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60 F1 TNs-72 %JPh( 11 ) A5 B 43 301 479. 40, 504. 12 482.00, 388. 10, 364. 60 F1399. 00 mg-g ™", AR TNs %}Ph( I ) E.
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Influence of Reaction Time on Titanate Nanomaterials and Its Adsorption

Capability for Lead in Aqueous Solutions

FAN Gong-duan'?, CHEN Li-ru', LIN Ru-jing', LIN Qian', SU Zhao-yue', LIN Xiu-yong'

(1. College of Civil Engineering, Fuzhou University, Fuzhou 350116, China; 2. Institute of Advanced Energy Materials, Fuzhou
University, Fuzhou 350002, China)

Abstract ; Titanate nanomaterials ( TNs) were synthesized via a simple hydrothermal method using TiO, (ST-01) and NaOH as the raw
materials, and presented different morphologies by adjusting the reaction time. The physico-chemical properties of the as-prepared
TNs, such as morphology, structure, surface area, and chemical composition were characterized by XRD, SEM and BET. The
adsorption capability and rules of Pb( Il ) in aqueous solutions were tested in the static system. The results showed that the TNs
prepared with 12-72 h reaction time were pure monoclinic phase titanate and their specific surface areas were in the range from 243. 05
m’+g”" t0286.20 m*+g~'. TNs with reaction time between 12-36 h mainly showed sheet structure, and those with reaction time higher
than 48 h showed linear structure. The adsorption capacity of Pb( I ) by TNs-12, TNs-24, TNs-36, TNs-48, TNs-60 and TNs-72
was 479. 40, 504. 12, 482.00, 388. 10, 364. 60 and 399.00 mg-g~"', respectively. The sheet TNs had a better adsorption capacity
than the linear TNs. TNs-24 had the highest adsorbing capacity. The adsorption kinetics of Pb( Il ) by TNs-24 followed the pseudo-
second-order model, and the equilibrium data was best fitted with the Langmuir isotherm model. The equilibrium adsorption time of
TNs-24 was 120 min, and the adsorption was an exothermic process, with a high adsorption capacity at low temperature or room
temperature ; the optimal adsorption pH was 5. 0. When pH was 1. 0, the desorption rate of TNs-24 could reach 99.00% , and the
removal efficiency of Pb( Il ) by regenerated TNs was still more than 97% after six times of usage. Therefore, TNs could efficiently
remove Pb( I ) in aqueous solutions, and the optimal reaction time should be controlled to 12-24 h. When Cd ( I ) or Ni( II)
existed in the solution, the equilibrium adsorption capacity and removal rate of TNs-24 were decreased. The adsorption mechanism was
mainly ion-exchanged between Pb( Il ) and H*/Na™in TNs.

Key words :titanate nanomaterials; reaction time; lead; adsorption; regeneration
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AN, il 25 A RDE AR R], 2 ot 25
S, TSI A o8 o) 7 R 2 X6 B T 5 A oK A ) 1 T
S LA T 4 S T SR RE AR A Lm0 (HE
IS A BB (B X TN B9 T 350 B HC i B 44 68 1 5%
MR RA RIS, HIL, ARG T
JN A I TRIG) TNs JESR . 4544 | L3R i FR A fb 2
2557 I RZ A, FFHR T TNs XFPb( T1) Y W B
i B W BFF A A, 3 3 e 3% TNs B 551 7 8 B
FEA RAHE], LAY M BEAK TNs A U AS $2 £ B iS5
filh, 0.4 TNs 7E F2BRoK v H 43 s 25 1 10 g HH $2 A4
RZHE.

1 HH5HE

1.1 SEEARH S &

A FEAH A Tio, ¥R (ST-01, H A
ISHIHARA SANGYO KAISHA /A 7)) . NaOH, HCI,
Pb(NO, ), BHRMERE AU (1000 mg-L~") , BRATHR
HEAH 25 W R L g A, FL 42 3k 700 3 R 43 #r 4.
Ph(Il) B + % Wl &5 2 3 o kil — & &
Pb(NO,),, 2B 7K, E 221 000 mg-L™",
J S S IGARE T B — 2D AR R

FEALERE A X Pert PRO X SFEM AR ATHHAY
(XRD, fif 2% PANalytical A H]) ,S-4800 37 & 414
L, T 15 (SEM, H A Hitachi 22 ] ) , ASAP 2020M
4 3h bt 3 & sk fL FL AR 4 T AL ( BET, 3
Micrometric 23 ] ) , Nicolet 6700 {# 37 2T 41 % 54X
(FTIR, 3 [ Thermo Fisher Scientific 2] ) , OPTIMA
8000 FHLIEFN G 45 B 1A & 3 73 A { (1CP-OES,
£ [H Perkin-Elmer 23] ) 4.

1.2 STk
1.2.1 TNs Bil4

TNs (] % £ 2B % Lin %7 A Wang
VTR A BT IR SR K B Tl £ TNs. K2 0.6 ¢
TiO, ¥ AR A NaOH 7K ¥ (10 mol-L™",33 mL)
o EIR I RAPERE 24 b BERHSS)E IR GBI A
60 mL 5 VUG 2 %5 N AT 10 = R R 48, % B, A
130°C 19 Fi, AP I S8 XU 4 b 40 i R 12, 24

36, 48, 60 172 h, 73 Hic A7 TNs-12 . TNs-24 | TNs-
36, TNs-48 . TNs-60 Fll TNs-72. B HIEFEIR, R
A5 20 A A R B I W R I R B ke E
Pk, BeJa B A EUTTETE 70°C T EFE b 18—,
RIS W25 .

1.2.2 TNs BYEAE

P15 B RE T B W B Ph (11 S B RE ) B 35
WA IS, XRD 20T dh AR AL AR, B3 Ko
2, WK 0. 154 18 nm, [T 4T Ml 5° ~65°, Z J5
AR, RESYEOIEST SEM WEE. RESLOFLES . b
L UM FL AR R i BET 03K 43 A, 38 78 5
TTK, RS AE 423K A TRANEE 6 hy b BUR H
Brunauer-Emmett-Teller( BET) J7 -8, FL42 0 4
$% B8 Barrett-Joyner-Halenda ( BJH) /#3158, R H
FT-IR I 22 #F i 0 20 AP B 1E 1, #F il 45 R B KBr
JE A3, MY B R4 000 ~ 400 em ™', 43 FER K 4
em ™. WEBHATIEP( ) ¥R SR FH ICP-OES #6:.
1.2.3  HAJE B IR s g

W2 B 52 6 12 38 2ok ik S 55 64T, T 200 mL HEIE N
BT KR R N E TR 20°C (BRIGE 2 S50 PR
Vi FRIRHG S R 200 remin ', g B — 2 B E] S HX
IEWES 000 remin T ELL, 0. 45 wm BERRIS UE
B, Z 5 H 1ICP-OES & 5 43 J& 25 W .

(1)6 FPATRIEBSECR AT Ph( 1) #0 4R MR
5,10, 20,50, 100, 200, 300 1400 mg-L~", pH
95,18, TNs il 0.2 g-L ™", 483 6 h.

(2)IRERMFE W Pb(IL) IR E N 5. 10,
20, 50, 100, 200, 300 F11400 mg-L~",pH }y 5.18,
TNs B2 0.2 g- L1, SUM IR S3924 20 |, 40 A
60°C ,#%%% 6 h.

(3)Wefftsh F12%  Ph( 1) ¥ N 100 mg-L™",
TNs # A4 0.2 o-L~", pH K 5. 18, BUFER ] g
0.1.3.5.7.10.15,20.40,60.90, 120, 180 /I
240 min.

(4) %W pH M52 M Ph(II) ¥ BE b 100
mg-[fl ,TNs &k 0. 2 g-Lfl IR 6 h, B

A pH 430 1.0,2.0,3.0,4.0,5.0,6.0, 7.0,
8.0.9.0, 10.0,pH H 0.1 mol-L~" HCl 5{ NaOH

(5) esRBomE sz Ph( 1) WREE S 100
mg-L™" pH 4 5.18, %% 6 h, TNs #hn 4> 5 K
0.05.0.1,.0.2,.0.4,0.6,0.8 F11.0g-L™".

(6) W S28  Ph(I1) %N 100 mg-L™",
TNs B2 0.2 g- L7, 2% 6 h, W B ¥ s, Il
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RHESEE T HRIEIE ¢, APEHRE ¢, 0.1
mol -L.™" HCI 8 NaOH 5 % W (4 pH A 1.0 ~
6. 0, IRIRARZESEFE 6 h TR K )1 7 , ) 5 s i o
G I B IS VAR BE

() PEFRME IS5 TNs X Ph( 1) BAE R g fhf
YR Ay W - R P A - o ) e e, LA TR A <
B0 B AN i 3, Y WA R 400 mL, Ph( 1) 97 4R v
J¥ 150 mg-L~", TNs /-5 0.8 g- L~ R H
0.1 mol-L~" HCI # pH % 1.0, f#W 6 h, iR 5 Y
TNs .0, THIFFRE, i N TNs-des; FA T FE R
JH0.2 mol-L™" NaOH ¥ ¥ [ NaOH W A = m
(TNs-des)/0.8 g-L7" ], #4578 6 h, HAEFH
TNs [FAEE L . TIEFFFRE , 1€ TNs-re; TNs-re 4
LEWEBPH( IT) , LALAEER 6 . A T Ui A e 72
(A EEZLE , FH TNs-des JEFRNEFFPH ( T ) VEXT L, HAK
BRI

(8) T WL K528 Ph( 1) A Mkl 100
mg-L™"  TNs BUINE N 0.2 g- L', #E¥% 6 h, A7
CA( M) s Ni( IT) my# B2 4352 0, 25, 50, 75,
100, 150 #1200 mg-L™".

t B ZI B 5 g, (mg-g™") | PRI 25 & q,
(mgeg™") . KBRRR(%) . Wi D(% )it N
A

€ — C,

R = x 100%

Zd :Z % 100%

o ¢, e, Flle, 53 BIIG | o BFZI I BRFF-
FE AT T (mg- L") ,m AEKFRERAI I (g) ,
V ORISR TIHERAAF(L).

2 RS

2.1 TNs fUZRME
2.1.1 XRD 43#7

ANTE) 52 0 B TA] 45 A FY) TNs- 12, TNs-24 , TNs-
36, TNs-48 . TNs-60 1 TNs-72 Y XRD % & 40 &l 1
Fis. IHRT LI Y TNs 76 26 S 10°, 24° 28°fll
48°4b 43 N B T AT e, Horh 26 Sy 10° YU I R T
TNs (2RIG5> 170 20 78 24°  28° Fl 48° 4b (%
FEE TNs H Na* (AT HIE 200 45 51AE 0 6 Ff

D =

FEG I g i) B RAHERR £, 25 W B B BT
FEG 1 XRD % & w] DLGE B f 2E 4l Rk
(Na, H),Ti,0,'7 ",

26/(°)
(a) TNs-12; (b) TNs-24; (c¢) TNs-36;
(d) TNs-48; (e) TNs-60; (f) TNs-72
El1 TNs ZERE R EREER XRD i E

Fig. 1 XRD patterns of TNs synthesized with different reaction time

2.1.2 SEM 437

B2 28 6 Flbt R B &, b ml DU
AN 52 0 B TR R A5 TNs BA RRIIESR. Horb 12
~36 h FEE R AR S5 A AT, 9K FTE SRR I
T, JEEREOA LK, KA 9ok A A B 2 58 . &
DIAERIEIR R 5 48 h A LAY TNs 58 R R4k
AR, RIS 4t REAR 54 5 60 h B2 72 h & %
MR SR G5 M, KR, R JLE 90K, EK
AR BT R T LAE Y, B MRS R ok
F B AT RS B 8 G A — .

— e, Y TNs S BB [ FE 12 ~36 h i,
TNs LR AR AETE , Y S B HRTZE 36 ~72 h il
FEIP, TNs =22 DVEIR B 2UAE 76, N SEM ] LA
F XS TNs FUR iy B R 8 4R 4 98 ok A8 45
Y, TAAETE RS . AR TiO, 40K 1YIE s bl
L, YRR TiO, X EIR BB 2 A ] D) 2
ARAY TNs 0] fg—Fhrpra =4t
2.1.3 BET 47

K3 R T 6 F TNs (19 N, W BA-Hid B <5 TR 5.
MR IR 6 FbT RS2 SR A A 5 H3 Hirf5 2R
IV RIS R > 2 R T MR A FLARE.

F 1 IR T AR B (]G R A Ak ) A B A
PE, R AT AL, 6 Fhb B B 3 T R 243,05 ~
286.20 m’ g AN, HAH2ZE AN K; FLAH 0.279 ~
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(a) TNs-12; (b) TNs-24; (c) TNs-36; (d) TNs-48; (e) TNs-60; (f) TNs-72
B2 TNs ERRE R ERREEHEAMEEE

Fig. 2 SEM images of TNs synthesized with different reaction time

300 250
200
'-?" T'?-‘J
£ =150
_5-; L4
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§ ; 100 |
= =
= z 30
T 0 : : TR R
0 01 02 03 04 05 06 07 08 09 1.0 1.1 0 01 02 03 04 05 06 07 08 09 1.0 1.1
HIRHES (PP D (PP

3 TNs B9 N, BRBH-Ai it iR 4%
Fig. 3 N, adsorption-desorption isotherms of TNs

0.403 cm’ g "N AT I AN [ R RE RS A [R] 9 46 1 Ph (1) #9108 B 532 1
2.2 TNs %FPb( 1) (W S2 56 SE. K4 R 6 FiRFREEAS FEIRIRAHEE P (1) YW R
2.2.1 6 FRARHK BT H 7 g, MEBRE R, R T 6 bk Ph (1) B9 255

TR 6 FRAPERR P (1) ROMRMASCR B oEit Ok, IRl LUR G R W BE R T, 6 Bk R
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Fl 37 &

Ay,
=

Ph (I0) F9-F-165 W82 B 2 AN 0, B 28 i s T AR
1T 2SR A 5 4 25 ke 3. X BRI O iR
JERZARMST , BRI ER AT LR I BT 1k 7 A2 A AN 2 58 53]
PR R BR R 53— 7, — & Ui A BRIR £

ARLR A M AR AT BB, S0 o P R B —
TERRIE T, PR3 1T A IR RS 3 R0 45 B M T 1
BHAEIE MHEAVRE , SRR &R B TR A EI
B, DAL RRAIR 1 4 S Ay o™ 72,

#z1 TNs EEREHSH

Table 1 Basic structural parameters of TNs
ZH TNs-12 TNs-24 TNs-36 TNs-48 TNs-60 TNs-72
LR R /m? g ! 259.36 243.05 286. 20 255.93 256. 10 274.37
H LA em® - g ! 0.283 0.279 0.325 0. 309 0. 344 0. 403

MELHE 4 BT LRI, Ph( 1) iR BE /T
50 mg-L71 it ,6 FiAF RIS Ph (1) By ZBRRI AT KT
90% , H. 1 B 2 PR3 N, L 28 900 4 Wk B 35 K 28 200
mg- L~ 2 W T AR A2 ; TNs-12, TNs-24 |
TNs-36 ., TNs-48 . TNs-60 A1 TNs-72 %Pb( I ) i
BFHE: Fe 2 40 kg 479. 40 . 504. 12, 482. 00, 388. 10,

FHE TSR TNs, FrtR B9 TNs XFPh( 11 ) HA T &
(% R BE 77, Huang %62 FERF 78 o & B, BK R £6 4
KAEXT 4 Ja8 B 1 I W N A G U — 3 ) 2
ST Y KAE T AR A L, HLAA R0 B 2k AR
fEge, HAEmEEESEE T Cd( 1) ] Rk
MHEMRESBEF(Zo( ) MIN(IL) ] EEAE R

364. 60 F1399.00 mg-g ™", H:F L TNs-24 XfPb( I )

PRI B F 5, TNs- 12 5 TNs-36 2. 45 R0,

0
0

0
50 100 150 200 250 300 350 400 450

co/mg:L”!

600 120
(a) TNs-12
500 - 100
400 - 80
@ 300 H60
= L
2200 - 40
100 - 20
0 1 1 1 1 L L | | 0
0 50 100 150 200 250 300 350 400 450
600 120
(c) TNs-36
500 4 100
- 400 - 80
o
&0 S
£ 300 160 5
2
200 < 40
100 < 20
0 1 1 1 1 1 1 1 L 0
0 50 100 150 200 250 300 350 400 450
400 120
330 4 100
300
Ty 250 180
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