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FE: LU AICL+6H,0 1 TiCl; AJFUEL . NaOH AULHER, RIS T AR a(Ti) : n(ADRINE B KA
¥ (Ti-Al LDHs ), % T HABBIEK AL B F A9 pkfe. “RAH SEM. BET #1 XRD %J Ti-Al LDHs
W B FORTJE MRERIEAT T 3R AE, #43T T Ti-Al LDHs (IR | WILRVT pH X1 Ti-Al LDHs FRHA R T2,
T HAGAERE ) o X Ti-Al LDHs WBf FAOALERIE T T 40 . 455 %M, Ti-Al LDHs fsE iy, SRR
SEA B SRR, B LIRS T SR, BB RFLAR A A K Y HE R Hi R (108.34 m¥/g ); 24 n(Ti) :
n(AD)=2 : 8. )5 pH = 6 41 Ti-Al LDHs-1 %t FHA AW HHERE, 7€ Ti-Al LDHs-1 8im&4 0.1 g/L.
25 °C. 200 r/min. ZKIBHIRIRY 12 h &1 F, Ti-Al LDHs-1 BB RA TR, N 63.08 mg/g; #iR T, WA
VSR pH=4 B}, 01 0.2 ¢/L 1) Ti-Al LDHs-1 “FAFER A TN 47.59 mg/g, F L BR3EN 86.53% ; HAEHIEE F( 0~10
mmol/L ) ¥ F Bt & R HEFE 9 HCO3>CO3 >S03 >H,PO,>Cl >NO;, Ti-Al LDHs-1 %} FH4 1% it 5545440
TR/ SRR (R*>0.99 ), W MERRLRTEASE Langmuir #5181, 285 4 YW F-# SR, Ti-Al LDHs-1 K98
BRATIEWIIRI 73%. WM B T30 . g | FISRIIZS & 3 FhSAUIL R .
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Preparation of Ti-Al hydrotalcite and its adsorption performance for
F with low mass concentration in water
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Abstract: Bimetallic hydroxides (Ti-Al LDHs) with different n(Ti) : n(Al) were prepared by co-precipitation
method using AICl;°6H,O and TiCl; as raw materials and NaOH as precipitant. The adsorption
performance of Ti-Al LDHS for F~ with low mass concentration in simulated wastewater were analyzed,
and the Ti-Al LDHs samples before and after F adsorption were characterized by SEM, BET and XRD.
The effects of Ti-Al LDHs dosage and initial solution pH on the fluorine removal capacity of Ti-Al LDHs
were investigated, while the recycling capacity of Ti-Al LDHS was analyzed. The F adsorption mechanism
by Ti-Al LDHs was further speculated. The results showed that Ti-Al LDHs displayed good stability,
having a uniform stacking of laminar structure, and mainly existing in dispersed amorphous form with a
wide pore size distribution and a large specific surface area (108.34 m?/g). Ti-Al LDHs-1 prepared from
n(Ti) : n(Al)=2 : 8 and medium pH=6 exhibited the best F adsorption performance, and the highest
fluorine removal capacity reached 63.08 mg/g with the Ti-Al LDHs-1 dosage of 0.1 g/L, water-bath
constant-temperature at 25 °C at a shaking speed of 200 r/min for 12 h. At room temperature and the initial
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solution pH=4, the equilibrium fluorine removal capacity was 47.59 mg/g, while F~ removal rate reached
86.53% with Ti-Al LDHs-1 dosage of 0.2 g/L. The influence of coexisting anions (0~10 mmol/L) on the
adsorption of F~ were as follows: HCO;>C0? >S0 >H,PO,;>Cl >NOj5. The adsorption of F~ by Ti-Al
LDHs-1 was more consistent with the pseudo-second-order model (R*>0.99), and the adsorption isotherm

was more consistent with the Langmuir model. After four adsorption-desorption cycles, the fluorine

removal capacity of Ti-Al LDHs-1 could still reach 73% of the initial capacity. The adsorption process was

controlled mainly by ion exchange, electrostatic attraction and surface complexation.
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BIAAIGG . IR ¢ R 20 R BT A A T R F R
WU, mg/L; VOREEWART, L.
FRA S EAT 3 W, BULE(E,
1.2 Fix
1.2.1 Ti-Al LDHs %] %

FRHL 24.89 g ) AICI;*6H,0 (0.1 mol ) FH#R4f
IKIEMIT AR | LA RIREC S SR 4 0.1 mol/L Y
SRR KW B 36.968 mL ) = SRR IR TR

(0.05 mol ) HM4i/KE 242 500 mL 2% & AL il 5
Wl 0.1 mol/L 1Y = A ALBKIE W . 4 IR n(Ti) :
n(AD=2 : 8, 3 HIF B LR BRI RCE TR,

REWSE, T 25 CHABHE T ZBHIMARKE N
0.5 mol/L 1) NaOH /KW, 42 IRA W pH=6.

RIGHESH BRI A H IR A6, #EEES
FlpiyEy, ik, MO TR REOR =
pH=7, BKUTIEYTE 80 CHYMEA T4 24 ho &
W TS P UTTE YIRS UM R, FH 200 H 9 9 5 i
Jrif$ %] Ti-Al LDHs, ic°M Ti-Al LDHs-1,

KA Ti-Al LDHs-1 BJ#il& 5k, W% n(Ti) :
n(ADZA A 10:0,9:1,5:5,3:7,1:9,0:
10, fhl4& Ti-Al LDHs,

K H Ti-Al LDHs-1 @il & /7%, % pH (5.,
7. 8. 9), 4l £ Ti-Al LDHs,

122 F XHEk

B, F NaF FUKECH] F i 10 mg/L
FIRERLE 7K 100 mL, 1A Ti-Al LDHs ( B UI7E i
1 Ti-Al LDHs il £ 45 i R 0.1 g/L; #4158
AR A AN 0.1~0.8 g/L; WfiE i
i 0.2 g/L )5, JE LSt iAol 0.2 g/L),
FAHE 0.5 mol/L ) NaOH IR H % pH (2~12), 7E
25 °C ., 200 r/min 54 F/KIREERIRY 12 h, RF&
0.45 pum PEBT P85, B U BE TR A W1 77K
JE ARG
1.3 FRAEENK

SEM Al EDS i : Jn# & 10~20 kV, W5
F153 47T Ti-Al LDHs 2 [ fOWE S MG E 434 o BET
W MRS T 105 °CF 148 2 h, T
PR AE 77 K TSR T 2 AW B - BRI L. XRD
W CuK fEHR, BHI 40 mA, EHE 40kV,
HHETE R 20=5°~80°, F##i# % 2 (°)/min, Zeta HL{
W B RE OB AR 100 mL ZE48 7K vl 75 431y
A, A UOEEE T . FTIR M R
TRACEI R B, BRI 4000~400 em™', Zp 3R
4em’, FAREUE 32 . XPS K. Al K, 4 X 4
VR, LALE A TE 284.8 eV AL HERY C 1s i S %1

TG . KEEZ 0.45 pm JEEIL SRS, S
GB/T 7484—1987C /K1 ALY M E B FiEHeg

Wik ) E PP Y Bl R I .
1.4 Ti-Al LDHs # & & 45044
141 &F/TFEERL

Ti-Al LDHs $hnit (A ARF AR5 K iom
A% Ti-Al LDHs Fite, TR )0.1 g/L, %45 pH=6
( BPFH ECA AN A R T D L R ) pH, R IR ),
AT FI 22 BREHE , % 2E n(Ti) : n(AD)S514 10 2 0,
9:1,5:5,3:7,2:8,1:9,0:10 XM
Ti-Al LDHs B F 50,
1.42 4~J pH

Ti-Al LDHs £ /0% 0.1 g/L, #-47 F i) = BR525
HERRI L EH pH (5. 6. 7. 8. 9) Xl
Y Ti-Al LDHs =& F A5,
1.5 FEBRIBEEEHMIL
1.5.1 Ti-Al LDHs-1 #&/n%

%42 Ti-Al LDHs-1 £ (0.1, 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.8 g/L ) XFZ=Ex F I,
1.5.2 &% pH

Ti-Al LDHs-1 #4 0.2 g/L 47 F AYERBR S
¥, FH 0.1 mol/L i HCI Al NaOH & 780 15 ¥ 4]
I pH, %AW pH (2, 3. 4.5, 6. 7. 8,9,
10, 11, 12) X LB F 52w,
1.6 HEBEFHZINEE

Ti-Al LDHs-1 B+ 0.2 g/L 47 F By LR
5. 4 BIFREUA R R Y NaCl, Na,SO,. NaHCO; .,
Na,CO;., NaH,PO,, NaNO; % FALE K, e il
S 435 R 1.5 A1 10 mmol/L [ A7FAES 7 Cl,
SO? . HCO;. CO¥ . H,PO;. NO;) iAWk, Zredt
TEBH T X B8 F 52
1.7 zHhHhEZXR

Sy PIECH BRI 10, 20, 30 mg/L FIEALL
JEK, Ti-Al LDHs-1 88 0.2 g/L, 7E25 °C,
200 r/min Z5F FAKIEEIRIR 12 h, FEAS[RIEURE A
[ (10, 20. 30. 60. 120, 180. 240. 360. 540.
720 min ) PEATK OGN o X245 Hsf ] B i) 53k Ja A5 s i
Al — s Ji24 . UG sh Sy s Jy 2045
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1.8 HAEXH

Ay B P E 5. 8. 10, 20, 40, 60,
100, 150, 200 mg/L MYB4LLE K, £ Ti-Al LDHs-1
R 0.2 g/L 45 T, B AU pH 2970 4.0.7.0.
8.5 3 45K Ti-Al LDHs-1 X F W& [P G i 52
16 15, 25 F135 °CF, L 200 r/min /K REIRIE D
12 h BUKBEHEATIK B 4341 o SR Langmuir 274578
il Freundlich 25 A U0 47 K004 407 o
1.9 BAEsehNR

W B SE 56 )5, AR N 0.5 mol/L Y NaOH /K&
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WA RN, XTIeBE F AR Ti-Al LDHs-1 7E
25 CAKIBEIRIR A #RVENL 12 h, Z/KPEZE pH=7 If
THE . BHE S, FRRUEAT F AR, EE 4K,
¥RST Ti-Al LDHs-1 )R- fig

2 HREWR

2.1 Ti-Al LDHs B7%i%
&l 1a MAN[E n(Ti) : n(ADXFE 45 B9 Ti-Al LDHs
) F W B R A5

10:0 9:1 5:5 3:7 2:8 1:9 0:10
n(Ti) : n(Al)

b

Bl 1 n(Ti) : n(Al) (a) F4 T pH (b) %} Ti-Al LDHs &
TR R R
Effects of n(Ti) : n(Al) (a) and medium pH (b) on

fluoride removal capacity of Ti-Al LDHs

Fig. 1

M 1a v LLE W, 24 n(Ti) : n(AD=10 : 0 i,
il % i) Ti(OH); BRI A = A 5.45 mg/g, HILIME,
2 n(Ti) : n(AD=0 : 10 i}, Hl £ 19 AI(OH); IBRFA
1M 44.06 mg/g, W T Ti(OH); BRI i o X2
P, AlOH); RIMIEEN S EMER, X FH
B SRR BB a(Ti) : n(ADRIFEAR, MR
FIXE Fihy e B 5 SR e 42 R BRI, Y n(Ti) -
n(AD=2 : 8 i}, Ti-Al LDHs-1 (R IRZA ik 8 ik
i, 7 62.79 mg/g, UiHl Ti-Al W& )R A ALY
F Bt fe 3 v T A Jm kL, X I T P o s
T RIAE 5 1R 34 8 S A A 2 ) 4548 & AR A
1k, JZRIEE W] B8 2 B B HE A Foak AR B R
AN, BETIT W BRSO R Rk, AT T A
PEBE, [H24 n(Ti) : n(AD=1: 9 I, FRMARIM T

% 37.18 mg/g, X AT N, A TP R T
Ti-Al LDHs i {2 & 4540 , T80 F WP RERFAIT .

K 1b I A E pH X il £ /Y Ti-Al LDHs )
F W% B BE A 52

ME 1b FTLUE H, 59R 4 (pH=5.6) T,
Ti-Al LDHs R AR FfitEge, biE pH
[ FF 5, Ti-Al LDHs (%R RUA B E WG K, 78 pH=6
Ik B Fc 1, M 63.08 mg/g. XK N, Y4 n(Ti) :
n(Al)=2: 8 i, IRAWEI P& AP Z, Rt 35
TERTEE B A AICOH)PY, HBAT B vy (i i g
M Z W FLBRZEF, S8 T X F A pPERE . BE#E
pH 4R2E3m, KRR E&A MOk Z A O, A
DL B [AI(OH),] HIIEZAETE , il %5 19 Ti-Al LDHs
e APTE R, BTLL F W E B B T ALY,
gi L Arid, Ti-Al LDHs B LR & 4048 n(Ti) :
n(Al)=2 : 8, 4 Jii pH=6, il %% Ti-Al LDHs-1 24
e A R 63.08 mg/g, i SRR AL L
Ti-Al LDHs-1 ;W25
22 FRIUERHH
22.1 SEM %#F

& 2 & Ti-Al LDHs-1 W[} F /i 5 i SEM & Al
JTCEM

2 Ti-Al LDHs-1 W[ FRi (a. b). J5 (c. d) ) SEM

FIFITCR A (e)
Fig. 2 SEM images of Ti-Al LDHs before (a, b) and after
(c, d) adsorption, as well as elemental distribution

mapping (e)

MIE 2 A FHHY, Ti-Al LDHs-1 & AR /N
(G A TORL A ) 2 AR 25 40 HHERR I A) | R kLK
(FEl 2a. b), X5 R FIHUTTEE AR B TL5E
RAEA P, 4 Ti-Al LDHs-1 Wk F 5, J2ARE5H
IR X SEhk FHEAE (1 2¢. d), BEARARXERE , Xf
Lt Ti-Al LDHs-1 Wefff FRTJE K E , POkbE 522 51R
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/N, FEIAHES E A . WA 2e FT7R, Ti-Al LDHs-1
TH O, Al Ti 3MotE, WG F oCRMFEEUEY]
W B FIXT F A BRI . TR RIS, FIALE]
AR, £ TC R RIS TERE M S XS N 3 50 il

[l 3 2 Ti-Al LDHs-1 Wt F i J5 19 EDS 3% &,
MK 3 W[ IFEH, Ti-Al LDHs-1 %1 Al. Ti. O3
FhOCZ L, n(Ti) = n(AD) =1 : 4.2, 5B n(Ti) :
n(AD=2 : 8 e #Eir (& 3a), Ti-Al LDHs-1 W[t
F /a1 EDS 3% & (& 3b) %M, Ti-Al LDHs-1 3]
W T F o

a Al T ————
TR BERM%
(6] 48.19
Al 36.43
g o Ti 15.38
=
Ti
T Ll | .
0 5 10 15 20
fEg/keV
b Al SR B0
o 35.14
Al 38.23
z: Ti 22.23
= F 4.40
B
(6]
Ti
ok,
0 5 10 15 20
fEE/keV

13 Ti-Al LDHs-1 WHf F7iilf (a). J& (b) iy EDS [
Fig. 3 EDS spectra of Ti-Al LDHs-1 before (a) and after
(b) adsorption of F

2.2.2 BET »#f

[ 4 & Ti-Al LDHs-1 1) N, W% B - Bt B 45 £k A
LA,

ME 4 7] LLEH, Ti-Al LDHs-1 A9 N, MR-
B AR E T IV AL AR IR 4, WeRf ml Be R B H,
AU A, MR AR LR A AR5 (K 4a),
2B Ti-Al LDHs-1 A LR, LA 20 A1 A 045 98
T 2~7 nm kbAoA TEARERY B, No A F
FEAFLE PR 10T A SR Z2 3 2 2 W B, R 44 22
12, BE ARSI, £ p/pe>0.43 A,
N, TERI 5] A FLFLIE 9 & AR B ANEE R VBT, (It
AR TR

Ti-Al LDHs-1 fFLAE 404 5 fide 8 RSF 43 A
(& 4b), IE{EA7T 3.05 nm &b, 2115, Ti-Al LDHs-1
B He K H ALK 108.34 m¥/g, 5 T Ti(OH); B AI(OH); .

7012
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—o— M It
—o— LKt
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T
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HXTES (0/po)

0.030
0.025F &%
0.020}
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0.010~ x

0.005 - .
ol 9—o—o °
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0 5 1|0 1|5 20
fL#2/mm
Kl 4 Ti-Al LDHs-1 /9 N, M- bS5 iRk (a) FIFLER
A (b)

Fig. 4 N, adsorption-desorption isotherm (a) and pore size
distribution (b) of Ti-Al LDHs-1

223 XRD 4#

[ 5 4 Ti-Al LDHs-1 i) XRD &, #i[& R/
fii XRD &, MK 5 ATLAIAH, Ti-Al LDHs-1 7E
20=28.2°, 45.4°F1 65.2°4b I BLXT N T Al(OH); AT
Shige, FICH AP WARENE, X aTREZE N, R
I 3 B ] 45 19 Ti-Al LDHs-1 B 425/ HL L4384
TCRETEAAEAE, BT LIME LA I 3] A% R AIE 0

10 20 30 40 50 60 70 80
20/(°)
T R/ XRD i F
& 5 Ti-Al LDHs-1 /Y XRD 3%l
Fig. 5 XRD pattern of Ti-Al LDHs-1

23 FERIWERER
2.3.1 Ti-Al LDHs-1 #&m& 45 %A
51 6 4 Ti-Al LDHs-1 $ X BRI A F2BR
R (X AHER SEPR F BT A 11.5 mg/L ).
MK 6 AfLIFE N, M Ti-Al LDHs-1 &N
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(0.1~0.8 g/L) f3&hn, JFCERFA SN, i
F RBRBIEISE N BRI F AERFIL
B 2E A5 7E Ti-Al LDHs-1 #l4 0.2 g/L. X AEH
AW AN 2= 0.8 g/L, T Wik i i v,

FETH AW A AR PR B AR, S BBR M AEE
WREARIF T 85%, RIMEFNAS . R T A KPR k%
fRRAS, PR A B M P ABRR, JFLL3050 Ti-Al
LDHs-1 a4 0.2 /L

70 100
2 -o- BREAR

60 | / — 3 dg;ﬁ?ﬁo 190
gSO + (4 180 c\\c
=401 \ 70 g
H]lmﬂ - R
&0l #
§ < 160

20+

0 \o\o 50
10} o

. . . . . . . . 40
0 01 02 03 04 05 06 0.7 08 09
Bfm&/(g/L)

Kl 6 Ti-Al LDHs-1 SR ERIUA A FLBRR A0
Fig. 6 Effect of Ti-Al LDHs-1 dosage on fluorine removal
capacity and F removal rate

232 kAT pH 89 %R

WG pH 2 EBER0 &R ALY 2 bR
R T, WM 0 R ETF A 3 Zeta
LALPEE . P T SRR pH XA I B

50
9
45
?D N O\Qﬂ
? 40 \0\0
< 351 ~a
1 3wl e
@ 30 % 20 +30 mV\'\
> 0
Sos) 2 g2 Somy' R
—40 ¥
201 2 4 6 8 10 12 e
15 L L 1 pH 1 L L
2 4 6 8 10 12
pH

B 7 W) IR pH X R U2 St 5 )
Fig. 7 Effect of initial solution pH on fluorine removal

capacity

A 7 ATLAE H, Ti-Al LDHs-1 17K A o ks

Ir HUA R B AR E PR B AR BT, Zeta FAAZFE pH BT
BT R R S RIS pH=2~4 Y,
Ti-Al LDHs-1 (BRIA AW = . XN, 4
pH<3.18 [ &R (HF) 1Y pK, N 3.18) Bf, ¥
PRI EE L HE £7AE,  BU GG I R 32 2R T
WM 5 HF MBS A AEM (M —
(OH),_(OH,"++*F* H), J, Ti-Al LDHs-1 BRI 45
fik; 4 pH=4 I}, WP AYILL FAAAE, MRVERSE

2k Ti-Al LDHs-1 ¥4k, i JH: 3 1 (%) 1 H for 25
FERE T SR I B T ac e (CU+F sF +CL ),
FELI S| ( MT+F =MF ) IR 4% & ( M—OH+F =M
—F+OH ) Wefft Fr, HEREAE R ERS, K3k
mfH (47.59 mg/g); FiE pH MI4RZLiEf, Ti-Al
LDHs-1 FRIAI1E L far g @ik b, Ik, HER A &5
WA, 205, Ti-Al LDHs-1 %5885 (pH,y.)
H11.42, %4 pH>11.01 )5, WK EWEERN OH 5
F oA 354 [t , Ti-Al LDHs-1 2% 1 % W7 22 1k
LT, [R5 F 2 E) e AR R B A e HE R R
P 1 & AN R SO PR A i 3 MR, 28 BT
W, VWYL pH =4 i}, Ti-Al LDHs-1 BRIA R &
B, N 47.59 mg/g, FEBREN 86.53%.
24 HERBFHEZMN

LR EE A2, BEA1S F ™
A TE G R, SRR B R A BRI REN L 8 Ak
FEBH B F-%F Ti-Al LDHs-1 [ %025 f Y 52 i

ME 8 A LIEH , B T ETE 0~10 mmol/L Y,
HCO; fl CO3 X F AW B i dR K, kO SO3 il
H,PO;,, 1 NOsHI CIHsE MR/, R mi & HE
. HCO3>COj3; >S0; >H,P0;>CI">NO3, X £ %I
T, BH 7Y s g 5 2 AR LA ( Z/R ) ANTRI R S )
HCO il CO3HL AT 5 1 ¥ fof 2 B RS /N 8 F2F
£, 805 1 H,POL K Z , 1] C1 AT NO3HY Z/R {HHAK .
B BE (10 mmol/L) Af, HCO;#I#l Ti-Al LDHs-1
X FO B A AR P v, 3L Ti-Al LDHs-1 BRI &
M 45.70 mg/g FFEF) 9.30 mg/g, iX 1] e 5BR A
(R 2% vhRE 14 21,

2

=3 10 mmol/L =& 1 mmol/L
50 O35 mmol/L = 0 mmol/L
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Fig. 8 Effect of coexisting anions with different concentrations
on fluoride removal capacity of Ti-Al LDHs-1
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5 8 1 WRAZUT, 45 Ti-Al K A0 0 85 B B K r AR 5 Bk B F 1 g + 1819 +
55 a B¥, 360 min 5 &Mk TV, V7R mA = 50h
50 50.05 1 52.71 mg/g. X2, TEWMITLHEEL,
Bast W B39 Ti-Al LDHs-1 R AAAE K 2 %5 0 M A5
m%m- e omL TR F LR B B RONEEAT R
R 35t —o— 20 mg/L JUAS W B T B F T S 0 RS s R TR R Y
& 30f o 30mglk F S mag sz, 8 1 SO0 B ol SR B ReAIC, B
25F S 35 3 R oA
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4 t/min Table 1 Adsorption kinetics linear fitting results

b o 10mg/L

3 : %8 gﬁ F it ) — A AY L AR

- RE g ok gl b e
?2 - /(mg/L)  (mg/g) min (mg/g) [mg/(g-min)]

?;1_ 10 21.84 0.0061 09554 4735  0.0008  0.9969
E?o— 20 2036 0.0071 09412 51.18  0.0010  0.9993

30 19.747 0.0097 09406 53.82  0.0012  0.9998
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Fig. 9 Adsorption of F kinetic curves (a), pseudo-first-
order kinetic fitting curves (b), pseudo-second-order
kinetic fitting curves (c) and internal diffusion
fitting curves (d) of Ti-Al LDHs-1 on F~

IE 9a FTLLE Y, X F W 10 mg/L B
UK, W5 o T R 5 v I B BE 2 10~240 min,
Bifi J5 2502 W% Bt 91 F 540 min 2245 R BEHORAS s T
b FJR R E 20 F1 30 mg/L AOREIRLE K, W B R
HRAE 10~120 min 28 T, 120~360 min 2712 1

e ki e SRS LTGRO P R R R R R
FMERE, TR,

T2 MY T R LA 2

Table 2  Fitting results of diffusion model in particles

F i 51 Bk 52 Bri 53 B
oty Jomg g hellng kg
(g'min )] (g min )] (g min )]
10 1.6089 0.9401 1.3435 0.9772 0.2182 0.9722
20 1.9972  0.9597 1.3509 0.9758 0.1284 0.9473
30 2.4407 0.9682 1.2482 0.8819 0.1272 0.9999

T ko Y BCE R R

WK 9b. ¢ fR, U—2430 J7 ith S Bl sopE T
SIHCH AR B AG H, miA h  Mh A T R
FIZel A B A, R )y 2= R R g bt
T b A S B H R T AR R A R . N 1 AT LB
L AR B [ 9 2280 (R*>0.996 ) 97 Tl — 2%
R [R] 09 280 (0.940<R*<0.956 ), & B Ah 271 b
F 57T Ti-Al LDHs-1 X%} F# MR o 1 A i &,
ST W R, ke N, RN R, BN
k, [0.0008~0.0012 mg/(g-min) ) M Ti-Al LDHs-1
REP bRk Y B

M 9d Figk 2 AT LA i, R B B o S AR
B NERY RO BOTA 3 BT BL. 3 AR INYTHIRE
RS HZR G i, SR R R A2 3] Ti-Al
LDHs-1 A FREY AR HILFF 5, Hb
ka>kgr, VB F7E Ti-Al LDHs-1 P04 i %
LA T EE R, o 5588 5 2 Ti-Al LDHs-1 14N,
HYGE T N BB B A DA S, &Gk
MR RS-

2.6 MAZENWH
¥l 10 24 Ti-Al LDHs-1 X} F Wt Langmuir %5



© 1820 ¢

A% 4m 4 T FINE CHEMICALS

41 4%

IRLA; 3 3 o4 Ti-Al LDHs-1 7£ 3 FhoR[RRE
(288,298 F1308 K ) I M B F~ /o & ¥k & 5 F11 10 mg/L
BRI 280, 4 4 y Ti-Al LDHs-1 W Fff
F A W b 45 4 S50

# 3 Ti-Al LDHs-1 WM} F i3I 240
Table 3 Thermodynamic parameters of F adsorption by

Ti-Al LDHs

F it e g/ AHC/ AS®/ AGY/
(mg/L) pH K (kJ/mol)  (kJ/mol)  (kJ/mol)

5 4.00 288 11.88 0.077 -10.18

7.00 298 7.22 0.057 -9.73

8.50 308 27.50 0.114 -7.73

10 4.00 288 18.57 0.086 —6.13

7.00 298 9.17 0.051 -5.97

8.50 308 5.25 0.035 —5.66

E: AHOPRFBRUEFE IR SR HRG AL 5 ASCAR b e /% IV 4
85 AGOIRFRAREEE IR BN 7 A7 i i AEZE .

MR 3 ATLIAEH, AGFERTATIRIE R4 fifd,
ZW Ti-Al LDHs-1 Wt Fo R i #2 0E B & #E 4T
B, L ek A v % R sz I A ] 3k T R P
K, WeBf5R) Ti-Al LDHs-1 i F AW A B T 2=
PR JC TS5 R W4 A KT, S gt AR°
¥9>0, 156 B3 W B 570 Ti-Al LDHs-1 %F F~ 89 @ T
I, XA T F 545G 7K 030 81 78 B i i
P T F 505 Ti-Al LDHs-1 45 & Br Bl i)
Pl AN, ASONIEMARIESL, 7R it A b Ti-Al
LDHs-1 2 [ {78 5 F B AL 72 B 1 i B7)

MK 10 F15% 4 v LFEH, Langmuir £R 1) AH
KR E G (R™>0.99 ), il Ti-Al LDHs-1 X% F 0%
B3 2 B0 2 I B o AR AR S Langmuir A58
THREAR I, e fE pH 4574 T, 308 K B Ti-Al LDHs-1
W F BB A 117.65 mg/g, B34b, W%
TREE( 288,298 F1 308 K )M F=r , MB35 Ti-Al LDHs-1
X F R B RE a5 PR B AR EA A

AIRIELEE T ISR (n) (3> 1, $EI Ti-Al
LDHs-1 5 F MIEAEFIEER, T F WA+l

la o pH=4.00
2505 3 pH=7.00
o pH=8.50
2.0F
o 15[
=
Sy
2 1.0
0.5
0 -
0 50 100 150 200
pe/(mg/L)
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S0k
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a—288 K; b—298 K; ¢—308 K
IR pH F Ti-Al LDHs-1 % F Y Langmuir W fff %5
T2 il
Fig. 10 Langmuir adsorption isotherm models of F by
Ti-Al LDHs-1 at different pH

B 10

# 4 Ti-Al LDHs-1 W ffF F i B 45 R 2 2 4
Table 4 Adsorption isotherm parameters of F~ adsorption by Ti-Al LDHs-1

Langmuir £ %1

Freundlich %Y

Temkin F& A

K gm/(mg/g)  K/(L/mg) R? Kr/[(mg/g)-(mg/L)""] 1/n R? B/(J-g/mg)  Ki/(L/mg) R?
288 4.00  100.70 0.1111 0.9940 32.445 0.2158  0.9878 195.94 12.29 0.9443
7.00 86.51 0.0927 0.9919 28.708 0.2038  0.9923 233.38 12.52 0.9479
8.50 80.32 0.0856 0.9921 24.389 0.2220  0.9836 230.12 6.78 0.9457
298 4.00  108.70 0.1456 0.9954 35.025 0.2220  0.9842 183.87 12.55 0.9484
7.00 93.28 0.1185 0.9922 30.408 0.2124  0.9867 217.08 11.57 0.9444
8.50 87.26 1.0014 0.9903 26.717 0.2207  0.9826 223.59 6.88 0.9357
308 4.00 117.65 0.1510 0.9946 37.592 0.2259  0.9948 175.23 12.64 0.9713
7.00 95.60 0.1185 0.9906 31.815 0.2076  0.9847 224.62 13.59 0.9482
8.50 88.57 0.1123 0.9913 28.962 0.2102 09876 237.30 11.36 0.9454

. Koo K2 lUEE Langmuir F1 Temkin #5058 0 515 5 %05 K 29 Freundlich HETY R B 2540 5405 B S W MEERGRE O 6 4805

n W B SR
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2.7 WHMBEMEDT

PPk WA B 5500 S o 107 FH i S5 ) i B4R bR 2 — S
Al E A, B 11 A Ti-Al LDHs-1 42 6E F7i
REER T LAA Bl 1 P00 R R B 0938 hn L Ti-Al
LDHs-1 B Bk 502 B Wi B A o 00 1 B 3 25
46.21 mg/g, L5 1R 5 2 KHAENER G, Ti-Al
LDHs-1 WBRIFA 318 44.18 F1 41.23 mg/g, Lt
4 YR F-F# A FR , Ti-Al LDHs-1 PR IR A AT ol ik
33.84 mg/g, MY THIGHERBAE (46.21 mg/g) WY
73%. <8 Ti-Al LDHs-1 )R- PERE R T .

FREA R/ (mg/g)
S & & 8

—
(=]
T

0 1 2 3 4
TEERUR B
Bl 11 SRR Ti-Al LDHs-1 R0 it 1 52 i
Fig. 11  Effect of cycle times of on fluoride removal

capacity of Ti-Al LDHs-1
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B, FUHEA FEKE; 1686 e &b B I W14 I &
TRt K ) H—O—H 25 R sht 7, 1446 F1 1426 cm!
Aab 1R I A 0 ot 3 4 TR AR A R FR 3 (M—OH) 1)
iRz, WS M—OH SR EFs, Al RESE
FREFIGFEAE T HEGEA™; 606 cm ™' 4
WA M—O ., O—M—0 FlM—O0—M (M =
Al Ti) B MgaIRsl, WERf R %018 = 623 cm™
DY 76 3700 em ' AbIE R ELE IR AR B
P LA 4 DR B s, I AT TiTBEA BT
WL &R S A, MRERERER Ti-Al £
AR BEAN, FOXE 4R B B SR A 5 T —OH
FRIZE RN T, 1106 cm ' 4b A48 6 ] REXT . W B FJe M
—F #1020,

4000 3500 3000 2500 2000 1500 1000 500
H/em!

12 Ti-Al LDHs-1 W RS 9 FTIR 35151
Fig. 12 FTIR spectra of Ti-Al LDHs-1 before and after
adsorption of F~
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Fig. 13 XPS spectra of Ti-Al LDHs-1 before and after adsorption of F~
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& 13 AJLAFE Y, Ti-Al LDHs-1 W F A,
FHEILE N O, Ti. C. Al, MWK F /5 2I7E 685 eV
ALK B — B F o1s 08 (& 13a), FeiE T Ti-Al
LDHs-1 WM} F BRI 78 O 1s &40 3 XPS % & H

(E 13b), WeRftaT O 1s AT LA A 3 4~ 530.08 eV
I TI/Al 5S8R 7454 (M—O0 ), 531.68 eV Ab Ti/Al
5 —OH %54( M—OH Yl 532.36 eV &b 4 ik 517,
MR FJR, XA Ti—O Al Al—O #5555 5 5]
ZE4RE 530.23, 531.28 eV 4k, FH F 5 Ti-Al LDHs
R TAHEAER, IS T 8 fE Rl

TE Al 2p @4y XPS 5 ([ 13¢) 1, WEpf
Fa, Al 2p MR MRS S Re A & T 0.11
eV, XAl BE5 5 D b E A A A G
1E Ti 2p =0 #F XPS 3 & (& 13d ), WA Ti 2p
JCRELELS A fiE 464.41 . 463.32. 458.52 Fl1 457.96 eV
Ak 53 B3 BT Ti(IV) 2po JTi(H) 2p12 Ti(IV) 2p3jn
A Ti(M) 2ps, FBH Ti-Al LDHs-1 FPAEAE AP 2
B T CTE R T ) B30, 0@l F IS, Ti 2pys BIFAS
W) B4 AR MEE T 0.07~0.09 eV, i Ti 2ps;
B AR ZE A RE T A T 0.09~0.19 eV, XAl fE
JE N, F 5 Ti-Al LDHs-1 Z HE B &Y, F3
JRF R R A U PY e ik — A R
Ti—F F1 Al—F 2B i 5 F g Fff 2 I AH O

gE BT, W —OH 1 F 25 T Mt
R, X5 FTIR 43 Hrds B—3.

3 it

Ph NaOH SAUTHER] , R FLUTE L Hil45 T Ti-Al
LDHs W B A1 8k

(1) 4 n(Ti) : n(AD=2 : 8. 4+J5t pH=6 Il
i) Ti-Al LDHs-1 B4 feAE R FAG W 4 BE 76 Ti-Al
LDHs-1 #hn# 4 0.1 g/L, 7£ 25 °C. 200 r/min 551
TKIBTERYEY 12 h, Ti-Al LDHs-1 BIBR A B i
=M 63.08 mg/g.

(2) Ti-Al LDHs-1 £ B2k 450 H 450 3R,
@ FAFLA R, H R K (108.34 mY/g), 1
WIS W pH=4~10 N HBAT 87 1 B RCR B R T,
WA pH=4 I}, Ti-Al LDHs-1 B3N 0.2 g/L
i ELA S R A (47.59 mg/g) Al F L%
(86.53% ).,

(3) BFUREEH 0~10 mmol/L i}, F:FEMHE T
XiF F A W B R e I HE . HCO3>C O3 >S 05>
H,PO,>CI >NO; ., ¥ HCO; (10 mmol/L ) il
Ti-Al LDHs-1 X F W p9FERE fe v, 2L Ti-Al
LDHs-1 BRIA T M 45.70 mg/g FF%F] 9.30 mg/g.

(4) Ti-Al LDHs-1 W} F A9 3 2 32 3 w1l
MNP BIERER, I3 J) 2RV FT Langmuir

WG B 45 Ul L AU ST A5 IR B B 20 4 YR
fE G, Ti-Al LDHs-1 BYBRFA 54 33.84 mg/g,
WG RS (46.21 mg/g) 1Y 73%, FAETERERE
4, BB LR Y T .
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