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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¢/L or Zn>* by SSB with dosage being 5 g/L when the initial Cu’* or Zn’* concentration was 128 mg/L. However, the

. . 2 " 2 . .. . . . o . .
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.

Key words: sewage sludge; landfill;solidification ; adsorption; Cu®* ;Zn**
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B 4R e 22 oA BF g 2 W T LR R AL RS
75 108 W% AT T 406 S O 1 B T R 45 (B H T
S LR ¥ U A R A L I 3 U8 P R I ) (1
THF 5 19 % DR 38 . A I 30 3 T B 5 O [ 95 98 %o
Cu’ * \Zn® 0% BFF A 0% A P 2 S 5 EC W RE ML AR, L
1 3R 15 A AL B R AR AL 7 18] e ¥ Y B
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L1 fEh ok

BEAEESE e A FIE A5 e B Y HE BT
LU IHI Y W A 5 O T A e s TS K Ab E T
Y D A VG 8 28 B A N e M AR R) (L [
A B 23 ) 5 (] 5 K 2 e [ B £ 7 8L B R e o
A6 46 f5 P T A, S PR E G 1a J5 R
BT R 20 ~30 cm Lh Y5 8, A S R4S ] S
U9 5, B 2 Fis e 7R B Ak XU R A L (2
mm) J5 T, HEEEE 0 A B 5 A AL
M:pH H 7.22,EC K 1.19 mS-cem ', 5 HL &
22.2% , & N2.32% , 42 P 1.48% ,4 K 0.76% , [
BF A E K 0.43 cmol - kg™', 4 Cu 1068.5
pg-g ', & Zn 2024.8 pg-g ', & Pb 61.6
pg g A Cd 12,9 pg g RIS A R
EE A B ALY & 'R MgO 2.73% , Al,O,
14.9% ,Si0, 46.4% ,Ca0 7.0% , TiO, 0. 84% , MnO
0.09% ,Fe,0, 8.39% ,Sr0 0. 04% . [FfLi5R B iy
AREALPEAR . pH S 9. 18 ,EC 5 1.79 mS - em ™A
ML 19.2% , 4 N 1.101% , 4 P 0.71% , & K
1.17% ,F1 8 F 38 ¥ &8 2~ 0. 17 cmol - kg™', 4 Cu
66.3 pg-g ', 4 Zn 711.8 pg-g ', 4 Pb 51.8
ng g A2 Cd0.86 pg - g ' BELIHTS IR B b &
B4 JE A ALY & Bl MO 17.7% , ALO, 6.58% ,
Si0, 22.3%, CaO 26.9% , TiO, 0.36% , MnO
0.04% ,Fe,0,2.89% ,Sr0 0. 03% .
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mol + L™"NaNO, ¥ ) , (i [E A1 H Cu®* (Zn®") A
B4R 0. 100, 200, 400, 800, 16002400,
3200 mg - kg™ B AETH R (25°C) $ik % % P 2L 200
r/min8] KIE % 24 h, 72 500 r/min | &[> 15 min,
T UE B W 0 4 06 O BB I E g Cu®
Zn’t W BE. Cu (NO,), H Cu’" PR, Zn’" B K
Zn(NO,),. EH 3 k.
1.2.2 5k E 2wt
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50 mL RN ECE T, a0l TRk E0.2.5.5,
10,20, 40 g - L™ B0 A G iy 128 mg - L'y
C’" &% Zn*" W (A pH = 5.0 19 0.01
mol - L’INaN03 B, B ERIRG O g &
M. #wE 3 K.
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U E N 8 mg + L7 32 mg - L' HY Cu®* | Zn® "
W, T R R % 25 h LA 200 o/min (25°C ) 43 B4R %
5.10,20 F140 min & 1,2, 4 h, 7 R FEELO .
U8 K W Co®" Zn® R BERYINE . A 3 K.
1.2.5 L5638 bt

BT & 800 mg - kg™ AbFRAE S, Cu® " Zn® " W it
A5 (BB ] 2k 24 h) (975 29 2 mg, 44 1: 100 (1
Fef 5 KBr {8 & #F B8 )5 & A, i A Nicolet Magna
750 7 FTIR SE3E AL AT 20 B . 0 22 i1k 353 4 000 ~
400 em ' 32 K, PR K 4 em TR KBr JE
AT L0 A IS R AE 43 AT
1.2.6 F8HITk

WM Y =V(e, —c,)/m, Hifimg - kg ™' X,
VRE LD AR IR ¢, S Cu® (Zn® " ) IR R
(mg+ L™") e, HESLE LEW P C* [ Zn" WE
(mg - L) ,m A5G E(g). R X = Ve /m,
Hifimg - kgL S, VOl B MR AR BL(35
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LRI Cu®t Yk ARG BT 75 A B Xt Cu’ " iy
MR o e 2 S0 S K ARLBE 5 0 B Cu” " vk B R 4 75
Je A X Cu® " A W B BB S Y5 U8 B XS Cu® T
FiH&. 2% FH Langmuir , Freundlich I Henry iR RE]
Y& A B X Cu® " i1 W B O HE AT LA A OGS TR
KBHAAZHANF 1750 A B X Cu® " i 1 B} 45
I 5 Henry J7 2 (M R B R 435 40.9951,
0.9713) # Freundlich J5 £ (4 3¢ & % R 735
0.9979.0.967 6) ¥ A AR & iy 005 14, AHOC R B 14 3K
B B K P, T Langmuir J7 f2 57508 A B Xf

Cu’ " W B 25 3R LA 45 SR 4 22, X Al g5 Cu® "
A I AT 35 BAR & A4 G IR o AT fiiE R B O
(7175 e X Cu’* (9 5 K I 28 76 3.0 ~30 mg + g
ZME P S L AL, VS8 A LB XE G’ g K
Henry %5 J7 #2 v, 2OV 1 % 2 K, 5300 Ry 374.48
56. 81,17 ~F- i & 0 K A5 K/ AR W B 51 5 4 s 5
THYLE A R KR, W4 A R B
Bk A 5 Cu®" H oA M X B 45 A RE 1. A A,
Freundlich 7572 R 22 56 A 3, K, 32 7 W% B 551) X 0% Bff ot
(R B B, 75 8 A VB X Cu® " W [ % Freundlich %
TR, K, 4 479216, 11, 0] WL, 75 8 A
X Cu® " W B3 B B T 5 U8 B A Cu® ™ f g i 5 i

BE— 2 BIF 5 75 U e X W S 7 5 WO Cu®t
WRER S WK 2 Fros, BET5 U8 A VB VR EEHE i, 4
B N 128 mg + LY Cu® " e 8 78 W BT 145 5 34
RS, b5 e A WE N 10 ~20 g - L'}
Xt Cu®* 0 B2 0T 25 35 95% , i {5 U6 B #k i 10
~20 g« L7'HFXF Cu® " B9 WL FE R AN 70% Z2 47, ik
X UA M B R 128 mg - L7 Ry Cu® " JBK M 7,10 ~
20 g - LTUAYIG YR A AT R HAT 0 A

3 450

2900 -
2950
2400 —
¥tk pH=5.0 2450 [ ¥tk pH=5.0
T .
¢ 1900 |- o
g & 1950 ]
il g
< a8 h
= 1400 2 1450 ]
4 B
O ‘&
900 — N 950 |}
A
—— A —B8—A
400 — —A— B 450 k —A—B
i
-100 Al I | I | | I ! -50 L ! ! I I
0 5 10 15 20 25 30 35 40 45 0 1.0 20 30 40 50 60 7.0 8.0
Cu 453K /mg-L ! Zn? P53 /mg-L!
Bl FRESEX Cu’* s Zn’* IR ERE
Fig. 1  Adsorption isotherm curve of Cu®** or Zn>* on different sewage sludge
x1 AEBEY C EEBHFEMESE"
Table 1 Adsorption of Cu®* on different sewage sludge
Henry Jy 2 Frendlich 77 & Langmiur J5 4
=R G=A+ K, c, G =K G=G/(A+c,)
A K, R K, N R G’ A R
A -759.91 374. 48 0.9951" " 47.92 0.55 0.9979" " 158.73 -2.68 0.263 8
B -266.77 56. 81 0.9713" " 16. 11 0.76 0.9676" " 1428.57 72.71 0.3302

1) 6 FRWe b, 60 R R BRI B, e, FomPATHT Cu® " W BE ,n =8, Ry 5 = 0.707, Ry =0.834, F Il
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2.1.2 X Zn® " A5 T I AR

FURY5 8 A B X Zn® " B SRR W B L I 1 pr
R BTG e A B XE Zn® " i W R B Zn® " T
o7 FE Y B8 R T 4% K, SR F Langmuir , Freundlich 1
Henry J5 f2 815 98 A B Xt Zn®" 9 W% B & 5045 k47
WA G RN 2,578 A B X Zn® " B IR B 45 R 2R
5 Henry J7 #2 (#H K & # R 43 %) 4 0.9757,
0.9452) F1 Freundlich 7 & (M X R B R 7 3 K
0.996 4,0.915 8) ¥ H AR AT 40L& 1k , AH OC TR B 34 38
ML B K, HI5 U8 A X Zn® W 2SR 2 S5
Langmuir 757 # (AHC R £ R 43 40. 929 9) IR H A 5
U 00 405 M, A OC B R Gk B AR S KT BB TS TR

or Zn>* concentration affected by different sewage sludge dosage

A X Zn® " R I L R AR O A A AR S 5
F2 00,7508 AB X Zn® " W B9 Henry %5 i 5
B, HOK, 4Rk 52775, 10 563,38, 7578 A B
Xt Zn® " WL B ) Freundlich %5 3 75 F2 o, K, 43 31
7 32.85., 12216.50, Ui BH V5 U8 B Kb Zn®* (4 0% [
FERE W W Ti508 A 5 I 2 s U8 vk BE X
W B S 5 R Zn® T vk A R AT UL, Y )
Zn® YR BE R 128 mg - LB ,40 g - LTS YR A
X G R A 3k 95% L Mii5 U8 B R IE S g - L7
F1 40 g - L70xb o0k B = ] 2 51 3k # 95%
100% , A WLy5 98 B XF Zn® " il W B 25 B 508 B B AR
Fi57E A.

®2 AEFRM Z0’ EERMLE

Table 2 Adsorption of Zn?>* on different sewage sludge

Henry J5 2 Frendlich J5 2 Langmiu J5 2
59 G=A+ K,c, G =K. G=6./(A+c,)
A K, R K, b R G° A R
A -1157.75 527.75  0.9757" " 32.85 2.21 0.9964" " 59.52 -2.67 0.9299" "
B 32.62  10563.38  0.9452** 12216.50 1. 09 0.9158" 3.09 -0.09 0. 666 0

2.2 RGNS Cu® K Zn® " (¥ i W RFVE B 5 0%
BAE P T 8 56

fifp WA A5k g TR SR AR iy WA RS 5IR R A A, T DR AR
7 JE AR 3 THT 6 P R B A7 5 15 4 Je 8 1 4 1 7 [T
JEONER 3 T LA B A B R (3L V5 U6 A
X Cu® \Zn® " (IR ARG I8 B X Cu®"  Zn" 1 fif
M AR /N 5 HLAR ) Ak PR TR, B LG e A X
Cu® " [ fi W R ANTG U8 B XF Zn® " (1 fiff W R IR A 1T 573
23 L, 7508 A X Cu® ™ (1 I B =R B ek g 15 D

B35 U8 B X Zn " (¥ W B AR W 88 5 U5 U AL BOTS e
A PR Cu®" A5 R B R B A Zn A LA A
WA PR R RR R VS U8 A RIS TR OB 4R X Cu®t R
Zn®" BATROR B G R D X SR 1 g 2
0 100 4 SR — B — BOR UL, i r I PR 2 R B T
ik < ¥ TR R L e O e AR AR T L P R R 2
WA BEEIEA DWW, BT AT 0 A TG B XS
Cu’" I Zn® " B BAT — i #8 op W B AE A1, T 8 0 R
A7 R 1 25 T R B
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Table 3 Desorption and adsorption of Cu®>* ,Zn** on different sewage sludge
e i B — e — — o
Jmg - kg G A 5ie B G A 5 B
WME/ % WWR/%  WWCR/%  WWE/%  WHR/%  WRE/%  WWE/%  WWE/%
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
1000 90.2 2.4 70.8 9.7 91.6 3.6 99.8 0.0
2 400 91.5 1.9 64.0 10. 5 92.9 3.1 99.8 0.0
3200 92.6 1.7 67.9 8.7 94. 4 2.2 99.8 0.0
2.3 ARREIGIRXT Cu®" Zn" WG bt 2h 2 014 7 R R LA TR M R OE R (R) YR TS

2.3.1  XF Cu® M Bh f o

AIIGPRXT Cu® ™ ) W B 3l g 24 i e an | 3 fF
R TEWC 030, V5 8 A X Cu® T Y I B AT #E Smin 22
AP 58 R R A, B 5 AR Cu® ok RN G
WGP A X Cu® T W BR AT BE 32 B L BR R E
WA E. V58 B X WM U E N 8 mg - L™ Cu® " AL
A 5% ¥4 i TN A A%, T X A0 BR Mk A 32 mg - L7
Cu® " Ry H A 0 J aod 2 2% B A 2% 1 I I PR 4, T DL 95
Je B X Cu® " A W B — 18 s A, B2 A IR
Cu®™ [ B 758 RS WA K, W5 8 B X Cu®* oy Wi et
A BN AN R I B - 3 3 W B O L X gl 2 o R
R A HE bR — R P 2 RBC(RY) LA R

180.0

PIHHCu* R JE = 8 mg/L

150.0

120.0 -

90.0 - A

—4A— B
60.0 |-

Cu* iR fff & /mg kg™

30.0 —

0

=300 -

-60.0 | | | | | | | |
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I} []/min

Xt Cu® " (W B 3l y 2 0t R AU 45 A2 4 BToR 15
e A B X Cu®" B BE I8 LA — 9 8 2 05 B AL
X RBEK, HS54ME Co® W6, irl —%
ST R ARG ALB R Cu®* Y B A
A 4 PRl — S8 )2 07 oK 245 R A ]
IR B B A ) AR Ak
D/D, =V ==-b/(1+c)

K, b e I—G B J12E T BRI E K, V O WG B R
H AT 30 W B 2h g 2 it Zeml UL, T5 08 A X
Cu®* 119 W52 o} 328 S5 7 Wik I 3K 3] d5 K, L AR ) 8% B sF i)
T LG8 A XF Cu® A I I SR B H T 5 U8 B.

2+ — M —
2.3.2 X Zn” YW B 1 2R AT
o0 B_‘E__‘E\E_E\E\E/E
650.0 |-
550.0 - FHHCu® W= 32 mg/L
450.0 |-
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150.0 |
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i /] /min

B3 AEFREX Cu’* BRH 3 HZE

Fig.3 Dynamic curve of Cu?*

A TE 5 P Xt Zn®* (e B B 24 it 2k fn & 4 pr
N, I5U8 A B I Zn® " IR B X FTAE S ~ 20 min £2
A 35 B A7, 0% i ZE 90% UL b, HO5 AR Zn’ T ik
JETGE, MR Bl B R A SE KI5 A X Zn® T

adsorption on different sewage sludge

B ek 2 B B R R R A T VS R B X Zn® () I B
JEH AR, T UL, V5 U8 B o W B Zn® A X R
R ghin Ve A B X Zn’ " [ % B 3h g 2 o AR R L
(3 )07 AT SRR 4 FTos , A% T
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Table 4  Correlative coefficients of four kinetics equations for Cu?* and Zn>* by different sewage sludge
, Elovich 75 & Langmuir 3} 73 5 J5 2 — Y )T XU BT
g J 31 ‘f{%fgil Y =a +blnt v/Y=t/Y, . +1/k Y=a-bln(t+c) InY =a + blnt
/mg - L Cu Zn Cu Zn Cu Zn Cu Zn
A 8 -0.9036"" -0.8233" -0.6493 -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""0.9525" " 0.9948" " 0.9039" " 0.8019"

1) YRR B, Y, R S AR AR &, ¢ SRR R G E] (min)
0. 834

BIH K BB /N K T L I5T8 A B X Zn® " B9 R 3 g
R H R O B R R R, A
[l 4 Bl 72 ih 22 ik — 25 Wi 98 & B, 78 W B s 1 A
(5~30 min), 598 A M5 B X Zn®" i W i3 &

ARG, ELA7E B I 3k 1) B R B3 R s L 15 TR A

a.b.k i‘%ﬁﬂ%@ﬁ!i}%{ﬂ {Eﬁﬁ7iﬁ*ﬁﬂﬂ1ﬁ,”:8,leo_os = 0. 7077R0_01 =

X Zn {3 SRR T R 0k R O A R R
Wee S DXL AT RETE T o WA R i 01, B VA R g 0
JEE T AR T I3 SR R B T — B A
IR TR, 8RB 8 R AIK, TT 95 T B X Zn” " 0
56 JEE K (3R 2) WL AN o it W

200.0 800.0
190.0 - 790:0 -
780.0 |
180.0 |-
770.0 |
'on
& 1700 |
9 760.0 -
£
1600 | 750.0 |-
=
%& 150.0 - 740.0 -
Y .
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140.0 |-
720.0 |-
130.0 A
“ —A—B 710.0 -
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
it 1] /min i [Al/min

B4 REFRX Zn** BRH %

Fig.4 Dynamic curve of Zn®*

2.4 MRS

F TR 2 g dext Cu® 5 Zn® T 0 M E A F
122 S 5 PR B Cu®* 5 Zn® ' RS A 4T A0 6 1% 4
MESEAT THFSE, 45 SRR 5,758 A A5 IR B JREER)
2T AN PR3 1 40 S 7E 500 3 500 ~ 3300 em (i
B U4) L 3000 ~2 800 cm ', 1670 ~1650 cm ™', 1450
~1400 cm ™', 1080 ~1020 cm "5 [ P9 A5 B 5 (1 %
il , MR 3 Kaisert 25 LB 5 1 252020 f) [0 33% A7t #r
3500 ~3300 cm ' (5.4 ) ) —OH iy O—H i 3h
(—NHf N—H {89 8 %) 3000 ~2 800 cm ™' K
B ilE—CH, f—CH, iy C—H ¥ 3h s A i 42
) C=C R 3. 1670 ~ 1650 cm ™' N ¥ 2 &k b
COO ™ Wy RO BRI A5 2 501 . 1450 ~ 1400 em ™' Ny ¥R
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B C—O AR A 45 ¥ 3h 5B Wi 1 C—H A
JEARBh. 1080 ~1020 em ™' MEE ik EAY C—O0 R
XIR A 4 iR sl el Si—O 4Rk 2. K, 757 A 15
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Fig.5 Infrared spectra of sewage sludge which freely or completely absorbed Cu®* or Zn**
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