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Adsor ption properties and mechanism of Pb*, Cu®* and Zn*" by
iron base zeolite-like geopolymer derived from copper slag

LU Yan, LUO Zhonggiu', ZHOU Xintao, ZHAO Xiaoteng, LAN Xiong
( Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, Yunnan, China )

Abstract: Copper slag-based magnetic zeolite-like geopolymer (F;0,@GM) was prepared using copper
slag as raw material, NaOH and industrial sodium silicate as alkaline activator, and then used for the
removal of heavy metal ions Pb**, Cu”" and Zn**. The effects of initial pH of solution, dosage and initial
mass concentration of adsorbent on the adsorption performance were investigated, followed by analysis on
the adsorption kinetics, adsorption isotherm and thermodynamics. Moreover, the adsorption mechanism was
explored by XRD, FTIR, SEM, BET and XPS. The results showed that the adsorption behavior of F;0,@GM
for Pb*", Cu**, Zn*" followed the Langmuir model with the corresponding maximum theoretical adsorption
capacities of 555, 489 and 125 mg/g, respectively, while the adsorption process fitted the pseudo-second-order
kinetic model. The excellent adsorption performance of F304@GM was attributed to its large specific surface
area. The adsorption mechanisms were associated with ion exchange, electrostatic attraction, surface
complexation and pore sedimentation. F;04@GM can be used as an eco-friendly, desirable and economic
adsorbent in the treatment of heavy metal polluted water, providing a cheap and convenient choice for the
treatment of heavy metals pollution while realizing the recycling and harmless treatment of copper slag.
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Table I Main chemical composition of CS
éﬁﬁi F6203 SlOz A1203 CaO SO3 MgO ,ﬁ\:'ﬁﬁ
B ¥0% 5572 3224 517 220 253 126 0.88

1.2 s LB I3 A i BT 5 A R B A ol &

B4 L FoRk LR s, BT 60
CCE T HRAR ot T 2 e, BUR RS S 325
Hifi, 20400 A, SEEH. FREC20 ¢ Tk
YIS, A 30.5 mL & JE K 4 mol/L NaOH 4 ¥ fic
KPFIEREEL (Si0, 5 Na,O WL ) 7 1 BH
W, B 10 g Hli, 80 °CIA AR FE S N
5hEHBE 80 CHIR/AKIA 3 hfHEA =Y. FIr
RAYLL 8000 r/min B .OEE FA =Yy, KET
PR E TP, #E 60 °CF T 24 h 515 B4 2k
Kb AR EY ( F;0,@GM )o

B B B MESE, NIF
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&S5 HI/T 299—2007 [EREY) =1 8 HE ik
BRERAE IR ) EEATR] pH T F30,@GM iR K
FIH ICP g 2 b s T vk i, 25 Rk 2
i, B3 2 nl5, Al pH FESEE IR R
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F;0,@GM TEWC it R oA B 8 4 i o i vk B
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#2 F;0,@GM 7ER[E pH T 8 4 & 2 i T i vk 2
Table 2 Leaching mass concentration of heavy metals in
F;0,@GM at different pH

pH  p(As)(mg/L) p(Pb)/(mg/L) p(Cu)/(mg/L) p(Zn)/(mg/L)

1 0.03 0.15 0.29 0.75
3 0.05 0 0.20 0.15
5 0.05 0 0 0.13
6 0.06 0 0 0.09
9 0.05 0 0 0.08
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43 3144 3.9063 g CuSO,4+5H,0 . 1.5999 g PbNO; .,
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LR 0.1 mol/L NaOH ¥ 17 2 5255 ir s pH,
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P g e WWZIW T2 &, mg/g; k AIL—Z3Eh )
SFRAIE A, min'; ko AL TSN S R AL
g/(mgrnln), qeﬁmwyﬁjﬂqug%v mg/ga G max

R S W BB B R R B A i, mg/gs pe TR
B M, me/L; Ky oA Langmuir
W40, L/mg; Kr A Freundlich %1, (mg/g)(L/mg)"";
n °A Freundlich # %%, =9, T HWHHERE, K;
R WA %L, 8.314 J/(mol-'K); AH JgW [t Fads
A%, kI/mol; AS SRRt AR, kI/(mol'K); AG
W B R A ET B B RE, kJ/mol.
1.4 R Bt 5735 R 14 A0 FE IR R 14 RE U RE

SR B0 S B 2 K S A A B A AL R
F;0,@GM W {4 J@ R RE I SE T, 439K 25 mL
JRERE N 100 mg/L B9 H 3E#5 . KCl, MgCl, %
WA S 25 mL B i ¥ o 100 mg/L 15— 4 8
BRI RIREA, A 0.1 mol/L FhEZ A1 0.1 mol/L
NaOH ¥ T ARR A pH 2 5, Bty 0.10
/L W FFF 50048 20 Je i B T 120 /min A TE IR IR 7 25 4R
% 480 min, >R 0.22 wm JERREIEF T U8, I RE S
W 4 S R

S E Pb?T, Cu®'| Zn®'7E F;0,@GM |1y 35 4
W AT S, 43 BB 20 mL &R S 100 me/L By
Pb* . Cu™ Ml Zn* WE A HEIE IR A394) . A 0.1
mol/L E:FRF1 0.1 mol/L NaOH ¥ ¥ 15 A VR & ik
pH Z 5, 884 0.10 g/L W B30 48 2 J5 e T 120
r/min FYTEIR IR %5 % 7% 480 min, KM 0.22 um JE
JEFEAT L8, MR AW 3 e T IR

¥ 1.3 W 2 P> Cu® Hil Zn® 1 F30,@GM
#A 50 mL 0.5 mol/L #fg, H7EZE TG
480 min ¥ W fff 7E F;0,@GM /Y Pb* | Cu® il Zn?*
TR AT B, AT R MERER, O 2 B Tk e
WETE,60 °CTF T4 8 h 5 7ESEA TAE PRS2 56,
N R o6 350 0 Ak P B
15 MBRAE

B 1.3 TS F30,@GM B O UEE , F:47E 60 °C
FFH 12 h J5, KA XRD # Cu K, 40,
7=0.15406 nm, M (260) A 10°~90° 414 Tl
A . F0,@GM W TR I S AR 2540 S B . fiff
F FTIR i3 KBr Fi Fr ik, 7E 4000~400 cm™ i1 [l 4
MK F;0,@GM Wi J5 B & L AR 2 . FIAH BET
I3 SRR B - o ot A5 O o ) ) B e TR
LRI S S5, AR 80 °C, &
KM FFEERTE] 4 h, @it XPS % FE R e
T, R SEM XF F30,@GM W i 5 OU I Sk
AT

2 HR5WR

2.1 A& pH IR EE B 20
VAW pH 5 Wi W56 751) 29 T FEL A P T R I o6 I A7
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Fig. 1
Zn*" (d) at different pH

MR B 51 352 om 2 3 R B 14 B 9 2 Pl
R 50 mL WIAG R R 100 mg/L ) M
W, P Cu”' W pH=S, Zn VAR pH=6, WL
BF] 420 min S5 T 25 GEAN [R] W2 i 5] 45 Jon 2 Xk 0 o
SRR, SEHLOLIE 2, FRIE 2 RI, R R
FIB A B G, W B e B SRR, R R SRR
H# M 0.10 g/L HANZE 1.00 g/L i}, F;0,@GM %} Pb**
S B 25 M 465.25 mg/g FEAEE 99.98 mg/g,
Cu> P Bt 75 M 428.5 mg/g FEAILE 70.05 me/g,
Zn? P 25 M 118 mg/g BEILE 68.98 mg/g.
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Fig. 2 Effect of F;0,@GM dosage on M’ adsorption
property
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L, IR B AR, DT R B 5 i BT
TEEEML RN 0.10 g/L Wl5E F30,@GM itk
W B 25 4t o
2.3 WMEhHFESH

JRGF F30,@GM X M* 1 fi 474, 76 50 mL
M2 PG VR EE 100 mg/L, Pb*'. Cu* VIR
pH=5, Zn* VEWHIh pH=6, F30,@GM £+ 0.10
F1.00 g/L Z50F T, 5581 W R 25 12 B 2 o B ] £
Ak, SEERANE 3 Fs . BB 3 AT, B R
[ PRI, R A 25 o ST 388 5 T8 3 5P o W I R 4
JidE Sk 1.00 g/L 444 F, Pb**7E 10 min PNk 210 fff
A (18 3a), Cu®'7E 120 min PNk )WL - (1A
3b), i Zn? WFHEE 240 min A G802 K65 (K
3¢). B F30,@GM XF P> W [fH 1 REfe i, ST
KPR 25 R —30 e RIBON &4 0.10 g/L &4
T, M H7E 480 min Pk FI 0 SR, a3k 2 RO IR
WA 700438 o g /U f R A7 K2, M0 A R I B3z
SRTE g AR K, WERRHH R %, 3 3 R RSP i 1)
]340 . F30,@GM X M2 B9 Wz i ] 43 g 3 4B B
BB ET, W S E T WER S, 5
W I 7510 2 1 4 B IR BE AR AR, B B,
W BFEFE RO S, R B TS, e
FIVERTR M ) W B0 % T R A O, )
BiF 5tk SRR 5 B R B R T, WM A R
T, R R ) A 3 v W B S AR B A, M
PN LN, AL BB ), W R R
% 55 =B BOA AT B, W B R0 T PR 6 8 8 4 Bk
A, R AR AR

B F30,@GM A [R-HE N7 A ] WA B s ] ) it
i A S e IR — 2 L sl e R A T A
ANMAE LB G R UL 3, WISl 12 2803 3.
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- - D. 5 = )
400 3
< 00r ° 1.00gL
) @ 0.10gL
S: 200 H—&3h 1%
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100 + 3 2 3 9
0 L
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400 | e
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K3 A F;0,@GM B X 3 R 4w 8 1 M 3h
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Fig. 3 Fitting curves of adsorption kinetic models of three
heavy metal ions at different dosages F;0,@GM

R 3 RIA F;0,@GM BT X 3 e 4w 8 W b 3l g # BB S 240
Table 3  Fitting parameters of adsorption kinetic models of three heavy metal ions at different dosages of F;0,@GM

W—&3 ) /S pIE o
MR B WREERISOmE (/L) g/(mg/g)
Gecal(mg/g)  ki/min”’ R’ Gecal(mglg)  ko/[g/(mg-min)] R’
. 0.1 434.25 409.26 0.13 0.95 428.25 4.46x10* 0.99
P 1 100.00 99.72 0.54 0.99 100.30 2.78x107 0.99
N, 0.1 428.90 400.69 0.17 0.95 417.60 6.00x107* 0.97
o 1 70.05 64.14 0.21 0.93 66.39 5.36x107 0.97
N, 0.1 112.00 105.66 0.10 0.94 111.13 1.29x10°* 0.99
“ 1 63.90 59.37 0.13 0.93 62.24 3.09x107 0.98

T qe Do SR S BRI SE -1 WA 2 4k 5

Gecat ST B 7 2T B 1 1) BB R 25 5
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iRl g 2 RS IR R E (R7) 3
>0.93, %W F;0,@GM X} 5 4 & 5 7 W A 1k
2EWC R A YRR . X EE 3 P E AR B T EANR]
W B30 B JBLA R AT OC R B, W B ok AR Yy
FEA L B 18, R>0.97, Hk, #1435
12 R RITT H 100 1 A R R 25 45 S I T {1 T 4
I, WERRIAIE R 1.00 g/L &1 F, Pb*T. Cu,
Zn> W25 5043 524 100.00. 70.05. 63.90 mg/g;
W BRI A 0.1 /L &0 F, Pb* . Cu*', Zn™
W R 2523 )l 434.25, 428.90, 112.00 mg/g. Bl
F3;0,@GM X M*" W B 3o R 48 A Ak 22 g it 3 5
24 WMEREMMBNZEST

fE Pb . Cu™ MR pH=S, Zn*VEWWI R
pH=6, WEFfIAE] 420 min, W RFFFIEENTE 0.10 g/L
FUFT, BN LR TG R EERE (10~250
mg/L ) X F;0,@GM WP Rerys2 i, 4558 UL 4,
ME 4 FiR, i 4S8BT ohh o vk B B3,
F;0,@GM X} 3 FheE 4 @ & 1 i W BiE ik e 45 52 3
I s B R B . E TR T R SRR
W 6 75 H ) B T v 3 A S8 P 3 K Bt A
U B ARSI K, W A RAR R . BT
00 1 S5 A AT, R o 09 A A 2 T TR
o MR, IR 7 T A AN R R S T
Wi 25 400 B o ViR JBE T AR 4 0, O ) AR 1 3
LAY SR BT 6, WA Rk B2

FIE 1.3 PR E L Langmuir BIRUFI
Freundlich #5781 X W B 5 b 4 74006, U545 5 O 1A
4, MR ESHILER 40 XIASTE R (&8 )
) Langmuir #& % F1 Freundlich &% R* #E47 H 4,
F304,@GM X M* 590 fff SE 454 Langmuir B8, %
F Langmuir BRUE75 80 e KB 5 Pb™
555 mg/g. Cu®"}y 489 mg/g. Zn*"Hy 125 mg/g, 55
6 i 5 K B 25 Pb?* 511 mg/g . Cu®' 481 mg/g.
Zn* 124 mg/g ) T, B F,0,@GM X M* I
R i i A B3 J2 W B R 3 . Freundlich H n S 510
BRFER A AU AE B B, PbY . Cu®'. Zn®"3 FhES T
¥ B8 Freundlich #1-5 FT15 1/n ¥4<0.5, £ F30,@GM
XF 3 Ff s W B 45 5 146 AT o
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500 -

IS

(=1

S
T

q./(mg/g)
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[=]

[=]
T

Langmuirfll &
,,,,,,,,, Freundlich#l&

100 |
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% 400
£ 300
N ; Langmuirfil &
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100 f
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c

125+
- 100
o
2 75t
= i Langmuirill &

50+ Freundlich# &
250
0 L

0 50 100 150 200 250
p(mg/L)
a—Pb*"; b—Cu?"; ¢c—2Zn*
Kl 4 F0,@GM XJ 3 Fft 85453 Ja i1~ S50l W RS R DL 5 i 2
Fig. 4 Fitting curves of adsorption isotherm model of three
heavy metal ions onto F30,@GM

3 M EE T NECR 2 AT RE S KB T
PARAR, REFRBUN TR, I
IR, WA, PO K& R RN, Zn®
KEARRCR, IR IS R — 2,

# 4 F;0,@GM Xf 3 FP i 4 & B8 T S IR B T L6 S 4k
Table 4 Fitting parameters of adsorption isotherm model
of three heavy metal ions onto F;0,@GM

Langmuir 1% Freundlich #27
PR i) KoLmg) ® s R
Pb** 555 0.07 0.96 158 0.24 0.93
Cu** 489 0.16 0.97 172 0.21 0.96
Zn** 125 0.21 0.99 62 0.14 0.94

XU B RS 2 2B AH R AS BEATIHE, 43
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Fig. 5 Fitting curves of thermodynamic parameters of
adsorption of heavy metal ions onto F;0,@GM
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Table 5 Thermodynamic parameters of adsorption of
heavy metal ions onto F;0,@GM

AG/(kJ/mol)

AH/(kJ/ ASITKI/(

2

R 208K 308K 318K  mol) mol'K)] K
Pb2* 561 681 801 3013 119.95 0.97
Cu®  -127 224 322 2776 9742  0.99
Zn*  —0.14  -0.93 -1.72 2340 78.99  0.98

# 6 CiRIEZ LRI ETERE
Table 6 Adsorption properties of reported porous materials

Pb*/ Cu?'/ Zn*'/

- (mee) gy (mgre) © o
R A 6.00 3.80 2.70 [31]
R A 1.60 1.64 0.05 [32]
AR A — — 65.75 [33]
it 2 ke 20 16.36 16.80 — [34]
ST — 86.00 — [35]
i+ — — 63.20 [36]
T PE R — 38.00 9.90 [37]
i s e - 3 2R 341.88  61.00 49.7 [38]
WUPER IR 141.38 — — [39]
F;0,@GM 555 489 125 AR
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Fig. 6 Competitive adsorption of three heavy metal ions
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Fig. 8 XRD patterns (a) and VSM curves (b) of CS and
F3;04,@GM before and after adsorption
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Fig. 9 FTIR spectra of CS and F;0,@GM before and after
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Fig. 10 SEM images and EDS spectra of CS and F;0,@GM before and after adsorption
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Fig. 11 N, adsorption-desorption isotherms of CS and
F304,@GM before and after adsorption
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Table 7 Specific surface area and pore structure parameters
of CS and F;0,@GM before and after adsorption

- HRTRY LA Aol AL
(m“/g) (cm’/g) (cm’/g) nm

CS 0.868 0.003 0.003 27.229

F;0,@GM 205.455 0.444 0.434 8.842

F;0,@GM-Pb* 189.265 0.449 0.444 9.482

F;0,@GM-Cu** 234.984 0.493 0.480 8.388

F;0,@GM-Zn*" 235.411 0.500 0.484 8.499
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Fig. 12 XPS spectra of CS and F;04,@GM before and after adsorption
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