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Clean preparation of Ca-Al layered double hydroxide

and its adsorption for methyl orange dye
ZHANG Chao',ZHOU Xinchong',ZHOU Xi',ZHANG Cuiyang®
(1. Institute of Food and Chemical Engineering , Shaoyang University , Shaoyang 422000, China ;
2. Molecular Laboratory , Hunan Institute of Microbiology , Changsha 410009 , China )

Abstract: Ca—Al layered double hydroxides ( CaAl-LDHs) was cleanly prepared with calcium hydroxide , aluminum hydroxide ,

and sodium carbonate. The influence of preparation methods on the adsorption effect of methyl orange (MO ) was discussed. Iis

composition and structure were characterized by XRD , IR, specific surface area analyzer, SEM and EDS. The results showed that

the adsorption performance for MO of Ca,Al-LDHs prepared by clean method was better than that of traditional coprecipitation

method under the same adsorption conditions , and the removal rate of MO (90.4% ) was 5.5 times higher than that of the coprecipi-

tation method. In addition , it was found that the adsorption kinetic and isotherm parameters could be well described by the pseudo

second order kinetic model and the Langmuir isotherm equation. When the initial mass concentration of MO was 600 mg/L., the

equilibrium adsorption capacity of Ca,Al-LDHs~1 was up to 545 mg/g.

Key words : hydroxide ; clean method ; Ca—Al layered double hydroxide ; methyl orange ; adsorption
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Ca(OH),(Jfi 43 % 96%) ; AlCOH), . Na,CO, . H!
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MK
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(1) W % ¥5 : B 0.16 mol Ca(OH), . 0.04 mol
AICOH), #110.01 mol Na,CO, A& F = ke, A
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7 2 hoy K RN VR AR 2, 80 “C A 4K 17 b
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5 2808 7= Y BF B ot 75 wm bR E G L 2 A% BN
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(2) 3L UL ¥€ ¥ B 0.16 mol CaCl,, 0.04 mol
NaAlO,#10.01 mol Na,CO,¥% T 120 mL ZZ i /K BL 15 A
W, BUE  NaOH [E K T 120 mL 2818 /K B A5 B ;
A B PRI W [A] IS A 60 mL ZE 18 K 1Y = SiBE
S, A TR 80 CL AR R N pH M 10 £ 4,
VAR AT 24 1 b, 3 0 52 5 FEAILAR A $E B 1 b
B I 2 AR 2 T, 80 (C R K 17 hdhiE , TR IE
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Fig. 1 IR of Ca,AI-LDHs,MO and
Ca,Al-LDHs~1 after MO adsorption
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Fig. 2 XRD patterns of Ca,Al-LDHs and
Ca,Al-LDHs~1 after MO adsorption
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(a)Ca4Al—LDHs—1;(b)Ca4Al—LDHs—2;(C)Ca4Al—LDHs—1 1 B MO J&
&3 Ca,Al-LDHs,Ca,Al-LDHs-1 % Bt MO J5 B9 SEM

Fig.3 SEM images of Ca,Al-LDHs and
Ca,Al-LDHs-1 after MO adsorption
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Fig. 4 EDS analysis of Ca,Al-LDHs—1(a)
and Ca,Al-LDHs-2(b)
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Table 1 Surface area and pore structure of Ca,Al-LDHs

FE i SBET/(mZ'gfl) LA (em’ ) fLfE/m
Ca,Al-LDHs-1 3.987 0.011 3.078
Ca,Al-LDHs-2 6.536 0.021 3.840

i 1 AT, 0 3% 1 il 45 19 Ca,Al-LDHs-1 L3R
TR AL S FLAR 2 L 00 Tk i 4 IO RE i N 85
SCHR (12 )43 1% JH At 28 R 0 7K s i 2R
4 Ca,Al-LDHs-1 iy F #4142 18 K T Ca,Al-LDHs-2,
H Ca,Al-LDHs-1 7 & it #2 il 5 A il CaCO, 55 0L
il 2% 5T, 0 22 oK BT TE of R 2Ok AW TE A Y
ZiE -Se
2.2 #IEFEI Ca,AlI-LDHs TR Bt 14 88 B9 22

TEMO ) 1 J5 2 9 B 49 100 mg/L , W B 57 FH 4
1 g/L, W L BE 2 30 °C, W B B 6] 247 90 min B, 2% 4%
T U R AR G L DTTE Bk A 0 2K A X MO &
PRACR I 22 5 B R WA 5,

WE S s, i 7l #&  Ca,AlI-LDHs—1 X}
MO (1 25 BR R 3K 90.4% , 52 & 48 3 U0 € 75 1 & 1
Ca,Al-LDHs-2 1 5.5 i , X 5 st 7 H 454 2] 1) 1
BUARARL , A4 R I W B P 8 5 b4 R Y bE 3R 1 RRLRTAL 4
JEIEAH S . FE L JE P 32 B T A4 4 W B HILEE
H AT, ¢ T MO [ W% B HLE A0 45 < 5 0 R A B B L 3
T RN FL A2 235 K A 56 14 4 B B, DA K 55 0 L 3 T
ONERTAE R R YA RS R R (LR PSR 7/ B Vi 313
BEFCT L B ER 2K M A T A L AR R ) R s
77 AR BT, PR L 2R AR AL AR BN FEE A

100 100
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Fig. 5 Effect of preparation method of
Ca,Al-LDHs on MO adsorption
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Ca(OH),, HAE MR IR /K 75 W Hh B — o B 3 Al 3, i
fif R Ca™ 52K A J2 [ 284 ok 1 CO 456
A B CaCO,(Ca,Al-LDHs—1 W fff MO J& () XRD £\ 3iF
S2) 0% — KA A MO 98 7 28 )2 18] €O, B 3K
Bl 7, 45 MO AN Wi 45 J2 328 A K A2 ) T R
f Ca ¥ JBE (1) [ AR SAR (i Ca( OH), 4R 175 i , iy It 5K
PR Ca,Al-LDHs—1 X} MO B =5 W B} 25 12 o
2.3 WMz AHZE

FER R R (293,303 (313 K) Fill & T Ca,Al-
LDHs—1 X} 100 mg/L () MO % ¥ 1) - iy W B 52 il 1%
BiF S [R] B) AE b . AR E T, Ca,Al-LDHs—1 ¥ BE7E
W BEF 40 min 2645 35 B P-4 o 8 50 56 50E e — 28
TR B D)2 A VAR R 2,

#£2 Ca,Al-LDHs-1 R MO KI5 J1 £ 547
Table 2 Adsorption kinetics parameters of MO on Ca,Al-LDHs~1

. . WE— 8 )2 W= gh )2
T/K C,/(mg-L™") q, ../(mg-g) "
o q, o/ (mg-g™) k /min”" R? q. /(mg-g")  k/(g-mg-min™") R’
293 100 98.51 54.97 0.048 04 0.8917 100 0.003 623 0.999 87
303 100 97.31 17.47 0.038 99 0.9797 98.04 0.006 120 0.999 98
313 100 94.35 5.234 0.0217 0.829 7 93.46 0.018 77 0.999 99

MR 209 RPATAL, A [RE B R Ca,Al-LDHs—1 X}
MO 1 W BE 2145 6 WE Z 8 J1 %, B vt B MO 43+
TE Ca,Al-LDHs—1 | (1% 0% B 2o 78 32 SP 0 v B 1 3R
THT P BRI P SR 2E A R R sg e, ELAOHE BLA

A5 21 1) - i W B (g, ) 5 SR E (g, ) BRI
2.4 MO BIHIEA R B X IR Bt 30 SR B9 %2 i

&1 6 & N 7] R R Ca,Al-LDHs—1 %} MO (4 1 Fff
SR 2R BN R 40 U R B MO IR B PERE I 2 I . F
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& 6(b) A, 24 MO (19 %) 4h BT & kB2 /N T 350 mg/L
i, Ca,Al-LDHs—1 % MO ELAT & 4F iy 25 B 2 F1 g Fff
ik, LW B 25 o B B 0 A JBT ek VA R 1Y) 3 ORI 3
T, ARG B R B B A5 2 MO Y R IR T R R T
350 mg/L B, DUt 2 B ey, W BRSO B A
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500 5 {98
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T 400 % 400 {04 3%
B B &
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> o 3 %2 2
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188
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6 imEE(a)F0 MO 5 BUE R B (b) XF MO IR Bt 14 BE # 22 i
Fig. 6  Effect of temperature (a) and initial

C/(mgL?)

mass concentration (b) on MO adsorption

B 5256 BOHE AR A Langmuir 45 i 75 #2 1 Freun-
dlich %5 i 75 B th dE AT 300G AH I 19 $8T) 2% S 50 A
KEBWERI3, HREAH, L8 EE T, CaAl-
LDHs=1 X} MO i W B} 35 4F & Langmuir 55 i J7 &

%3 CaAl-LDHs-1Xf MO MM &ER&ESH
Table 3 Isotherm parameters of MO adsorbed on Ca,Al-LDHs~1

Langmuir S i R Freundlich %5 i #5751
K g/ K,/ ) K,/ )
(mg-g™") (Lemg™) k (Lemg™") " k
293 526.32 0.196 5 0.99378 186.05 4.32 0.988 34
303  645.16  0.064 96 0.997 89.75 2.28 096219
313 689.66 0.07032 0.994 92 95.13 2.17 095871

25 WMAESHMRHMFIXTE

T4 X T Ca,Al-LDHs—1 A1 H: i SCHk #2 38 1)
W 6 A4 81 X5 MO 119 A 60 /5 A T o 25 ok, DA B304 T LA
F i, Ca,AlI-LDHs—1 %} MO f4 W Bff 75 & (545 mg/g)
A I KT A 2 TR A oK T A R el A R H AR 1
PF B, 8 T B AR, H AT AR Y Tl

3 #ig

(1) ¥ 1 A 2L Ve 1 2y me il & A 2R 450
Y ZEIK U A0 o AR R R B 28 1T T T i 1 8 B A
X MO B 2 B #2.(90.4% ) J& 3L TUVE A A 1Y 5.5 1% .

(2) Ca,Al-LDHs—1 X} MO () W B} 5525 4 i — 4%
B Sy 2R A Langmuir 5598 7 2 .
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%4 Ca,Al-LDHs-13%f MO WY Bt F 2 5 H fth STk 3 b 15 R

Table 4 Comparison of MO adsorption
capacity of Ca,Al-LDHs—1 with literatures

RN 0% B 5/

5 5 2 2% 3k
(mg-g™")

Mg,Al-LDH(SDS) 44.4 (17)
Mg, ,Al-LDH 83.33 (18)
Zn,Al-LDH 110.52 (19)
Fe,0,@HTlc 138.9 (20)

Ca-Mg-Al-Fe LDHs 490.2 (21]
Ca,Al-LDHs-1(C0,”) 545 AHIFE

(3) o2& 1w AL & Ca,A1-LDHs—1 W Bff MO Rif
J5 I IR \XRD Az SEM & BI] , Wz B /5 FH 3 242 2% 1] )
[ kX (Y N N R o e e Y R f e 297
RAZHE T MO BB 115 CO M 2 A A2 et 1 .

(4) 775 0 15 i 45 19 Ca,A1-LDHs & — IRl A |
5 BRE PR 0 W BB L, A B T AR O B 22 BR 9]
B 15 Y I M AR
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