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Experimental Research of Hg’*Removal by TiO,/Bentonite Composite
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Environment, Chongging 400716, China)

Abstract: The TiO,/bentonite composite was synthesized by modifying calcium-based bentonite with Nano-TiO,. The products before

and after modification were characterized via the approach of X-ray power diffraction( XRD) and scanning electron microscope ( SEM) .
The effect of TiO,/bentonite composite on mercury removal from aqueous solutions of HgCl,was studied at different dosage, pH,
adsorption time and the initial concentration of Hg** was investigated and compared with the bentonite by indoor simulation experiment
as well as the orthogonal experiments to determine the optimal condition of Hg”* adsorption. The experimental results showed: after
modified by TiO,, TiO,/bentonite composite particles were apparently smaller, the basal spacing was increased and with a loose and
porous structure. The adsorption rates of TiO,/bentonite composite on Hg’>* were increased compared with bentonite. The Hg®*
adsorption rates were increased with the increasing dosages, pH and adsorption time. The adsorption rates were higher than 98. 0%
when the dosage was 1.5 g-L.™" | pH 7.0, and the adsorption time was 120 min. The adsorption rates became smaller with increasing
initial concentration of Hg’*. False secondary dynamic equation could describe the adsorption of TiO,/bentonite composite on Hg®* ,
and the chemical adsorption was dominant. The adsorption isotherm of Hg** conformed to Langmuir equation, indicating that the
adsorption of Hg?* was typical monolayer adsorption. The optimal experimental condition was: dosage of 2.0 g-L™' pH 8.0,
adsorption time of 16 h and the initial Hg** concentration of 45 mg-L~". Under this condition, the adsorption rate was 99. 9% , and the
equilibrium concentration of Hg’* was 0. 034 mg-L ™"

Key words : mercury ; modification; TiO,/bentonite composite; adsorption characteristic; optimal condition

Ao — MR R E &R OTR , A RE A
W E . SRR AR IR TG Y o A 1) T
WK Z " FERIET PVC AR, S Tk,
T Tl ORES VA RORT RS o fE. &
FRIEK EAEHE AR RIS E | fb 2 DL A A
M SN FIE S BRI G Y, 5 2 AL il
TR A LR P SRR K B AL BT 1 A A
DUUELL | & @ik ik | Wk | B aciik | g

W R AR H K By VRS A AE — E SR [
P il R SRS I A B R BT
LGS TR R, 101 HL H R ] T4 B G

WFm B EA: 2016-07-25; EITHER: 2016-09-04
EeWBA: B X & o HE Al A% kB MR (973) W H
(2013CB430004) ; & PE 1T 35 ) Jm) B 5 B (2013CF-
101)
YEE B 4P (1992 ~ ) 2o LW FE A, R BEWF 9T 5 1)l PR
53k | E-mail ; 124977398 @ qq. com
* JWAEVEH , E-mail : dywang@ swu. edu. cn



2 4 PGS TiO, /B £ SRR He®* BB RERF ST 609

BB IR R 2. R RN R, %
15, I HAE AL R h 45 5 Y BOR 78R, 8 i kTS
Yelol IR RRRE B TR R AR, 2SR, T
BRI R 22 ez T R B R A T
Wb EARRE | BTSSR R A, (R AL SR R R 4
TEAEAEWL FIRICRAR . MBS/ | BEBRPEAN R O ELME
AT [ SR FH 25 T R DRIt B v R R AN B A
W RE A AR B A 33 B 55 R R AR Y — Rtk

i) = 2 P VR 2 e Y T A e — 240 480\ T R
R RAR R EE R SR 30 0, A BRI ek
TR FR A S 4 P 0 o 8, EL A7 i i R, A% I, (R
JERIRNE I + e F A Y5 K AR I AR BEAR.
ARSI, 8 3 3 b e i el B i 1 A i
BB, £ 2 BR AR AT AL Y RN A S
e 110, 4k Tio, AU ISR, HPERERa R
BEME/N, A R FoR A e A T, BRI A oA A B B oK
JEE K B A R R T S A W B A R 2 — 2 B G
VL B RAR R K TiO, 38 W AT 5 B
B XETRTISCSE [n) R, BT DA BE A5 3 1 R4 R K 4ok
TiO, Tl FH R k. I £ nT A — R b i 2%
&1 Tio, S R A A AT E 3 Tio, , 1 B
TiO, /B + 2 & pHREEA 5K b2 1 BLURTL A4
TR XI5 Y W) B 0 W B PR . 34Ok, TiO,/
R 52 A AR U I 5 K Ab B R IR B 5.
EALT S DU A TiCL, SR JEOREHI 4 TiO, /I
T A MORE BIFFE HOG FE A8 I B 1 R, 25 R
TN, o3 Bk UM I 1 RS - R o T R S R, T
PR IR B I BT A R AR K B, B
SN 2 R SR sAL S | Ti DGR A SO T AL
TCRIPIE A FE LS, 76 58 S AR R T LA %50t
BRI A Y TCHLA. Gaffour 25 768 75 % 45 1
FER T8 Fe,0, [ TiO, I 1, & B AE L 41
JE RS ] LU 3B A 98 % LA b B hil§ I FR 5.

AR TiO, /I + 2 G Rt 2 Ti5 1Yy
JEHEALREAR S Cr, As, 5 HLT5 Yo 55 W I, 56 F
K He " B BRI S A R, R AR B 533 i =
PRSI SG: , 4K58 TiO,/ i + 82 & B R He 1Y)
W BAE 2 BRARRAE , I 1 i I B 2B H™* 9 e 2%
ISR TiO,/ B 52 6 A RHI SEBR Tll i HI 2 1t
Bl B ARE.

1 BRI

1.1 SEE R
SR RHLIE A K TiO, (BLEKEHH S 2k AR

100 nm) , F5EENEE 1. Horb 402K Tio, FUkig A bt
WU SR KRB A BR 2 &), i 0 [ 9L e
FZFKM R IR 7). HAR R, Y =% | NaOH |
HCL, SnCl, . HCIO, , NaCl, HNO, ¥ }43#r4li | S5
HIZK A4tk

TiO,/ I L2 A MR (T/P EEME) . 55
B H KRR LR 2 mm BT, &1
HERT R 100 B i, il K , 4R 5 ¢ Tio, 52
TR E I 101, B—E & TiO, FZE - & T 5%
PeHr A 50 mL N = WECHO) AR RlG 5, RS
7 300°C A 2 h, &R 0. 5 h 5] — Ik i e
FRE B RVER, PR A K Vg, R DS A
100 H.

BB SR KL . PRI 1. 35 ¢ SALR, IFT
KIGBA 1 LR I 25 2 208, e ) nlovk B
1000 mg-L~" HgCl, 7K. oAbk B 5 SR 7K
IR R B 5
1.2 STk
1.2.1  WEHARERAE

WEE M 5 I 25 REE i A8 Ak, SR
i HLB% (SEM , JSM-6610 ) XA i 1 3% 11 JE 55 A5
BRI R H A B XRD-7000 %Y X 5 A7 Y
(Cu Ko §F4% ,40 kV,30 mA) ZMATHE 4 i U 4544
1.2.2 R SCE

PERRS A | pH | WRFRFAS (] R4 He* e B ix
4 FHAR, UL — R A0 H, B A ST 4 R
FXT/P AR He® * (520

(1) hn

£ 50 mlL 15 mg- L~ BB E SR K, 20 4%
AR &2 1 T/P 52 & A RERUIZ IE + 859 % pH
6.0, B TREIIPEFERS T HEATIRE, 7 220 remin ™
T T/P E AR, BEIE £ 5148 12 b, 2 h TR
A B B AR S - R He TR

(2)pH

TE4S HEAL &, 0. 01 mol- L~ ERFR M
0.01 mol - L™ " &AL WK 15 mg- L~ BRI 5K IE K
A3 SIET ZASENG pH W B IS 25 B A i ) e 7
M He " WRE.

(3) W B esf ]

TE4S B EALIN I | pH &4, 20 e R A
Bf (1B T HEA TS5, W BT 5 5 B/ R DV 2 - Al
W He " MR

(4) W1hh He* e

TEA HARAUAS I | pH 258 R W Bt ) T, 43



610 AN 5%

B 38 %

SIS B R B0 5 oK 2 K iR AT 52 58, W B s
25 WU B R I 2 VA T Hg TR
1.2.3 Efismkst

TR RS AR b g — i Ak,
4 AHE 3 AIKCEHATIESS IR, 8 & T/P 264
R He " ML &5, 4 ARSI T/P &
SRR w(A) g L7 W pH(B) ; IR

G He " WP ¢(C) ,mg-L~"; WFFFEFIE] ¢(D) , min.
1.2.4 R Scs:

52 B Tl FH e W8 RS 55 ) [ g0 P 2 3
W B M e — AR A, N T3 T
T/P A PRI He® * J5 ) [DSCT B0, 7 S5t 1 e
FAPRY AN b HEAT AR W SIS, o MR B RS R L
mL FVEWRINE He® MR IE SR J5 7025 LB, 1550001
JIA 50 mL 0. 01 mol-L~" NaCl, 1% HCIO, Il HNO,
YRR R R, A28 DI B FE 4% L AT M. R 2 h
Jo BT mL BRI SE He® W 5 i o 5 i
Wi, I LA R e A AR R
1.2.5 I 7 i Ko 45 o]

Hg” " W FE ] F732-V ¥ J 7 W W50 SR AL (1 it
AR ) W K B R 0.05 e L' W%
BFS-A7 I, U R RERGE 0. 22 m SR IE AR, SR 5 B
ARSI 1 mL, M BE A % 10 mL. A 2 mL
TR N 30% 1 SnCl, , 78 Vi A i T 46 i & 19
F732-V 5RAL F5E He?* W JE. pH HIE TR pHS-
3CT MR E . SCO0 ot B rh AT 5L A s 1 5
BT ECHE AT B . SPAT A ] 20 T A X A
TZEXNT 2% , 25528 IR TR PR, £ b 28
S EIIE HIE 5 34 FH Excel 2013 F1 Origin 8. 0.

1.3 iEIE

JZ[E]FEARYE Bragg FREE .

d(001) = A/2sinf (1)
K A W ASPRAESZ I, 0 AT £, d Sh ShiE
[E)ER

W BT 2t S A B %%
q="(c -c)V/m (2)
R =1[(¢cy —c,)/c,] x100 (3)

g BB meeg 'y o, WHIME Hed* W WM

[ mg-L7'; ¢, B Hg*' BFHR IS, mg- 17" V Hy

BT Ly m OB B g5 R IR % .
I B A

Q =cV/m (4)

R = (Q/q) x100% (5)

KA, Q MR mg-g "5 ¢, IR I L A I

W Hg™ IR B mg - L VIR, Ly m
MR R, g 5 R WFRIR, % 5 g NI,
mg-g~'.

2 #FR5WE

2.1 WERHMRERAE

N 2RGS0 SEM B A 1, & 2 frs.
L 1 AT oM, B R 2 ARG, S
TiO, B A8, aniE 2 fizs, ol IR B Wi 1, T/
P GG MRHURL SR AR AS /N O A3 A LR34 5 ik
X mE A MRS R X AT g
M T TiO, #F ASENGA 2 2540 3R T 5 A A
Y J2AREE R, R BOLRTE B /N k. A, 1
Tl -0k AR /0N, He R T B R 2 K, A Bl TR e

-~
[
e

20KV WD11mm %5,000 S5pm ——

1 Bt SEM Bh
Fig. 1 SEM image of bentonite

2 T/P E&H## SEM BA
Fig. 2 SEM image of TiO,/bentonite composite

M3 AT, 25 Tio, At I 1
d(001) FrH A 1 /N7 1) 4t A2, £ SRR 9 5. 8° 28



2 4 HGPEAE : TiO, /I = SRR He® * BB P RERITTE 611

5.4°. Zad it ASSEREIE 12 RIFE R 1. 522 nm,
UOPESS , T/P A BORHZ IR KA 1,635 nm. 2L
PRI K 3 (b) R AE 25.4°  37.8°, 48°, 55° ) B
THIEKY TiO, BYFRAEAT I AR Tio, 7E g iE +
e B S s (T 15 S s 4
R R IEATT S 2 2R P s 1 2K, 1T BB FH T TiO, #F A
R + 2] T R A 45 S BUIE 254 kA AR
R0 EUE R, TiO, B iE AR 1 2 B K, 7 2
B 3 5T A2 HES I Bk P 4 B 254, H R 28
FENER A2 B R EA FF T e fLaE > X
55 SEM 43 Hra R —3L.

(a) B L '

] 10 20 30 40 50 60

(b) T/PSL A AR} F

(1] 10 20 30 40 50 60
20/°)

B3 BELtiT/P S XRD EE
Fig. 3 XRD spectrogram of bentonite and TiO,/bentonite composite

2.2 HAFIRHIR

L A B R L, pH W
T W WRHER S0 g™ WM — 3
0 S5 S ITEL 4 B, WS T A R 5 26

100 [ @
80 |
40

—&— p

02 4 6 8 10 12 14 16 18 20 22

B SCEG T/ P A ARG He®* 118 I B 238 25 e 3 K
Fra—JZiE 4, e n] 0L, 20 Tio, 2otk Js i i
- W RE R KR S, X H? ™ B T ik 21 98 %
Vi k.

I 4 (a) WAL E—EJBF N, T/P 24 4k
R A% Hg? Ay Rz 6 23 25 i 5 AR oo 14 36 3 1
A E LT /P A MAEERNEMRT 1.5
g- L7 HT, W B R SN WT b TR B B W R 2
TP, B K B RIA F) 98. 0% . T i + 76 Uy
TR 1S g L7 B RF Ak B e K, R 41.0% . Bl
BN AR, S He? ™ B A0 I8 B A A7 o Bl
Z 362 | DRI R R Bl 2 3 R T Y S 1 o 3
—SEFRHE WV R B Hg® ok T I B A7 1k ) A
T, VR o6 30 2 5 0] S A VR B 23R 0K Bt 22 e T AR
AR T B — i AR U, — I, £ TiO, el T/
P A MRHZ BB A, Mo mi AU A, 4 B T
e . S — i, WFE RGN K Tio, X He'*
FLAARR W B EE 1 Tio, X I + iE AT
e, BESR A BT 2 Y W B S, i R TP 2 A MR
X He® * Ao B fE.

HE 4 (b) AT, T/P & A kA I £ %t
He' " W23 pH 2 mEE® K. T/P A Mk
£ pH 3.0 ~7. 0 254k [ P9 W B 236 DA 9% 323 1 7t
#199. 0% , 1% 90% , Z J5 #a T V-4 , I HLAE pH H
7.0 B R 555) 99. 0% . i +7E pH 2.0 ~10. 0
P AR Y R R B SR AN DRI 18 R, W B 23R A 19, 9% 5 i 4G

¥ it g L pH

100 [ po-e-e 100 |

80 ((:I) - 80 | (c2) o
ol 5ol
= g w0 */_“‘—’—’_‘

20 20

0 - : — 0 . . . ' 0 - - ; -

0 1000 2 000 3000 0 50 100 150 200 250 300 0 20 40 60 80 100
18 B 16k 3] /min 0% B B (1] /min Wt H i /mg L7

(el) F(c2) JW BRI T/P &2 & 44 i 0 Hg? * 52
B4 HEHEE TIO,/BidtEAHFIRM He?* BRI

Fig. 4 Effect of several factors on Hg?* adsorption by TiO,/bentonite composite
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