult for Cu®*

to release from SSA while for Zn® " to release from SSB. Relatively first-order dynamic equation was the optimal
model to describe the kinetics of Cu®*  Zn** adsorption by the two sludges the rates for Cu’" adsorbed onto SSA and for Zn**
adsorbed onto SSB were much higher at the same adsorption time. FTIR analysis showed that the site for Cu®" adsorption onto SSA is
the Si—O group from silicate and carboxy groups from aromatic acids or fatty acids which making stable complex compound with Cu®*
while it was specific adsorption by Me—O group from metal oxide and hydroxyl group or carboxy groups from fatty acids for Zn’*
adsorption onto SSB.
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1.1
A B
M, (
) la
20 ~30 cm
2 . . (2
mm) . A
:pH 7.22 EC 1.19 mS -+ cem ™!
22.2% N2.32% P1.48% K 0.76%
0.43 cmol « kg ™' Cu 1068.5
pg g Zn 2024.8 pgeg’! Pb 61.6
peg g Cd 12.9 pgeg'; A
: MgO 2.73% AlLO,
14.9% Si0, 46.4% Ca0 7.0% TiO, 0.84% MnO
0.09% Fe,0,8.39% Sr0 0.04% . B
:)pH  9.18 EC 1.79 mS * cm ™'
19.2% N 1.101% P 0.71% K
1.17% 0.17 cmol * kg™ Cu
66.3 pg*g ! Zn 711.8 pgeg' Pb 51.8
peg g Cd0.86 pg*g'; B
:MgO 17.7% Al,0, 6.58%
Si0, 22.3% Ca0 26.9% TiO, 0.36% MnO
0.04% Fe,0,2.89% Sr0 0.03% .
1.2
nx 18

1.2.1

2 mm 50 mL
Cu’” Zn*" ( pH 5.0 0.01
mol * L. "' NaNO, ) Cu’" (Zn*")

0. 100, 200. 400. 800. 1600. 2400,

3200 mg * kg ™. (25C) 200
r/min 24 h 2 500 r/min 15 min
Cu’*.

Zn** . Cu (NO,), Cu’” Zn**
Zn(NO,),. 3
1.2.2

2 mm A.B
50 mL 0.2.5.5.
10. 20, 40 g+ L°' 128 mg* L~'
Cu’” Zn** ( pH = 5.0 0.01
mol * L. "' NaNO, ) N N

3

1.2.3

1:25 pH 5.0 0.01 mol * L™"NaNO,

2 2
Cu " Zn "

~ S
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1.2.4
2 mm A.B
50 mL 1:25
SmgeL '.32mg-L" Cu'.Zn*"
200 r/min(25°C)
5.10.20 40 min 1.2.4h .
Cu’* . Zn** . 3
1.2.5
800 mg * kg ' Cu’* \Zn**
( 24 h) 2 mg 1: 100
KBr Nicolet Magna
750  FTIR 4 000 ~
400 ¢cm ™ 32 4 cm. KBr
1.2.6
Y=V(c, -¢c)/m mg * kg '
V cy Cu’* \Zn**
(mg+ L") ¢, Cu’" . Zn*"
(mg*L ) m (2). X= Ve, Im

mg * kg ' vV (35
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mL) ¢, Cu’* . Zn*" Cu’” Cu**
(mg+ L") m ().
) Cu’" 3.0~30 mg* g
DPS (V 8.01) . 1 A.B  Cu**
19 Henry K, 374. 48
56. 81 K
2 K 21
2+
2.1 Cu** Zn*" A Cu
2.1.1 Cult Freundlich K,
AB  Cu®t 1 AB Cu’” Freundlich
Cu’t A.B Ccu’” K, 47.92. 16. 11 A
Cu’t Cu’” B Cu’” .
A G’ B Cu’’ Cu*
Langmuir. Freundlich Henry 2 A.B
A.B  Cul* 128mg L™ Cu’*
1 AB Cu’” A 10~20 g+ L™
2+
Henry ( R 0.9951. Cu 95% B 10
0.9713)  Freundlich ( R ~20 g+ L Cu’”’ 70%
- 2+
0.997 9.0. 967 6) 128 mg+L™"  Cu 10 ~
Langmuir A.B 20 g+ L™ A
3450
2900 —
2950
2400 —
it pH=5.0 2450 f{ ¥ikh pH=5.0
}.f 1900 "
g & 1950 ]
@ s U
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2 1450
: =
© 900 — N 950 |}
A
—— A —B—A
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7
-100 A L ! L ! ! L ! -s0 L ! ! | |
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Cu? PR ¥ mg-L ! Zn? P53 /mg-L!
1 Cu’*  Zn**
Fig. 1  Adsorption isotherm curve of Cu®* or Zn>* on different sewage sludge
1 Cu2+ 1)
Table 1 ~ Adsorption of Cu®* on different sewage sludge
Henry Frendlich Langmiur
G=A+ K, c G =KW G=6C"/(A+¢c)
A K, R K, N R ¢ A R
A -759.91 374. 48 0.9951"" 47.92 0.55 0.9979" " 158.73 -2.68 0.2638
B -266.77 56. 81 0.9713" " 16.11 0.76 0.9676" " 1428.57 72.71 0.3302
DY ¢° ¢, Cu** n=8 Ry, = 0.707 Ry, =0.834
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Fig.2 Changes of equilibrium Cu®* or Zn* concentration affected by different sewage sludge dosage
2.1.2 Zn*" A Zn*’
A.B 7n’* 1 2 A.B Zn’* Henry
AB Zn* I K, 527.75. 10 563. 38 A.B
Langmuir. Freundlich Zn’" Freundlich K,
Henry AB  Zn’" 32.85. 12216.50 B Zn’"
2 A.B  Zn®" A. 2
Henry ( R 0.9757 Zn®"
0.9452)  Freundlich ( R Zn*" 128 mg+ L™ 40 g = L°' A
0.9964 0.9158) 95 % B 5gL""
A Zn 40 g+ L 95%
Langmuir ( R 0.9299) 100% B Zn®"
A.
2 Zn**
Table 2 Adsorption of Zn®* on different sewage sludge
Henry Frendlich Langmiu
G=A+ K,c, G =K. G=6",1(A+¢c,)
A K, R K, b R e A R
A -1157.75 527.75 0.9757" " 32.85 2.21 0.9964" " 59.52 -2.67 0.9299" "
B 32.62 10 563. 38 0.9452" " 12 216. 50 1.09 0.9158" 3.09 -0.09 0. 666 0
2.2 Cu’*  Zn** B; B Zn®* A
Cu®” B In®"
A B Cu’”
Zn®" 1 2
2 3 A
Cu’* . Zn** B Cu’'.Zn’"
; A A B
Cu’” B Zn*" Cu’"  Zn*"
3 A Cult 23
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3 Cu** . Zn**
Table 3 Desorption and adsorption of Cu?* Zn>* on different sewage sludge
Cu** Zn**
o A B A B
/mg * kg
/% /% 1% 1% /% /% /% 1%
0 ND ND ND ND ND ND ND ND
100 50.7 37.8 26.3 63.3 51.5 37.4 99.2 0.1
200 70.5 16. 4 28.6 40.8 71.5 18.3 99.6 0.1
400 82.9 8.5 46.5 18. 1 81.2 10.3 99.6 0.1
800 87.3 4.5 48.2 16. 6 87.8 6.6 99.7 0.1
1 000 90.2 2.4 70.8 9.7 91.6 3.6 99.8 0.
2 400 91.5 1.9 64.0 10.5 92.9 3.1 99.8 0.
3200 92.6 1.7 67.9 8.7 94. 4 2.2 99. 8 0.0
2.3 Cu’" \Zn*" (R) ™.
2.3.1 Cu’”* Cu’”* 4
Cu®” 3 AB Cu’”
A Cu®’ Smin Cu®*
Cu®” A.B Cu®”
A Cu’? . 4
B 8 mg- L ROl
-1
32 mg* L D./D, =V ==b/(t +c¢)
Cu** b.c v
B Cu’” 3 A
Cu’” B Cu’” Cu’”
A Cu®’ B
(R%) 2.3.2 Zn**
180.0 750.0 B—-E—-E\Q_E\E\E/E
150.0 - 650.0 |-
120.0 - , )
I Cu W = 8 mg/L 550.0 HIHHCu> W EE= 32 mg/L
‘0
'ﬁ; 90.0 - A
m?:* A B 450.0 -
60.0 |-
=
S 350.0 |-
Na 30.0 -
250.0 |-
oL
3001 150.0
-60.0 L1 I | I | | | I 50.0 ! I | I I I I |
5 10 20 40 60 120 240 320 5 10 20 40 60 120 240 320
i [H)/min i l/min
3 Cu’*
Fig.3 Dynamic curve of Cu®* adsorption on different sewage sludge
In®" 4 B Zn’"
A.B Zn’" 5 ~20 min B Zn®"
90% Zn®" . AB  Zn®*
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4 Cu®*  Zn** 4 D

Table 4  Correlative coefficients of four kinetics equations for Cu’* and Zn>* by different sewage sludge

Elovich Langmuir
/ L-! Y=a+blnt t/Y=t/Y, . +1/k Y=a-bln(t+c) InY =a + blnt
mes Cu Zn Cu Zn Cu Zn Cu Zn
A 8 -0.9036"* -0.8233" -0.649 3 -0.4543 0.9393* " 0.9800" -0.8975"" -0.8084"
32 -0.4930 -0.8229" -0.5024 -0.4389 0.8840" " 0.9685** -0.8161" -0.8219"
B 8 0.563 8 0.301 03 -0.0735 0.6747 0.6507 0.8163" ND 0.3028
32 0.9509" " 0.8059" 0.8253" 0.9633"70.9525" " 0.9948 " " 0.9039" " 0.8019"
D4 Y s 3 (min) a-b-k R n=8 Ry, = 0.707 Ry, =
0. 834
AB  Zn®" Zn**
4
(5 ~30 min) A B  Zn’" B Zn®"
A « 2
200.0 800.0
1900 | 790:0 |-
780.0 |
180.0 |
770.0 |
o
& 170.0 -
o 760.0 |-
£
W 1600 | 750.0 |-
=
%& 150.0 - 740.0 -
S FIHZ0> I = 8 me/L s | PUAZOTIREE =32 mg/t
140.0 |
720.0 |
—a— A
130.0 |- —A—B 710.0 L
120.0 1 1 I 1 I 1 I 1 700.0 1 I 1 1 I 1 1 I
0 10 20 40 60 120 240 320 5 10 20 40 60 120 240 320
i 5 /min i [Al/min
4 Zn**
Fig.4 Dynamic curve of Zn>* adsorption on different sewage sludge
2.4 Cc—O C—H
2 Cu’*  Zn*" . 1080 ~1020 cm ™' N C—0
Cu’*  Zn®" Si—0 . A
5 A B 1080 ~1020 cm ™ A
3500 ~3300 cm ' (- . Si—0 B
)+ 3000 ~2 800 cm '+ 1670 ~1 650 em ™'+ 1450 1450 ~ 1400 cm ™" B 870cm
~1400 ¢cm ™' 1080 ~1020 ¢cm ™' (C—H C—0 Me—O )
Kaisert 2 B N
3500 ~3300 cm ' (- ) —OH O0—H Me—O ) 5 2
(—NH N—H .3 000 ~2 800 cm ' Cu®* Zn®
—CH, —CH, C—H Cu’"  Zn**
C=C . 1670 ~ 1650 em™'

CO0~ . 1450 ~1400 cm ™'
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Fig.5 Infrared spectra of sewage sludge which freely or completely absorbed Cu®* or Zn®*
A Cu’? 3419 cm ™! 2 840 cm ™! B —OH Me—O
em ™' 2909 ¢cm ™! B Zn*" B
—OH CaO  MgO Ca—0 Mg—O
1665 cm™ 1029 cm ™' B Zn*"
6cm™ 8em”!
A co0~  Si—O0 Cu’” 3
A Si0, €D AB  Cu®t Zn®t
A Cu** 1420 cm ™! Cu**  Zn**
Henry Frendlich
A CO0 "~ Cu’” A B Cu’”
c—o0 CO0 " Zn** 10 ~20 g« L'
A Cu®” : A A 5g-L™ B
Zn®" 3419, 1420, 1029 cm ™ 128 mg+ L' Cu*" Zn*"
) Cu’*Zn** 2
2909 em™' 1665 em ™! Cu’*  Zn”*
25 A Cu’’
em ™! 15 cm ™ A Zn*" B Zn*"
COO0". 3) A B
B Cu’” Cu’”
1450 ~ 1400 cm ™' A
2856, 1417. 1017 ¢cm ™! Cu’” B. A
12.29 12 e¢m ™! B Zn**
—OH Si—0 B Cu’" B
B Zn** 1417 Zn** A.
em ™! 870 ¢cm ! (4)FTIR A
2917 em ™ Cu®” CO0 -~
12 em ™! 1417 866 cm ™' Si—O ;
41 em™ 12 B Zn*" B
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