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Abstract

Low-cost and high surface area commercial silica aerogel supported brucite and Mg-Al hydrotal-
cite were synthesized as adsorbents for Pb2+* removal. The textural properties of the supported
brucite and Mg-Al hydrotalcite were characterized by TEM, SEM, XRD and ICP, and the results
showed supported brucite and Mg-Al hydrotalcite with small size, weak crystallization and thin
thickness. In the adsorption experiments, the adsorption rates were fast in the first 60 min, then
slowed down and finally reached equilibrium for both the adsorbent. The adsorption data fitted
well with pseudo-second-order kinetic model and Langmuir isotherm model, indicating monolay-
er chemisorption process. The saturated adsorption capacities of the supported brucite and Mg-Al
hydrotalcite are 442.5 mg/g and 246 mg/g, respectively, higher than that of reported hydrotal-
cite-based adsorbents.
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1. 5|

KR PO(IN)A I AEY B, SRR AR AR KEEL]. KSR 5 &5 E) %)
DG, BV TIPSR, S Rh kA P A Al i A 105 o B V22 b X A /K AR ) A7 AE AR AR 1 B, I A e
BRI R R4, R ERR KA PO(NEIGEE, & 4R RAF R i 8, 22 Bk AR R
BB PURE, BAIERIR, BTACHE, WM, BB, WEAE[2]. o, WRPHERRAE
fE1 R, PREEYS Yo/ AR FR AR IS5 S5 8 1 T iz M LL3] [4] [5] [6].

LRI AR, AN LRGSR BT Po? WL B4 E[7] [8] [9] [10], LU FHLEE
F BT RIMPOE LR A[11] [12]. SYAEEEWMLEL, 9K REEREE Y BA i LR A
W2 R R AL AL, TSRS R T T I ME TS . (EGN KR (AW R 77178 ) 5 A R e R v e 2 2/
e LM 3 B8, ELURE 2 ) B A T 3 5 ARG L 38 T AP B A 7 P 3P W BRAST 25 [13] o A i — i 8,
AR RA ey PSR T AR AN R FLAR I S AR I O B i A, i (3R L@ VA TE B R RIURL I P9 4126 T AR
KA ABEERKIE A BT AR SRR 3R T K & AR P2 S B R UL R, SO K B A R
BRI AR KERZ, FIT IR /MR KB XoKIE A . RAER A7 RMETEM), Hfid
FRUBL(SEM), X STERATH 72 4T(XRD), HUBHE G55 3 T R 5 Y6152 (ICP-OES) SR ME /K I A I 23Ky
PEBE, EBIEXT PO* I R SIS, 5 T KB A R R K I A PO (T B 5l 77 2 5 W 4%
IRER, FERFMER— KB )1 SRR AN — R B 1124458 J Langmuir A1 Freundlich 2578 2R B BEAT LA, 4878
AT B AR B ATLER o

2. SCUGER4y
2.1. ¥HE5RA

ANIKIHIREE(AR, R TRFIH R AF]) . JUKIHERE(AR, FERTh: TIiRFIG R AR HERHY
(AR, LRI TiRFIE R AT DEMMAR, FEZGEBMLARFERAT) . BMREM(AR, EHj4E
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M2l IR A R]) . ERER(AR, 36%~38%, [H 255 M] LA ulil A rl). AR TR (iR
AIRAF),

2.2. ABKBEARZRBKEANHIE

HUSEEIR: 200 mg 43 B7E 200 mL )25 851K, A 40k 30 min,  Hil#3 3 5 1) SiO, BRI,
SRJG NN 0.774 g MR E: (8L 0.581 g iHIRE:AN 0.284 g HIRER), FRic NI A. 0.5 g EEENVAN 1.2 g ik
BR SNV IR T 25 mL 2B 7ok, FRIC NI B. B A MV B 22N 100 mL £5 1
KA, CRUEVEE pH 7E 9.0~9.5 Z[i], W A W58 )5, RV B 1 pH % 9.5, & 3RA5 VAR N K
3, 80C/K# 24 h, T BHUKEEA (BRI A).

2.3. BRI

5T A (TEM)IE 72 JEM-1011 2435 5 fi B B 3RAS, I FiE 80 kV . 434 HiL 7 R4 BE (SEM)
B B A B BE B EIFE JSM-6360LV BV g FakTG . X SHERATIHT (XRD)TEM N RHITA A AT« N, TR
BE - Bt B S5 it 2 72 ASAP TriStar 11 3020 Y ELR X EillfE, SKH BET Al BIH J73% 75 7l v AL f i Eb
FHEAMFLEE . WP HI TR S EAEF] 2 Prodigy XP HLUEHE 545 58 1A R SIS (ICP-AES) L35 . &
TrF Ph(I) 74 &K B3 AA-6300 KA TR IR/ e Y6 T (FAAS) I .

2.4. Pb* IR MisELE

2.4.1. WRMIEhF15MIE

HR ] 4 1 7 K B R S KT A3 7% 50 mg, AR BN EI%E4 100 mL Pb? 738 (400 mg/L) 4 ik
th, WA, BTIHIERMEIRE@5C, 150 rmp)idkiTRE, MBS, BURE, R SEOK YRR B (E
0.22 pm)id U, EMR A ER A R (PR RS 40 1%, AHIRIKEE 19%) 71 H &5 AA-6300 KA SR 1Mo ot e it
(FAAS)#EAT Pb & 2 1 5E

2.4.2. IRMERLENE

HUi] 45 1) B K B N4 3K 8 47 %% 50 mg, 43 BN 21 100 mL ANV (¥ Ph* ¥4 1 (50 mg/L,
100 mg/L, 150 mg/L, 200 mg/L, 300 mg/L #1400 mg/L), & TIHIEFEKR5C, 150 rmp)idk TiE%, 24h
Ja, BURE, PSR KVEEFRIDEE(E™, 0.22 pm)idjE, JEVRHA MR (FRFE 40 £, THERIREE 1%)7H
Eyidt AA-6300 St JE T IS 66 E T (FAAS)BEAT Ph & &I E .

3 GRS
31, BRI R RS AR

K S S A S BOK B . FEUKIE A & R SiO, BT T O/ b S5 3
K L), BRI A RSB L8 2 = 4Pk, fLIEMBERTE 30 nm A4 . KA,
FEIME) TEM B FTBESS I,  TEVER B 5O R B I FLIE (] 1(b)), X EBR T /KEEA 153
BN T ARBR EEE,  [RIE A IR K B DURRAE R AL AR R I FLIE P, DR & S T A H s . 13k
AR R ARG, JEE/NT 5 nm, R BEASEEE), KLTE 30 nm~150 nm Z[f], HJ5I1)
S AAE SRS B (1 1(c)MIE 1(d)). £ TEM B 7 oh eik 2K B IORLAR VDN, R i RORLAR D,
P51750 My 53 HOCE A B SEC PR N B LT S A3 THT o e Ah, SR TAIRAE 1K) SEM i S 80K B AR K
WORL R AT TSR (1 2), 45 B EoRBUR R E 2RORER T, IXFER IR R 7251 4% o F2 K
B AR R 20 B, /INRLAR B R SRR B R K A UKL 73 5CFE UK 2 1T , A5 1) 2 (b K B8 1) 3 T WO PRV
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Figure 1. Transmission electron microscopy of SiO, aerogel (a), supported brucite (b) and Mg-Al hydrotalcite ((c), (d))
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Figure 2. Scanning electron microscopy images of supported brucite (a) and Mg-Al hydrotalcite (b)
2. BUKEAFABKBAO)NIEMETFEMRERE

XRD B ([ 3)45 R iir, faokean A /KEEA &4 (PDF +: 82~2454)1)(001). (100)F1(110)[Hi /7
Wi, KA B KA SRR (PDF F: 51~1525)/(006). (222)F1(600) AT 54 . 78 P Flkt kLo,
g I R BRI 5T, FLKTE A AR AR B SR AT B T (003) T Xk 2 AU AT SR i 2, 32 B | T S 3K B A
MK AR /N BB R BRI G %, gtz

FH N W RO B S5 R 2 (1] 4) T3 R A oK BE A R S Bk I A I LU R AR, FLE AP A a1 B
N, AT UUE H A7 KB 1 ELR RN 654.9 m>g !, 3 KT ki A LR iR 257.8 m>gt, lfgSR
BT R R RK T A oK Bk % 26 7 S R B i FLIE . BB U B R . LR PR S
BRI A L AT BT, 2 WAH 24380 23 (R /K BE A RUK T A URRAE KT A I FLIE . Bk EE .
B A S EFER SiO, B A X G 3= & &l ICP-0ES MIfF (7 1), fEk/KEAH Mg/AlSI JTE&
FE/RLEN 0.40:1, S #kKiE A o MolAlST 62 B /R A 0.53:0.32:1.

DOI: 10.12677/ms.2017.78092 699 FHE Rl


https://doi.org/10.12677/ms.2017.78092

T, FEX

Intensity

V Brucite PDF#82-2454
O Hydrotalcite PDF#51-1525

20 30 40 50 60 70 80
20 degree

Figure 3. XRD profile of supported brucite and Mg-Al hydrotalcite
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Figure 4. The N, adsorption isotherm of supported brucite and Mg-Al hydrotalcite
E 4. saB7kERMAEIKB AR N, Ak M E R

Table 1. Texture parameters of supported brucite, Mg-Al hydrotalcite and load base SiO, aerogel
=1 adkER. ABKBARGHER SIO, SARNABSH

F ML A A HRE C;Lafl R
FEKEEG 28.70% 0 71.30% 654.9 0.36 3.6
HEKIE A 28.60% 17.2% 54.20% 257.8 0.54 8.5
at 1 0 0 100% 803.8 3.43 38.6
T BE R B B (Dnwigearesy)s ° R BT R . 7 ALAAIFLAR AR TS TS
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3.2. WM4RE

MR PER R

£ 25°C, PO*IRE N 400 mg-L ™t WLHFIHEN 0.5 oL 40F N, SUBuKEER FUKH £ 5t Ph2 1
BB B 1] (25 Ak B 22 2 P 5 BT 7R o ZE R 60 min P, PRI B ARG Po? IR B e e b, o i R B ek R AR 1,
RHETE 600 min i BIVAT . AT 3 (0 DRIE IR B 2 S22 b T W BR300 3 T R A7 R 8 2 o T i BB 3k 3
18 0] B8 AL B TR B 1) P 40 78 55 7E MR BRI RO THT, kD T 2R TR B AL Ao 7RI SR PP, SR KB
1 AR KK A% P I R B B () 73 591 434.7 mglg F11 253.8 mg/g. LRI B 5 R 5 EDS 44
Ml 6 Frow, Si, Mg, AlFI O JGERMIGR MM EMES, R Po YRI5 5] 1) 5 HCIE R B 711
FRbh . BB KB A R SO K R Ao PO* I 3h 112, SR — 2 3h 2 RUE sl g S A
SXoF IR (R B S H 2 AT R MR OL o (B — 23 0 2 I B g R RV — 2 3 0 Wi i R 2 s (L) FI A K (2) Bl
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Figure 5. The adsorption of Pb?* with supported brucite and Mg-Al hydrotalcite at different time
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Figure 6. Pseudo-stage adsorption kinetics model (a) and pseudo-secondary adsorption kinetics model (b) fitting for sup-
ported brucite and Mg-Al hydrotalcite
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In(g, —q,)=Ing, —kit 1)
t 1 t
—= +— )
A

FErt qo B B LI BRI P-4 ) B R (mg-g ™), e SIS TRT ¢ IR BRI IR B B (mg-g ™) K A K 23030
DB B J3 A MU 0 7 2 B R B S B B AN G BT A IR B 31 0 2 0 i 2kt ] 7
Bz, Al CUE R sl 77 A A R S B S0 et BAT RAF I ZPE R R . MM A 28N E 2 Fios,
1B B 1R 5 S K B A R G B OK T A P TR B AR 2R AR 6 R EU(RY) B ik 99.9%, iR — 443 /)
R B ST R (128 MEAE G R B0 A 89. 7% 75.2%, R WA T H1 8K BE A1 5 5 3K I A % P [ B
FEer RN AR, R Z PR R — M 2 IR S R R B

3.3. MMIERL

fE 25°C, WLHFIMEAN 0.5 g L™, WRFHES IR 24 h &0 K, %7 AR[H Po? 4 Xt 47 38K B 40 Al iy
KA R AR . S SRANIE 8 TR, SUEUKEBE ARG B K A P IR RS P I E 38
TN, BT SR A PR I B RN, TE PO*REE N 200 mg- L7, WRBHERE WA, 3K
Pb?* ¥ BE £ 300 mg- L™ A1 400 mg-L™, Wt S34 IR BA & . Langmuir A1 Freundlich W b 2535 28 B2 784 5 4%
KANA 4 BT S AT LTS G B o A5 2R D R A 3R (3) A1 3(4) BT [15] «

E’_M
TS Hmyg Ry 2

“Sum 0 Kal S M by Mol

Sl Kal

CKal 2 CKal 2

- - E!EI"B‘

5 um pp Mol 2.5 pmyig R 2

EBlement wt% L7 1gma

C 13.07 068
o 3475  0.52
Mg 626 0.16

Si 18.72 0.28
Pb 2721 039
Total: 100.00

5 pum

(a)
Figure 7. Results of EDS surface scanning and corresponding element analysis results of supported brucite and Mg-Al hy-

drotalcite after saturation adsorption Pb?*
7. AR ERMAEKBABIMEM Pb® S EDS EIAHEEIE R TE SR

Table 2. Pseudo-level adsorption kinetics model fitting and pseudo-level adsorption kinetics model fitting parameters for
supported brucite and Mg-Al hydrotalcite

= 2. UK ANMAEKEANEBR—RRMEI N FER SR RN N FRENESH

q Gy A P
9 e Exp
min Jee

99 ky x 10° (min %) g (Mg/g) R? k x 10° (g/mg.min) qe (Mg/g) R?
MEIKEA 434.7 3.12 143.2 89.7% 0.098 431.0 99.9%
A A 253.8 3.31 435 75.2% 0.314 256.4 99.9%
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L_L1.,% ®)
qe quL qm

Ing, =InK, Jrllnce (4)
n

Hrh Co AW EE R TR (mg L™, e AP RIERIR S B (mg g ™), qn A ERS AT &
(mg-g Y, K F Ke 20514 Langmuir AT Freundlich W P25 6 285 3. n W G 56 18 $(L-mg ™). 113
IKEEF FIAA B 7K M A %k P I B B 95 40 & Langmuir A1 Freundlich 253548 75 T8 (0 25 5 4n 1] 9 F1 3 3 i,
FTLAE R, TP, Langmuir S5 i 22 B8 55 0% B SR I0 B8 Y & e hs o T S BK B A R £ 3K
JKIFF, Langmuir 2535 2R BSR4 B R 5% 22 809 99.2% 11 99.9%, LT Freundlich 255 2R A 40L& fAH 3¢
F 30 98.4%11 86.7%, 2 W ARk A7 AN A7 B K BE A %t P AW B et A 25 L 1 1) B 2 W Pt A S
Langmuir W JF 2535 22 100 1H 550 M A /K B A7 s /K i 4 %k P IR RTIRG Bt B 43 591y 442.5 mgl/g A1l 246
mg/g, 5 ELEI E TR B A 2, T SCHERIRIE (1 7K A R B U ( 4)
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Figure 8. The adsorption of Pb?* with supported brucite and Mg-Al hydrotalcite at different Pb?* concentration
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Figure 9. The Langmuir adsorption isotherm model (a) and Freundlich adsorption isotherm model (b) fitting for supported
brucite and Mg-Al hydrotalcite
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Table 3. Parameters of the Langmuir adsorption isotherm model and Freundlich adsorption isotherm model of supported
brucite and Mg-Al hydrotalcite

5% 3. EUKEAMAEIKBAR Langmuir IFHEFRZAETIFN Freundlich IRIF RLBRB S S

Langmuir %528 Freundlich £i54k
W 7 (rj;gﬁ) ~ — , NP 2
Om (mg'g ™) ke (L'mg™) R n ke ((mgg™) (L'mg™)™) R
K 432.2 4425 0.108 99.2% 5.02 151.2 98.4%
SEIKIE A 246.0 249.4 0.099 99.9% 5.50 97.7 86.7%

Table 4. The maximum adsorption of Pb?" for different hydrotalcite base adsorbents
* 4. TRIMKBAERMFIN P> B AR =

R B 51 R M Qrax (mgrg ™) ZHCHR
KA 4322
TR A 246.0
EDTA i Z 8 E/KIg A 183.5 [16]
BRI Z e 68.49 [17]
BRERAKIE A 224.0 [3]

4, 4Eip

1) PAKALAR i LU R T B 7 S10, B IR AR , il & 1 S K BEA A 3K A o il 45 1 B oK 85
FRGEGKIE A RA m LR, NEFPRLAR K 55 1 45 e

2) EUKEE AR GO KRS Ao PO IR B A A5 2 3h 1B RR Langmuir ZEIEZ6BE0 . R T
W B AR A — A R T 2 A S I

3) H1 Langmuir Z535 £ 70 450 ) G K B 0 A K HE A % P i AT [ 25 5543 791l 9 442.5 mglg A1
246 mglg, 5ILHAEAE Y, =T H ETSCHERRE R K A R B 7R TR R B
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