5539 %5 12 ) 7= S N S O 4 Vol.39,No.12
2019 4F 12 A Acta Scientiae Circumstantiae Dec., 2019

DOI:10.13671/j.hjkxxb.2019.0321

BRIGEL, SR (AT FR 4, 55.2019.Zn-LDHs B BB 22 A % Cd (11) W B R K AR LA 5T [ 1] I8 R4 2531 ,39(12) :4004-4014

Chen L. H, Zhang X L, He C Y, et al. 2019. Adsorption behavior and mechanisms for Cd (1) by modified maifanite coated with Zn-LDHs[ J].Acta
Scientiae Circumstantiae,39(12) ;:4004-4014

Zn-LDHsB R ZE R A 3T Cd ( 11) IR Bt 4 88 & H £
BB

MR 4L, SKANR " TR, Sl R W& B4R HE5H &, T

RRELAF¥ AT REHAFER, KX 430070

FEE R KIS UTIE AR S A T A D Zn RIZRAE: T8 A A ) (Zn-LDHs ) |, - XF R AR 32 1R A1 #6478 B oM 45 31 Zn-LDHs 78 i it
FRA 18 REE T (EDS) A& 3 & S35 1 T AT ( FE-SEM) 46 I et i s 22 1R A, B FFHA IR S ZnFe-LDHs 78 8001 2 4 £7 19T 850
FTZE AR R X AT (XRD) X RIRZZ R AT ZnFe-LDHs 8 B BICPEAZ YRAT B S5 FA HEATZRAE 5 380 400 55 T IR R 56 | gp g 330 TR B 2l
F1FIRS W AT IR R TR] pH (B S AF T 1 R0 1 38 4 88 0 R, 49 Zn-LDHs B8 BRI 22 W A0 Xt Cd (TT) 194 R o 20028 B LA
HUHL. 5 R 0, Zn-LDHs 3 IR I 220047 % Cd (TT) 1A BRI i 3 4 7, o ZnFe-LDHs 28 5 BIt: 22 07 160 R FFF 25 1 (2500 mg-kg™' ) #E R
SREFAT (714.29 mg-kg™" ) #8755 T 3.5 5 ; W R At ] | pHL F 1R B 4% {2 80 XoF W2 o 265 5k 7= £ 52 ) 5 Zn-LDHs 38 58 BA 1k 22 40 A W B 2o 2 O A
Langmuir CEVRAETR E TG Bh S 2E R Elovich AR Ay 38 5] () B0 2 Ak 24 W B, T T 8K 22 0 0 W B i FE 4 A Freundlich 25 3R AU Al — 2%
B 7R WG SRS BL H E 15) 22 45 F R B B 5 Zn-LDHs B BB 2240 A1 A1 2 B4 AGP <0, AH <0, AS? >0, 13t B Zn-LDHs 3 S O 22 1R A1
Yo CA (L) B B2 1 & BCHRG R , RARZZ A W B D 1 2 B i AL e F 9T 45 1 7T S ZnFe-LDHs 28 B B 1 22 00 40 A %00 FH T A4 25 TR Bk
CA(I) SR PR ARAE FI R S5

KSR WM WA Zn-LDHs ; CA (1) s itk

X B S :0253-2468(2019) 12-4004- 11 hE 4 22 .X703 ERFRIRAD : A

Adsorption behavior and mechanisms for Cd(II) by modified maifanite coated
with Zn-LDHs

CHEN Lihong, ZHANG Xiangling”, HE Chunyan, GAO Jingtian, ZHAO Shuangjie, XUE Yu, JI Yunsen,
DOU Yankai
School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070

Abstract: Two kinds of Zn-layered double hydroxides ( Zn-LDHs) were synthesized by co-precipitation method under alkaline conditions and in situ
coated on natural maifanite to obtain Zn-LDHs modified maifanite. The morphology structure and chemical composition of the maifanite before and after
modification, and adsorbed ZnFe-LDHs modified maifanite were characterized with Energy Dispersive Spectroscopy ( EDS) and Field Emission Scanning
Electron Microscopy ( FE-SEM ). In addition, the crystal structure of the natural and ZnFe-LDHs modified maifanite were analyzed by using X-ray
diffraction (XRD). The adsorption, desorption, adsorption kinetics, adsorption thermodynamic tests, adsorption tests under different pH conditions and
competitive adsorption tests were carried out to investigate the adsorption effects and mechanisms of Cd(1l) adsorption by natural maifanite and Zn-LDHs
modified maifanite. The results showed that the Cd(II) adsorption performance of Zn-LDHs modified maifanite was significantly improved, and the
saturated adsorption capacity of ZnFe-LDHs modified maifanite (2500 mg-kg™') was 3.5 times higher than that of natural maifanite(714.29 mg-kg™').
The adsorption time, pH values and temperature had certain influence on the adsorption capacity of maifanite. The adsorption process of Zn-LDHs modified
maifanite was well fitted with Langmuir model, pseudo-second-order kinetic model and Elovich model, which was homogeneous monolayer chemical
adsorption. While the adsorption process of natural maifanite conformed to Freundlich model and pseudo-first-order kinetic model, and the adsorption type
was attributed to be heterogeneous multilayer physical adsorption. The thermodynamic parameters of Zn-LDHs modified maifanite ( AG’ <0, AH’<O0,
AS’>0) indicated that the adsorption of Cd(Il) by Zn-LDHs modified maifanite was a spontaneous exothermic process, while the natural maifanite
adsorption was a spontaneous endothermic process. The research results could provide theoretical basis and technical support for the effective application of
ZnFe-LDHs modified maifanite for the removal of Cd(II) in ecological engineering.
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1 5|5 (Introduction)

UTAER Bl 6 ) T i) PRk A e B N 1 84 fe
BTG N, 7K R B 4 g T Y n] Bk % 7™ 8, Horp
B (CA(ID) ) X A At R A 6 # K 0 e 5 (R bk 4%
2016) S fE—Fh Ak 4R, AW = ik 10 ~
30 a, BEAE MR B EHARER , i s i 22 R BN FE
T-(Nawrot et al., 2006) , Bt-A [ PR I5% 80 %) 2 Al =
557 8 DA 43 B 22 51 o3 AR S N S5 S 0 fa A
g Bl A FE W BT (JE 8O, 2017) 4R 2l AR
SHLT BRSO BRI R A IR 6 R
T J2 v B R ) R [ R I ) 5 452 45 O Ak A PR R
H (Patar et al., 2016) . HHJE P &ME PR E 57 % K 19
Ty B BEE B T A R A A AR
JEE 3 15 LA KA 22 U VE 12555 ( Karami et al., 2013).
HE g B DR R A T R TR, 7E SE PR T AR
AR T 2 BN (Zhou et al., 2018).

H AT — Tl A RAF R0 B | A i
Wy RE R PSR AU B S 5 0 W AR St 2o AL P v 4
ARFFIREEH XA W) T /E 0, e R T AROR | W B %
AU (Gao et al., 2012) , HIEEFRERFEE T, &4
B, DR G 8 T 45 K AL B AT s (TR 2B AR5 1988
ZE0R 4, 2008 ). A B 5Y R W 2 R A7 % P (11)
Cd(IT) Ni(II) Zn(II) Hg(II) .Co(II) 4 )@ & 1 E.
A—E R ERGCR (TEHARA, 1988)  (HRIRFE N
ARMESIRGE , BEE2E, AR ERE TR
2o, B - 2 4k e R B — Y SR R A, X
R BT BRSO BR. A 2 & KR 22 Akt
Cd (11) B W BRI, Al A T 3 2 b v s 3L 451 4
FBRALIE AR o3 A= 5, s FL 1 FNFL B 245 #1521 2l 3%
(B35 %, 2015).

JZOR W 4 J@ A A b ) ( Layered Double
Hydroxides, LDHs) 7 IE HL TR & 4 8 Z 8k
BT, S EA AL 2 BRI & Ll 3R T8 AR 1Y Rk 2
IREERG I A TCHLAS B (Gonzalez et al., 2015) . Fi i
W % BT (M2 45, 2016, 16 7% 45, 2018; Fang
et al., 2018; Gao et al., 2018; 3K #1245, 2019),
Zn-LDHs B B2l PR DR 15 K i &L B 5 K IR &
BIRATT Y S Cr(VI) 3947 R4 22 BRACR. Rl
AR 22 R R ZnCL W 3 1 55 AICL, A1 FeCl,
BIAE I ZnAl-LDHs X ZnFe-LDHs , 378 T K9k F
TRAT AT 5 LA ] 28 14 oM 22 0 R W BB 30, R K 22
TRAT SRR 2L 3 ok 5 1 A BRI Sk R P it | i
R AT 2y W 3l g 27 AN TR pH (A5 T
) W B3 0 o A W B, % L R AR 2 R 5

TR 22 R B T B M B R 9T Zn-LDHs 7 i ek
PN 22 AR AT W B Cd (1) 85 M DR 28 R A FALEE, -
39 1 5 B W B 28 1) Zn-LDHs 75 B SS 780 hy i
A AR T Cd (1) #2452

2 ##5 7% ( Materials and methods)

2.1 HHRE
2,11 R E AR R T R R AR A W T
BT, H R T HLRE A, SR E I ) 4 . R
SR I BN AR 2 ~4 mm, T
BN 2,715 g-em™  HEFUEJE N 1.206 g+ em ™, 55
BN 55.6% , U1 & BB 0 Si L0 Al 55,
2.1.2  BMRA SR BT A R ZnCl,
(AR) .AICL,-6H,0 ( AR) .FeCl,» 6H,0 ( AR) .NaOH
(AR) , ¥ A [ 245 £ b A5 A BRZA 7] Cd (1)
FRUER R H CdSO,-3/8H,0 (AR) Ji#AZli /K (UPT-
11-10T #4ti/KHL) B .
2.1.3 B E MM T RAKB-SLIIIEE
#1145 Zn-LDHs ( ZnAl-LDHs . ZnFe-LDHs ) Jf- 7 JI& ol 7
AT LA 45 Zn Al-LDHs 8 [ ok P 22 W47 R ]« B
800 g PEHF I KR FE WA TLA 2 L M H, HT 80
°C 1 IR 7K VA 58 ( SHZ-84 , VT30 8 M B 42 Fe 28 4
BN A BT 25% NaOH 5 5 pH {8, ffi
HHEFRFAE 11 2247 B BLHI A9 2 mol « L™ ZnClL I AN
1 mol - L™ AICL, ¥ V& [R] B I A B AT R AR 22 W 1) e
PR RpEedie 2 b JEEUHE B A9, K O 80
CHFRI 16 h; LB FARFEERIR S Y 2% K
Jrp e, BT 60 C LA T8, RIFS ZnAl-LDHs
I A P 2 A

K E EDAX /A # GENESIS 41 fig it 43 ¥t
CCEDS) BL & 3 & 50 14 W+ W I BE ( Field
Emission Scanning Electron Microscope, FE-SEM) £
DN S B 22 1A R R AR 2 AR A IR TR SR A e R A
1k RS E AXS 23 7] D8 Advance 15 X £k A
ST TRE S AR L S5 R 43 #
2.1.4 A g7 sk KGN T A AR 2N DR iR AR R | A
LA BUR IR 3R 4 E-1750 % FHE B, DL ik
R al, 1 B E 254 A A0 A BR A 7L oR
FHLL FARF0 B 1.0 mol - L' BRFR AW 1.0 mol - L™
WAL RPN ML FR VS W10 g« L' 3R LM BE-1750 ¥
% .0.5 g- L' P B I .10 mg- L' W4 FR 57 V%5
T2 R AR ERR£R . B 6 4~ 50 mL A9 2 &, 435
A 0.1.00.2.00.3.00.4.00.5.00 mL 4 10 mg-L ™" ¥
WRFR VA M A 3 mL 1.0 mol - L™ BRI WK .
4 mL 1.0 mol - L™" Ml Ak #0-B IR 1fl #R V& W . 2 mL



4006 w8 R

¥

39 %

10 gL' R OMPE-1750 ¥ 1.8 mL 0.5 g- L' %4
B B IS W 541 J5 B 10 min, {4006 06 B 3
(UV-1100, MAPADA ) 7 5 K 4 600 nm s3]
SEWGRE R, I I 2 45 S 22 1 s o il 28 AR 3
FRIfE RN 5 Cd (11) 5 P 1 o3 e e B (A T A
MW P CAd () T E R E (TR E4E, 2016).

2.2 RMHR I

22.1 £ ERMRB A KR E WA SR
Zn-LDHs 78 I 2514 22 4% A 647 46 T W R 3 565 -l
FREL0.5 g HURHE T 8 4> 250 mL HZEHEE M, [H]
BFE FHIM AR BT v B2 (0,1,2.,4.8,16,32 64
mg- L") BICA (1) AR AERS MR 100 mL, H ZEHA H I
KPR G o rh R E R (25 1) °C 53 h 160
remin” \pH {EH 7 MIZ5F T4k 24 h, & o ig)s
MAE FRFWAPCd (1) By e

222 MEHRE B RS IR R S A
TR LB KRS, BHTRCA 250 mL HLZEHEIE R
o TRIEHIIA 3 mol - L' ) NaCl ¥ 100 mL, & FH
BKBIRG A, FEIRE (25+1) C % # 160
remin” B SEME TR 6 h, i E IR E IS W
RCA(I) iR

223 WM A FRE  ITE 298.15,308.15,
318.15 K &% 3 AT 50 FE N HEA T 45 R 0 S
IR IR 2.2.1 75 2505 R 56

2.2.4 W EH A R I BCH N R D IR

(0.1.4.8.16 mg-L™") AYCA(IT) bRUEET ; 43 ) Fx B
0.5 g IR AT K Wi PP Zn-LDHs 78 I ol 1 22 A1 T
250 mL HZEHEIC I, G S HL 100 mL CA(11) FRifE
WA R Ot 8 TR KR e, e IR
(25+1) °C J%3 160 remin ' (IS TR, TikE
(1) — ZR N s () o5 U BB AN [R) A TR 0, Ao i,
E FIEW P CA (1) By BT Rk B

225 AFE pHE &M THRMRE Al FRE
0.5 g RIRFE R A A ZnFe-LDHs B MR A T
250 mL H ZEHEIE i, 3 B CA (1) W 45 Mk B
8 mg- L™ FEWI IR AT pH E 0 6.7 .8, I E K
(25+1) C, %% 160 r-min~' 1T, & THHEIEAKSL
PR 4R 24 h, FE 2T UEHCEEWI E Cd (1) 1Y
22,6 EFBETRMAE FRIL0.5 g ZnFe-LDHs
B2 A S T 250 mL BLZEHEIR T, [
ARG R (0.2.4.8.16.32 mg- L") 4
CA(ID) FRUEVE WA 16 mg - L™ 4 3% 4 B3 F ( Mg™ .
K* .POY NH] NO;) % 50 mL. H ek 56 B B H]2.2.1
AR B

3 ZEREITiE (Results and discussions)

3.1 BEERMWHEZRE W& WA R F K4
A
E 1 A & S R B30 (FE-SEM)

b}
RIS

B1 RHERASERMIEZIRA R FE-SEM E (a. ZnAl-LDHsE AR A7 ;b. ZnFe-LDHs B IRMME AR A7 ;0. RERZENRAT)
Fig.1 FE-SEM images of natural and modified Maifanite ( a. ZnAl-LDHs modified maifanite, b. ZnFe-LDHs modified maifanite, c. natural maifanite )
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X BRI S 22 VR A 2R TETE S A I 285 SR AT AR I
FIRF A (B Le) FMIARLEE | L2 25 fof A F
B MEHUE 5 T Zn-LDHs 88 BB 22 A7 (8] 1a,1b)
FMAHXTF- % A B 5 S B ) ; 5 Zn-LDHs 8

PR, FORE R 10 AR A S5 AT AR K I A2 1k, KR

2 AT R T 1) 23 8 D IR ) S BT B S i AE AAR
ST A6 RIRZE A1 Il ZnFe-LDHs 78 5 0P 22 1R

LR SRR
C 17.45%
(¢} 57.66%
Mg 0.89%
> Al 7.98%
2z Si 13.12%
© K 1.94%
Fe 0.60%
ﬁ‘Cal Fe Pt Pt ‘
5 10 15 20
Energy/keV

LN

ARIRETE AT AL (EDS ) A 485 5 (181 2) W L& PR,
FHER T RIRFE AT, ZnFe-LDHs 7 ok P 22t 47
Zn LR TR EUN 0 B % 3.18% , Fe JTLE I T
I3EUH 0.6%38 % 3.92% ; Bl ZnFe-LDHs f4 78 I ol 1
BN T A A OB T R AP 2 S R R T R
4 5T H 34K

101 LR RESH
C 26.09%
O 53.82%
Al 2.93%
% Si 8.42%
2 5t0 g a 1.65%
° Fe 3.92%
Zn Zn 3.18%
EeA]Pt Fe
0 W ! )\ ZAn Pt Pt . .
0 5 10 15 20
Energy/keV

B2 X#HZEIRE (a)5 ZnFe-LDHs BIEMIEERA (b) B EDS S5 R
Fig.2 EDS analysis results of natural (a) and ZnFe-LDHs modified Maifanite (b)

Kl 3 a.3b A3 ) R W B 88 S5 ZnFe-LDHs 78 I
FW A Y FE-SEM F1 EDS #0145 5. A 3 w1,
MCd (1) J5 1Y ZnFe-LDHs 75 JI5 5% W 7 ¢ 1 {15 A B

ol S
i AS I £ 0
Al
>
]
5 5t
Mg
ol
ol
0

10 um

AR Y, BB ot EDS K & B, 7E ZnFe-
LDHs 78 JE 22 1R A1 2 10 A #2 B9AF 78, B Cd (11) #ff
A ZnFe-LDHs 72 P01 2 A i e B

B3 ZnFe-LDHs R 14 & R WM /5#) FE-SEM(a) #1 EDS 5477 (b) &R
Fig.3 FE-SEM (a) and EDS (b) analysis results adsorbed ZnFe-LDHs modified Maifanite

FHI X B AT (XRD) 43 591 %6 A< 3 56 v (%) 4
ZnFe-LDHs , K8k % A1 Al ZnFe-LDHs 7 X ol P 42
W AT 0T, 25 R ANE] 4 Fr7s. T LUK B, 46 ZnFe-
LDHs Z47F 11° .23° .35° 39° 47° .60° Fl 62°4b £ 7
AT S 0, 43 50 XF R LDHs Hit 51 ER AF 16 (003) |
(006) .(012) .(015) . (018) . (110) F(113), 52
PR A AL Y B BR HE JCPDS 38-0715 AH PC i
( Rajeshkhanna et al., 2018) ; H# B WA | ZnFe-
LDHs 75 Bk M 24 1) XRD BIEA A KIRFE R
A AT S T ELIA A5 50 B Uk 55 19 LDHs 9 7 4%
W | Ud BH AR 56 0 RE il 4 ZnFe-LDHs H-f H 78 i
T RIRE A R

i SIS Vig o
C 2.11%
o) 5321%
Al 7.14%
Si 10.15%
Fe 2.32%
7n 1.42%
Cd 0.06%
K
Pt
Cd Fe
Cl it ‘ ZAn l)tl Pt L 1
10 15 20
Energy/keV
903 006 l
4 ! 018
012p 015 110 113
o ZnFe-LDHs
z| I
z|
g ‘\‘—L‘lﬂ l
g RIRFE
ZnFe-LDHs
o B P
1 1 1 1 ‘1 J
10 20 30 40 50 60 70 80
20/°)

El4 XAEI{EA ZnFe-LDHs BRI MR A H XRD Eif
Fig.4 XRD patterns of natural maifanite and ZnFe-LDHs

modified maifanite



4008 N A 39 %
32 EBAHED Sefr, € g, 1 g, b B KR Bt

A o 467 ik 28 FH DA 3 — 7 il BT W B ) e
A N B 25 B S W B L (Acar et al., 2015) ;4%
5T % H Langmuir F Freundlich S5 TR R AR AR X6
Zn-LDHs 7 I Bic 1k 22 A0 F R SR 22 WA TE R Rl 0 i
TR T W B I B s A T
(C,-C)V
= (1)
A, € WA Cd (1) R (mg-L7') 5 €, h
WIGG CA(I) & B (mg - L7") 5 q. o~ T 1 W% Fff 4
(mg-kg™") 3 V ATEBIAF(L) sm IR BTR (g).
Langmuir 55l W B .
C._ 1
7. K,

qe

C.
+ (2)
q[ll

qﬂ

(mg-kg1 ) ;K,j‘:l Langmuir SF“@T#@( L'mgfl ).
Freundlich 2515 W% FFHAE A

(3)

K, C /g [H by n AR RBG KN
Freundlich % %% (mg' ™" L kg™ ). HoH 1/n (HFE R
B A FH iR B2, LB /0 D IR T T 5 52 o 5] 1 485 5
FoE s 1gK, REAE 378 SEUBHI M 2 1 /0N, HAH BOR
W B} RE 18k ( Carja et al., 2005).

XF A B IR 5 B B8 i 1T Langmuir
Freundlich S5 W B RIHLA | A5 ANk 1 Fos.

1
lgg, = —lgC, + 1gK;
n

®1 Zn-LDHsBENMZRAMRAZRANEBRMERLLESSH

Table 1  Adsorption isothermal parameters of

natural and Zn-LDHs Modified Maifanite

Langmuir #5571 Freundlich 5%
e K/ / 1gK ./
R L i M i R 71—. F i Un
(L-mg™") (mg-kg™) (mg'™"L"kg™")
ZnAl-LDHs
" 0.9911 0.3704 1000.00 0.8231 2.3565 0.3266
B A
Znle-LDHs 0.9923 0.1481 2500.00 0.8780 2.4883 0.5124
R A e ’ ’ : ’ ’
RIRFERA 0.9079 1.0000 714.29 0.9478 2.1371 0.6190

£ Langmuir 5575 B AR T RIR 1R
£1(714.29 mg-kg™") ) HE ¢ B AR I FfF 25 &
ZnFe-LDHs P22 0% 41 (2500 mg kg™ ) &5 T
3 4% LA I, ZnAl-LDHs 8 B ok M 22 P A& (1000
mg-kg™ ) WIE KT 50% ; X B IS F5e A B 25
i 47 HF J¥. ZnFe-LDHs 7 JBE M Pk 2 R A >
ZnAl-LDHs 7 e R 2 A > RARZE WA ] I,
Zn-LDHs 78 e 4 e A7 25044 s 22 WA X Cd (10) Ay 3
WA AT B 75 5, FL etk SO TA] 1 0 g B
Z5 i ST AR B AN ] 9 FL R L, — i ph T
MOV 22 A7 5% T RS R M % Zn-LDHs, % W Y
CA(ID) A] 544 47 1 LDHs H ) Zn & A= A 5%
fRLIE KT 9 LDHs 2 B8 7 30k 32 18 ( Zhou et al.
2018) ;55— J7 1fi, LDHs g #4238 11 A7 76 K 5 /i
T4 B TRl B L A A B H A ) R T R
F5 Cd(1n) B R Ah 2 2 1 4% A ¥ (Shan et al.,
2015) . [ Z A1, ZnFe-LDHs 78 s 20 M 22 0 A Bt K
T IR, 25 2t 2 Zn AL-LDHs B i ok 1t 24 0 19 2.5
i , A WF5E & B LDHs T2 Lo AL | a2 i iR i
JEMY LDHs, 75 B 5 BR Ak By Be b, 3 78 BURR E 1

LDHs %5 4 ( Carja et al., 2005) ; %F T[] 25 5 1)
LDHs, Fe’ 2 428/NF AL BB F2F 48, Fe™ i AL BE SR
T A" i FeCl, 2 5 & MY ZnFe-LDHs 3 i 1 %}
LDHs JZ[E] CI” B 5] 77 ( Bruna et al., 2009) , B I,
ZnFe-LDHs [ 45 & 2 AL F ZnAl-LDHs, #H 1 Hb
ZnFe-LDHs 7 JI5 ok M 22 1 A 19 W B P BB AR T
ZnAl-LDHs 78 IR e 22 A

RYJEM R SR SR ik 1 FF
7N, Zn-LDHsFE PPk 42 A Langmuir 55 I W B 52
HIPHY R* 5T Freundlich #8Y  H R*¥ K F0.99,
VtHH Langmuir FE7 B8 5 47 M 15 78 Zn- LD Hs 78 S i P
FRATRTCA (L) P FF i 72, RS 1) T 2R 00 7 2
W 6 (FLAE %4 2007) . % F KRR E A, Langmuir
FERIFN Freundlich A7 R* 43512k 0.9079 F1 0.9478
VLB K AR A2 A B4 4 Freundlich 578 B4 ) T
A1 50 W B ) FR1H 22 53 J2 R B PR AR BT, JEDRLR
T ) Zn-LDHs B RS0 A0S T 22 A % Cd (D) 1
FhF2IE A,

1/ B2 55 W B i 32 AR08 6 590 2R 10 AN 34 S0 1k
KB HEL, U/n AEBN B RE AT — BB LT,
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21 0<1/n<0.5 B R 25 5 W BF,0.5<1/n<1 L
B, 1<1/n Bt M F 0% Bt ( Arfaoui et al., 2008) ; A
1 A1, ZnAl-LDHs B B0 PE 22 Y41 Fll ZnFe-LDHs
TN PE ZE AT 1/n (B2 3R 0.3266 F10.5124,
M RIREZ WA A 0.6196. [6] B | 1gK, AE 1 [A] 422 iz e 351
AL BEBE 3 RN, A B K, W B RE ) B A
ZnAl-LDHs 7 B PE 2 A ZnFe-LDHs R0 PE
WAT IR SR 2 AT B 1gK 43 591 R 2.3565 ,2.4883
21371, HoR/MEF 5 Langmuir A5 75 o B8 f KA
FIG B 75 B — 3, ZnFe-LDHs 78 ok ME R4 >
ZnAl-LDHs B R VEZ A > RIREZ R A It Al
W, 28 7Zn-LDHs B RS bt | 208} A4 IR B e 7 P P 2
FRF 1) 25 27 W Bz A, B R T IRDREX Cd (1) B W
PRI 17T Zn-LDHs 7 16 2l 4 22 0 A 28 B L 1 R o
PERE.
3.3 AR MR

HARGE Zn-LDHs T8 5 e 14 22 0 A 1) 1l e )
PERE, X Zn-LDHs 78 B 2o P 22 0% 3 78 A [R] 490 4 e 38
6T R B0 45 TR F AT A O B 5 A R T B
AKX (4).

v,
B= (Cy =€)V,

K E NI C) W CA (1) i) 1h v B
(mg- L );C, Ry W2 o6 S A Bsf 35 TR Cd(1I) )
(mg-L7") s C, N RWR B0 J - #r 75  h Cd (11) v
FE(mg - L) 5V, V, 53500 Ay W 80 R e 0 9 ) A4 R
(L).

2 AN 15 ZnAl-LDHs 7 5 ok M 22 00 7 1) fidt
W2 %N 64.01% ~95.99% . ZnFe-LDHs 75 i ok P 42 1
AR N 69.52% ~98.50% , KIRFEARAT H i e =
WA, R 61.25% ~92.93% , 13 HH 9 b 78 RS T4 1 22 1R
A URME AR 2140 19 T 5 53 R R R4 v, A R
FER AL ], 35 2038 47 ML AR AR
3.4 WHHA FRE

KM Langmuir 55 I W B 77 B2 XT 298.15 ,308.15
318.15 K 45 3 A 2400 BE T 0 W BT A Bl 67 7
PIA, IFZ DR AT CA (D) Y B 5 R W B 25
AR PR L, QiR 5 .3 AT ) 2408
FETF 0 S e R AR AN B 25 S HE T YN . ZnFe-
LDHs 7 EEPE 22 047 > ZnAl-LDHs 7 [ ol 22 1R
A > RIRZRA XA 55 W U HE P — 2 OF
H Bl I B 0 T, R SR 22 R A 1) A8 B R A A
W 75 1 W6 A 388 K, 7 IR B 298,15 K S /)5 T X

x 100% (4)

FZn-LDHs 78 B ekt 22 0, BEE 1R T, BRIS e

AR I B 25 1 AN W /) | B ARG IR A ) 35 T ke

PEZZ YA %F CA (T1) Y W B BE. Fh b 7T A1, Zn-LDHs
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Fig.5 Theoretical maximum saturation adsorption capacities of
natural maifanite and Zn-LDHs modified maifanite vary

with temperatures
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XA EZ BT AT

In(q,/C.)=aq, + K (5)
AG’ =— RTInK (6)
0 0
InK :_Al.i +Ai (7)
R T R
AG’ = AH’ - TAS’ (8)

Lfr,q,.C, T L5 AG" AH®  AS’ 533 R br e 35 A
Hr F R BE S R AL 8.314 Jomg KT 5K
WO E WAk

22 4 298.15 308.15 318.15 K 25} 4 2 A1
XFCA (D) W B AR 27 T B AU S8 Hoh 3 1 B
HHHAE AG’ <0, B 3 B2z A EURE X Cd (1) i
BFEATRT B & PEAT A8 AS”>0, 10 BH W B i i -9
REIRALEEYSG I KRR Z A AH >0, Ui B R
S ARG B A I R A R A, R ) B [l R AT
M Zn-LDHs 78 B2l P 22 9 41 AR’ <0, i I 52 17 A i
PARE R, B R IR, KON 1) OE 7 AT, X
Zin-LDHs 78 I 20 1 22 0 %) e 0 R o o ¥k A1
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LDHs 78 ek 1, 22 A X CA (Tn) 0 8 Bt 4 4 & 2B
TA3ME A W9 W] LDHs fE 5Kkt cd(1n) k4
w] A B A Ak 2E R B A5 I ( Shan et al.
2015; Zhou et al., 2018), A kb T K 9k & Ut A1,
Zn-LDHs78 BB 22 0 % Cd (1) B9 W BfF 336 i 1R
[RS8 %) e 7 AL A, AT okt JEG R o oA 5 %, S B

FF2H 75 DA IR 1328 2t A sl P el 5 HL AT AR 2
Fth, ZnFe-LDHs 7 [ 00 22 U A 14 il 4 i arc v F
ZnFe-LDHs 7 U Z R A1, iX ] BB THIA 3
145 S8R ZnFe-LDHs 76 M Bz 72 v 52 37 ([ &y
B B A A ) TN 5E 4 (Bruna et al.,
2009) , TG T XFCA (1) AR BfE 25 i

F2 EPREMCA(IO)RAZHESH

Table 2 Thermodynamics parameters of Cd( 1) adsorption

R AG’/(J-mol™") AH“{I Asj/ .
298.15 K 308.15 K 318.15 K (J-mol™") (Jomol K1)
ZnAl-LDHs % BB A -4391.29 -4533.18 -4614.64 -160.54 14.19
ZnFe-LDHs B BUMEZE A1 -4532.21 -4570.41 -4608.61. -3393.28 3.82
KINAERA -4332.79 -4686.99 -5044.19 6227.68 35.42

3.5 Rz ¥R
HAR ST Zn-LDHs B3 15 B80T 22 A0 % Cd (11) 1Y W
FRMILER , JF Jre W B0 3l g 2 3 0 I X6 4 6 25040 4 i) ok
FHWE—2 5 Jy 2 AR i — 93l J) 27 488 Elovich
TR FORL N4 BB AT LA A A (9) ~
(12).
HE—GB) Iy 2¢ e — 0 8 ) 2 i i
In(q., —¢,) =1Ing, -kt (9)
t 1 t
4, B kz‘]fz ’ de (10)
K, g, WHE—L B 12 AW (mg kg ™) 9.,
RHE G BN 12 P A B B (mg kg™ ) 5 ¢ A W BRTERE
] (min) 5q, 4 ¢ B2 W B (mg kg™ ) s &, A HE—
25 I3 WAL (min™" ) sk, A 208 )5
W B} 33 3 H (g - mg o min ).
Elovich fE7 .
g, =A + Blnt (11)
K, g, M ¢ [/ b5 AL B A Elovich J7 2 W i 8 %
WAL
TORL N BICR A
¢ =k xX17 +C (12)
Krf, g, B e [6) b kS UKD Y BT R R K
(mg-kg™ min ™) ; C L, F 7R W B 570 A9 3 A
25k
% 3 JRIRF AT M Zn-LDHs 7 IR0 1 22 W 47
B 3N 712 A BT I A 56 R RPN 3 1T
M, RIRZFZ A B HE— G 3l ) A B R A BRI T
HE R B Iy 2R R g B2 R ) B A5 %oF
F LDHs iS22 R A, WE— sl ) 2458 R 7

R IR 26 P 5 B e B a9 ELSCHA R

MV 28 30 J12# ) R*IHE 0.99 L b FF&HE—
25l 7 2F R,

£3 TREKETRAZIRAMZn-LDHsTE PR U4 = 11 A WM 3h 5
FEAME X RY R
Table 3 Correlation coefficient of adsorption kinetics at different

concentrations

N N 7ZnAl-LDHs  ZnFe-LDHs .

e ?ff?; gt mme L
8 AT AT

1 0.9371 0.9097 0.9964

WE—2sh 4 0.9122 0.9299 0.9868

P 8 0.9154 0.9335 0.9956

16 0.9429 0.9543 0.9968

1 0.9946 0.9901 0.9786

WE— % sh 4 0.9906 0.9911 0.9794

g 8 0.9919 0.9910 0.9877

16 0.9934 0.9981 0.9957

1 0.9841 0.9927 0.9363

Elovich 7Y 4 0.9845 0.9855 0.9858

8 0.9807 0.9859 0.9452

16 0.9833 0.9817 0.9227

[, GnEl 6 frs  ZEANRIRI R CA (1) ¥R EE T 45
AT B - A R o e E R, LD Hs 8 e 2 AR
A HE— G 7 T T 0L 19 SV O o o B R
TAHZE R K i —Gr R 0B 1) A 0 o i 5 5
JIT A B AW A s — A BE I T LDHs
T PO 22 0 A U 1 W o o A B A G o — s
1R RIUE 90 2 07 A e T A b A kP
SEORFA I BT oA Xt 10 B LDHs 78 88 e 1k 22 4R A1
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Fig.6  Adsorption capacity of three adsorbents at different concentrations of Cd(11) in equilibrium time (a. 1 mg-L™", b. 4 mg-L™", ¢. 8§ mg-L™",d.

16 mg-L71)

T g, W RHR IR I A A0 M g, Sl A e — 2 3 ) S ORI i AP A Bt g, D DL Y 2 ) g 2 R B T A S 4

B it

Wk N B R JEAR 5 Weber FIl Morris BT HE H
HYFRISTE R (Weber et al., 1962) ,— Bk hy , ok
XFCA (1) BB AT 434 4 A~ 2588 . D Cd (1) R
T AL BB R IET BT ; @ CA (1) 3@ 5 B/ 2
I ¥ B 38 R SEURFASURE 114 2% 18T, X — 25 38 8 B PR A A
Pk AL B QIR E A CA (1) 38 5 /iR H 2
TRICRHBURL NS ;@ Cd (11) SRR N T I B I35 2 o7
AR (R RO, 2017) 2B BRO @ S 3R 32 AR
PR AR TR A0 TR 0 B Ao AR 1 R e TP
BB iM% (1) — 25 ; il LA N B AL )
iff 2 WO Aot R ) 4 A0 R 8 7R TR B AL 3% 4 DRy
RHA ORI IR 78 40 G 2 850 A S 5 v 18 J5URE
PRI A B o A, Ul BRI T
R 32 0 PR R 2% (AN R M — PR 22| AT g ik
A7 At o AR 3 ] ] B R ( Kumar et al.
2014) ; A4k, 13 4 A[ 1, ZnFe-LDHs 78 i 2 4R
AN BB B P R AW R IR Z R A, i

LDHs 78 JE e M 2 J 8 22 0 A % Cd (1) W% Bff ot A
RE LR, R Z R AL B [ VR .

R4 EBHBTRATEERNSSH

Table 4  Fitting parameters of intraparticle diffusion model of fillers

Lt BE k /
BRIk %Dizum_&]:/ . ¢/ . e
(mg'L™") (mg-kg *min™%%) (mg-kg™")
1 4.35 38.27 0.8574
ZnAl-LDHs
] A 4 9.77 59.00 0.9151
BIRSEE A
8 11.96 462.81 0.7891
1 4.88 13.29 0.8320
ZnFe-LDHs
4 11.58 7.53 0.9281
TS A
8 16.41 304.72 0.8155
1 2.49 60.39 0.9298
RIRE WA 4 8.86 49.09 0.9316
8 11.70 194.35 0.9113

G, A< 56 o (19 Elovich #5870 g T 4 Hb 401 &
Zn-LDHs78 BB 22 0 A %F Cd (1) 9 W% B 72, R?
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Fig.7 Cd(II) adsorption of ZnFe-LDHs modified maifanite under
different of pH
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53508
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Fig.8 Cd(1I) adsorption of ZnFe-LDHs modified maifanite under

different competitive ions
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