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Adsorption Properties of Thiocyanate Anion on Granular Mg/Al Mixed Oxides

WANG Xiu-juan, WANG Hai-zeng, SUN Bao-wei, HAN Wen-jun

(Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical Engineering,
Ocean University of China, Qingdao 266100, China)

Abstract: Granular Mg/Al mixed oxides ( G-Mg, ; AlO, ;) was successfully synthesized by using Mg/ Al layered double hydroxide
(Mg/Al-LDH) as the precursor. Iis structure was characterized by analytical methods of BET, XRD, SEM and FT-IR. Adsorption
properties of thiocyanate anion (SCN ™) on this new material were also investigated. Specific surface area and average pore width of G-
Mg, ,AlO, 4 are 269. 4 m>+g~" and 13.25 nm respectively. Molding and granulation retains the layer structure and generates no new
phase. Freundlich isotherm equation and pseudo-second-order kinetic equation can describe the static adsorption process precisely and
" at 25°C and 500 mg-L~". Yoon-Nelson model can predict the breakthrough curves of SCN~

on G-Mg, ,AlO, , precisely. The breakthrough adsorption capacity reaches 50. 73 mg+g ™" under the conditions with initial concentration
I

adsorption capacity reaches 165. 8 mg-g~
is 100 mg-L™" | flow rate is 5 mL-min~", bed layer altitude is 10 ¢cm and initial pH is 6. The removal rates of SCN ™ are all above
98% after reusing four times. Consequently, G-Mg, ;AlO, ¢is a reusable and high-efficient adsorbent.

Key words: Mg/ Al mixed oxides; granular; thiocyanate anion; adsorption; breakthrough curve
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mE s
o F
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3
% ol L”“
0.01 f ~
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0 | . | »
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B2 Mg/Al-LDH #1 G-Mg; ;AlO, (9 N, W Bt/ Bt it SR &L MAL R A S m sk
Fig. 2 Adsorption/desorption isotherms and pore diameter differential distribution curves of Mg/Al-LDH and G-Mg; ;AlO, ¢

%1 Mg/Al-LDH 7 G-Mg; ;AlO, (/) BET 4

Table 1 BET parameters of Mg/Al-LDH and G-Mg; ;AlO, ¢
B I:IS%Z%EE”\ AL %%?Li&‘l

/m”-g /nm /em’ -g

Mg/ Al-LDH 96. 96 21.18 0.51

G-Mg; ;AlO, 4 269. 4 13.25 0.73

2.3 XRD 27
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LDH &A1 T e e H 7S | L2 P, TR AH B, M-
Mg/ Al-LDH W58 FE R A [ A, Ui B e 1 28 s 1 BR
T AT B R AREE R B ICH AR A B, st o 5 Mg/
Al-LDH 2 DM 2= 05 45 6 R S ny W BR 5
Mg/ Al-LDH 1 M-Mg/Al-LDH 4 d, 7 55 0 43 531 i3
AR 11. 40°F0 11. 35°  JZ[A]EE 2 0. 776 nm F1 0. 782
nm, KW COO ™~ #E A T JZ [ fifi )2 M) BEHE K| i 5 B
FRIEE IR LRI 25 51— 30, Y8 mig et )2 AR
far 5 FE WS 5540 T RS R R = PR AT, )2
)RR, G-Mg, 4 AlO, A2 AR G546 T A 58 21
K, URAFERIA TR 16260 o 4201 63° [t
LT MgO RUATSIETFA T B AL O, WA, W Al
£ G-Mg, ,AlO,  FANJELL AL O, PIAHAFAE , T 2k
AF] MgO (1 ihA% BUR T85> Mg "
2.4 SEM 437

Mg/ Al-LDH F1 G-Mg, ,A10, (4713 oo, 5 & 5] 4
Jfi7s. Mg/Al-LDH JEARFLEE R DN, )RG5 H
i, AL SRR RS 2R TR 2R S5 ATH R. H
EDX 3 Hilli5 G-Mg, s AlO, JBESHEEIR LA 3.36: 1,

G-Mg;3A1048
) WMM
J M-Mg/AI-LDH
Mg/AL-LDH
10 20 30 40 50 60 70

200¢)
E3 Mg/Al-LDH, M-Mg/Al-LDH %
G-Mg, ;AlO, ¢ XRD i [E
Fig. 3 XRD patterns of Mg/Al-LDH,
M-Mg/Al-LDH and G-Mg;, 5 AlO, 4

(a) fil(b) Mg/Al-LDH; (c¢) fI(d) G-Mg; 5AlO, 4
El4 Mg/Al-LDH #1 G-Mg; ,AlO, (i SEM &
Fig. 4 SEM images of Mg/Al-LDH and G-Mg; ;AlO,
TR B B R O LG i I S &5 SRR BT, gk — 20 1B
Mg/ Al-LDH 28251 Y J 86 5 F 15 .
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2.5 FT-IR 43#f

Mg/Al-LDH , M-Mg/Al-LDH Fl G-Mg, ,AlO, (£
SMEE I E 5 Fros. mTLLE Y, Mg/AL-LDH Al M-
Mg/ Al-LDH #£ 3500 cm ~' i 3 34545 — 9 58 19 0 i
g 35K S FH 5 5 AR )2 () 7K 43— e 4 U 2 2 8 i 3
1630 em " A 118 IR ST A Xof 7 = 7K T Ay 28 2 WL A 7K T
JE )25 K B2 iR 3%, 1 369 | 856 1 657 em ™!
W W0 43 531 % 18 T Mg/ AL-LDH Hf CO3 ™ ) 3 Fh ot
PRAl 45 % 2 B 2. M-Mg/Al-LDH 7E1 651 cm ™' FlI
1533 em AR T COO ™ B NP4 4R shid ) e
I COO ™ 73 i, i G-Mg, , AlO, , it [ H 3% A7 it

120
G-Mg;3A1048

100 |

80 |
S
X 60 |
o)
" a0 L Mg/Al-LDH

20 +

ol M-Mg/Al-LDH
1 1 1 1
4 000 3000 2 000 1000 0
B /em™

E 5 Mg/Al-LDH, M-Mg/Al-LDH #1
G-Mg; ;AlO, ¢ BILT5ME
Fig. 5 FT-IR spectrums of Mg/Al-LDH, M-Mg/Al-LDH
and G-Mg; 5AlO, ¢

G-Mg, ;AlO, (7E 700 ~ 1 200 cm " Ab H B BT T
T Al-Mg il A1-O-Mg 8 (4 45 P 5l 1.
2.6 FHAILIE
2.6.1 W FfHERTR L

G-Mg, ;A10, ¢ XF SCN = [ W B 25 R 26 an 1] 6 it
7N, 25 ~45CTEEN ¢, =500 mg-L ™", W Fff
165.8 ~190.0 mg-g ' B i KTy K Mg/Al-LDH Ay
Ryt G-Mg, ,AlO, 5 SCN ™ Y26 A 7 JE &
AR BE TRl N SCN ~ 56 4k IR 86, 8% A o it 32
AN B 5 7 fe Ve O L P WO T i O R T
MG, R B W AR B, & 2 b R w] A,
Freundlich %% Ji&i =X 68 R & b § & SCN- #&
G-Mg, ;AlO, o I /25 R W% e 2.

210
180 | / .
150 |- A //

90

wp ==

gimg g™

— w—25°C
— e —35°C
30 °
. —a—45°C
0 | 3

. . . . | . . . |
0 20 40 60 80 100 120 140 160 180
co/mg-L7!

E 6 SCN-7 G-Mg, ;AlO0, , FEI TR MR L

Fig. 6 Adsorption isotherms of SCN ~

on G-Mg; ;AlO, ¢

%2 Langmuir 71 Freundlich % Bt &8 X S 41

Table 2 Parameters of Langmuir and Freundlich isotherm

Langmuir Freundlich
7% qe y ¢./q. =1/(K q.) +c./q. Ing, =InK; +1/n(lne,)
/e K, R} de(eay/mg*g " Ky Ry’ n

25 165.8 0.0700 0.984 6 164. 5 15.99 0.993 6 2.33

35 182.4 0.0620 0.9530 181.8 18. 86 0.987 8 2.41

45 190.0 0.060 0 0.9301 188.7 21.52 0.989 6 2.54
1) g, NPJZRKRWE; K, M Kp K Langmuir 1 Freundlich TSR n 8 5 EER M55
2.6.2 WFtEh A

100

B 7 BAFIRET G-Mg, ,AlO, (X SCN ™ # K A
WEgh o . T2 b R e 50 // e
P2 1T B T 0 001 PR )
/b ot T2z, Bk B A, R 3 Al g //
CYE S R EBAE T 1 g 5 gy, B W f /./
I R 20 30 J1 2y A B IR SCN 7 ey —=—as0
G- Mgy AIO, , - G9UR MRS, SGAIETH 5 o B N
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Table 3  Kinetic parameters of SCN ™ on G-Mg; ;AlO, ¢
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Fig. 8 Effect of experiment parameters on breakthrough curves
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