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Adsorption performance of citrate intercalated MgAl layered double
hydroxides on Zn’' in aqueous solution
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Abstract: The citrate intercalated MgAl layered double hydroxides adsorbent was prepared by anion-exchange method.
The absorbents prepared were characterized by XRD, IR, SEM, BET and used to adsorb Zn*" from aqueous solutions.
The effects of adsorbent dosage, initial Zn*" concentration, pH, adsorption temperature on the Zn>" adsorption rate were
investigated. The thermodynamics and kinetics characters were discussed. The results show that the adsorption capacity
for Zn?" is affected by adsorption conditions. The suitable adsorbent dosage is 2—3 g/ L, and pH is weak acidity. Under
the above conditions, Zn*" adsorption efficiency is over 60% at the Zn>" concentration less than 80 mg/ L, and high
temperature is benefit to improve Zn>" adsorption rate. Adsorption process conforms to the secondary kinetics model, and
the isothermal adsorption curve can be described by R—P model. The adsorption process is spontaneous and endothermic.
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) Mg-Al LDHs W[ Pb™, 453K Pb™
REfg PRodi i R B, 30 °C IR B4 B VT 66.16 mg/g.
S PG CrS e S5 R TE LA Y Mg-Al LDHs
R ERE, SR BRI AR O RBR
WP RE ), AR B EEIE 105 mg/g. WAL A HLES
BRI KA )ZE, W R 14 KRS . EDTA
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1.1 IR BRI S &

F2 I8 Mg F AL BEZR LGN 2:1 Bei] Mg AL RS
MRERVI A, 448 NaOH Il Nay,CO; HIEE/R LN 2:1
BeHR A IR Bo # A B W BEFE T [ A28 1830
In% 300 mL 2 &K, F R s R LLOREF pH (i
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W IE. 480 CHEE, HIfE o iR KA,
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PRSI, 400~800 cm ™ Yi Bl A U T 2 MR e
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Fig. 1 XRD patterns of different samples: (a) MgAI-COs
LDHs; (b) MgAIl-CA LDHs; (¢) Zn-adsorbed LDHs
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Fig. 2 IR spectra of different samples
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Fig. 3 TG-DTA curves of MgAl-CA LDHs
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Fig. 4 SEM images of MgAl-CA LDHs before(a) and after(b)

adsorption
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KA BN & B A R FE N ] 5(a)fi s, SE
BAPEUTR: 25 °C, Zn” WA A 100 mg/L, %
pH fHLRFFLE 6 /idas

tHIE 5(@)rT LLE Y, 7EmAI 60 min N, 70%LA
P ATIRB HFY Zn® BB S B MgAL-CA LDHs W Bff, i
5 R B IS TRD PRI 0T, R B 2R SR M 8 o 22~ [T
FILAE H, BEAE PR IR 1 0, R B 23 i 44
) 1P == Rk i [EiaBe 7 L KB A L) SR AR
B 3 U (EE BT W B AR Zn™* ) ST R B
Qo) WAL 5(b)), 32 H TR B 771 22 184
Sy IR a3 M a4 R VAR (P2 AR E AT LA
FISAH TR, BULRHR AL AT, Zn® W3R X
T e o SREIET% FE I B 5 by BN o e WG o 7)) VB B
MgAI-CA LDHs $n & P 2~3 g/L A 'H .
2.2.2 Zn® UG EXT I BT () 5

7 25 ‘CII4ME R, In N MgAl-CA LDHs 4y 2 g/L,
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Fig. 5 Effect of adsorbent dosage on adsorption rate(a) and

equilibrium adsorption amount(b)
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VR EE Zo® (R0 T, R PR 72 T 1 B o A X 5
b, BTN R AR, 24 Zn” WKRE 10 mg/L BN &
80 mg/L I}, WLF# HH 96% %% 65%, Q. H 4.84 mg/g
B4 26.03 mg/g. 4 Zn* WK KT 80 mg/L, Q.1
negte, AT e, HLRss RS H, MgAl-CA
LDHs Wy B LLAREE Zn® 9 SRR 80 me/L IR
HH
2.2.3  HJUG pH X Zn® W 1 5

EW IR E A 25 °C, Zn® VEIRAVIERIREE A 100
mg/L, KIFATHEEN 2 g/L, WIHh pH X W B 5 (1) 52 0
wEl 7 Bros. HIE 7 WLUE W, BEE pH RS,
W B R ET I N, A pH Dk 7 WA BIEOE, 4k
T pH {8, MR SO R R X 45 R EEE T pH
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Fig. 7 Effect of pH on adsorption rate
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Fig. 8 Effect of temperature on Zn" adsorption rate
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Fig. 9 Kinetics fitting curves at different temperatures
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Table 1 Kinetics fitting parameters
First-order Second-order
Temperature/ 'C 0 0
Qe kl R SN Qe kZ R SN
25 29.55 0.055 0.8768 0.183 33.55 0.00218 0.9470 0.120
30 35.06 0.067 0.8996 0.153 39.41 0.00233 0.9647 0.089
40 53.63 0.109 0.9020 2.162 58.91 0.00274 0.9708 0.775
50 69.27 0.149 0.9169 0.099 75.33 0.00302 0.9763 0.0530
BRI TR —, A AR REAH ], H M2 1=, 60
O~ OmaxK1pe/ (11K pe) (7
I 2 Qe Ormax 73901 1y~ H65 B B8 A1 £ KW B H, mg/ g5 "en
N T bl e S . . 80
pe MWL R h Zn® TS, mg/L: Ko A go
Langmuir 7% 4. Q 55
| |
Freunlich W ff &5 202 — N H B it <5se  f - Freundlich mode ©030°C
. Rk A T o7 ---R- A 40°C
2o AN, BT LU RHEA R AN ok R 0 e ode 50T
IpAA GRS, F dlich W% Bf: . . . .
BRORL S5 AH AR I R TR Bk A2 . Freundlich W fff 5 %0 < 50 0 150

SR A
OKep." (8)
A\ Kr ol Freundlich #%0: n AR, — Mk
Ay 0.1<1/n<0.5 I, Sy FWelft; M4 1/n>20, X
DAV B
Redlich—Peterson (R-P) 15 & 45 &5 Langmiur Al
Freundlich A4 1§ AL B R 0 AR, ATy
O=Ap:/(1+Bpc°) )
e 4 ZHWINEG RS B YW MEENH
RIVARHHG 185 g AT 0 1 Z 250 5 2
SINFRZEY I i % S(Residual root mean square
error, RMSE) /75 96 (Chi-square test, y*)#§4¢it

SRR A SR, 0l ol
5= 3y -0 (10)
r = N -1 ] exp cal
_ 2
12 — ﬁM (11)
n=1 Qexp

WS B S e (R4 5 SR 1] 10 o HHER 2 Kk
W, Langmuir BEBYAH%SF Freundlich #7445 L%
U, A 0 PR KR B 5 g I I~ T B B 5 B AH AT
L VR 5 RS KT S N ST B R, (R
Langmuir #8835 &1 i R BT %) T MgAI-CA

pc/(mg-L™)
10 AN[ERELEEN AR A5 T 2k

Fig. 10 Adsorption isotherms at different temperatures
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ZEAFTRRIR B 1, M, 2545 Langmuir F1 Freundlich
B R-P B, SRR R B85 100
242 W SH
WS H AGS. AHP R ASP 756 R AR &
AG® =AH°-TAS® (12)
X PR A R, AGO. AH® AS® 5[H—5
e RHL Ky 2 A7 R 512 &P

AG®=—RTIn K (13)
K=v0c/(vepe) (14)
In K&=AS®/R—AH®/(RT) (15)

s ves ve ATEFEREL R 1. B In(Oclpe)
X OAEE, A 00, HITT152) In Kyo HR 4S50 2040
AR 25, 30, 40 A1 50 ‘C R In Ky {54535 4 3.88.
3.89. 4.82. 4.97. FLL /T JEALKE, In(Kg) A AR
YRR, I ZePERIA T8 — 4R B, IR
I AT AR ) AH® 1 AS® BB T R g 3
J%i.
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Table 2 Parameters of isotherms
Temperature/ Langmuir model Freundlich model R—P model
T 0. K. R P S, Ke n R ‘S 4 B g R 34 S
25 28.63 0.39 0.9914 0.71 1.05 11.83 499 0.8832 548 2.81 16.42 0.76 0.94 0.9972 0.128 0.542
30 33.66 036 0.9493 3.37 3.06 12.54 435 09397 4.58 2.55 3428 1.92 0.85 0.9883 0.556 1.340
40 41.55 040 0.9525 3.14 3.50 16.54 4.55 0.9507 5.04 2.94 75.87 3.49 0.85 0.9913 0.455 1.421
50 48.31 0.41 0.9349 9.61 493 19.38 435 0.9320 842 4.08 112.64 448 0.84 0.9773 1.330 2.655
x3 RS H
Table 3 Thermodynamics parameters
AG®/(kJ-mol ")
AH®/(kJ-mol ") AS®/(Imol K E,/(kJ-mol ")
25°C 30°C 40 °C 50 C
—9.61 —9.80 —12.54 —-13.35 40.17 166.51 10.71

W B A B () B I T Wl B e 4 0L P52 (1 A2 AE K
R, ABAERT RSB BEAT YL K I, W B AL A
E, SREAAAE N IIR AR

In k=In ky—E./(RT) (16)

LK 1 B3 RN ECR T by Bds, LA
Ink, %) UTYEE, IS HZRIRPE R E,o

% 3 Jafs, AG®<0, ¥l MgAl-CA LDHs
WL R Zn® (Rt FE i — A R A FE . AHO>0, B
B AR S N, T BT SOV EAT . Ok
Wi, PRy ke pE AR S, R AAR® S 4~10
kJ/mol; 40 Fff ) k&4 Sy, AH® 2y 40 kJ/mol A4+ s
TR B A 22t i, AH® KT 60 k/mol), S5
3 AH®=40.17 kJ/mol, 5t WK B 7 I A S0 T .
ASO>0, R PRt o 48 o (1 o A p TR
Bt LB Zn® (BRI T R GE R AR 1

2.5 RN

IICTES A R B 80 D 4 Je B i I R T
VN RIS RIS R B G R Nt
e, P 1 M XRD WA CLEH, Wz’ SN
MgAI-CA LDHs {3{R$F/KMEAMaity, H2m s
COs™ 25 /K AT AT G, 14 CO” B 1 i
TR BRI R B CO, TS, B B e
AHATS Ve B, 2 IR B ot et v AR B e e A
XA, BRI Bt R R A 2R T PR S o LR
4 1 EDX Fr M R, W HT Mg F1 Al BEIR L
i 2.04, TMEFEAS K 1.95, i HHEE > Mg e I i
MR R AT WM, NER B, i S,

MgAI-CA LDHs ) XRD 3%+ (110) 45 [Hi 7 = 1 1 75 17
B (LB 1), REHC A3 R, S8 10
() IR, R K B 7242 K Zn® AR Mg i ik
ffj. XRD Ml EDX 45 M. J2R i Mg™' 5 Zn™'
RAET MR, Soh, KgAK E S Ol , ixit
OH AEMSWL BT T (1 Zn™ T IR &1, W B R w]
LAk Ayt

Sur-OH+Zn*" —>Sur-O-Zn"+H" (17)

RS2 pH A, 18] 7 45 KW T pH (A
R, BEAE pH (RSN, Wb Rl 2 1
Jn, AR pH I 23 iE OB B Zn(OH), JTvE kA5 £F
KA, BLIE T 7K A k2D R B P 6 Zn™
)5, %k MgAI-CA LDHs WY B i 5 1) TR #3% & B0,
1616 cm' [AFF B IRAR TR IRIR B 1 1 4R 5 W B 2 3
1610 cm ™' 4k, RUPRRIRE 75 Zn® R T BCAH)
Wt B2 [A] R R A 1R 25—l It PC 5 FH VR B T i 1
Zn*t,

2t FFTi&, MgAl-CA LDHs Wi /K Zn®

% 4 MgAI-CA LDHs Wi fF EDX 43#7 45 31
Table 4 EDX analysis results of MgAl-CA LDHs before and

after adsorption

Mass fraction/% Molar ratio of

Sample
Mg Al 7n Mg to Al
MEAL-CALDHs 5 o5 53 0 2.04
before adsorption
MgAL-CALDHs 1, o5 g5 379 1.95

after adsorption
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1) DUBRIRHIEZ 1 MgAl KA N RTA, SRS
TA WAL EAT R Z MgAlL KiE 4. BT )2 i
ANTFBERE T, PR E MgAl KA1 T
o Zn® A R A B A

2) MBI K AR Zn® WIRRIRE . W
pH LA K W BRI FE S Zn W R R (R s ma 45, ZK T AT
TR0, Zo® W PR E I N, E A o R I PR R
B AR, KA BN LA 2~3 ¢/L N E s Zn” WILRHK
JEREK, Zn* WP N, Zo® WG IR BE A
80 mg/L 1 LAYERFIN f R AE 60% LA -5 %53 pH 4%
A TR T B A AEIRAS, RS Zn® (1
Bf, SEEGRBL pH N 5~6 W, Zn™ W R W
TR OB TN R T B2 R Zn™ PRI S b B R By W A

3) ARG R R WS RS =
SREE, W BELRES 10.71 kI/mol.

4) AIJFE R AR L WP SR LT H R-P
JIFRRA, WA E R IRE, R R A W R R

KA
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