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WE. @SSRS TR T 3 FORFRRAR Tio, WG, W pH . TR B I (8] 40 iR He® ™ ok 3 45 IR 38 X B 480 3 /K
Hg( 1) W FfF3c S fl s, ol B PR R BIFSE W] B 245 2F 9 25 nm Ti0, 1 100 nm Ti0, #ANE4> 54 7.5 ¢ L' M1 2.0 g- L', H:
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Experimental Research of Hg( I )| Removal from Aqueous Solutions of HgCl,
with Nano-TiO,
ZHOU Xiong', ZHANG Jin-yang'*, WANG Ding-yong'“, QIN Cai-qing', XU Feng’, LUO Cheng-zhong’,

YANG Xi®

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. College of Chemistry and Chemical
Engineering, Neijiang Normal University, Neijiang 641112, China; 3. Chongqing solid wastes Management Center, Chongging
401117, China)

Abstract: Mercury removal from aqueous solutions of HgCl, was studied by indoor simulation experiments, and the effects of three
different diameter of particles of Nano-TiO, ( Nano-Titanium Dioxide ) at different dosage, pH, adsorption time and the initial
concentration of Hg’* on the mercury adsorption from simulated wastewater were investigated. The single factor experiments showed that
the optimal conditions were: 7.5 gL ™" of 5 nm TiO, or 2. 0 g-L™" of 100 nm TiO, , pH 8. 0, initial concentration of Hg** 15 mg-L"™",
adsorption time 5 min, and under these conditions the adsorption rates reached 99. 5% and 99. 3% , relatively. When the content of 25
nm TiO, was 10 g-L.™", and the other conditions were pH 8. 0, initial concentration of Hg’* 15 mg-L ™", adsorption time 60 min, the
adsorption rate was 62. 8% . The Hg( Il ) removal effects of the TiO, particles with different diameters followed the order of 100 nm
TiO, >5 nm TiO, >25 nm TiO,. Component adsorption results showed that the 5 nm TiO, component adsorption effect was superior to
its single adsorption effect, while there was little difference between 100 nm TiO, component adsorption effect and its single adsorption
effect. The results of orthogonal experiments indicated that the influencing factors of the adsorption rate followed the order of pH > the

initial concentration of Hg*

> time > dosage. The optimal experiment scheme was: pH 8.0, a dosage of 100 nm Nano-TiO, of 2.0
g-L™", an initial Hg"* concentration of 25 mg-L.~" and adsorption time of 10 min. Under the experimental conditions, the maximum
adsorption rate reached 99.9% , at the same time, the equilibrium concentration of Hg( II ) was 0.033 mg-L™" <0.05 mg-L™",
below the current enterprise rules of water pollutants in mercury emissions limits. In addition, the maximum adsorptive capacity was
26.95 mg-g~'. The adsorption isotherm was in line with the Langmuir isotherm equation, indicating that the Hg( Il ) uptake by 100
nm Nano-TiO, was typical monolayer adsorption.
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K, AL 000 mL S MR R 2 8. HE ks
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R T I 5 TR A A 2 25 X W R SR R i D
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Table 1~ Stability constants of mercury species

calculated using MINEQL +

S 5 IgK
Hg?* +Cl- ==HgCl* 7.3
Hg?* +2Cl~-==HgCl, 14.0
Hg?* +3Cl-——HgCl; 14.2
Hg?* +4Cl-—HgCl3~ 15.5
Hg** +Cl~ + OH~ ——HgCIOH 10. 44
Hg?* + OH - ——HgOH * 10.9
Hg?* +20H - ——Hg(OH), 22.3
Hg?* +30H - ——Hg(OH) 21.46
Hg(OH), =—H,0 + HgO | 3.6

1.2 LRIk
1.2.1 PR LG

(1) AK TiO, BRI XTI B 24 11 52 e

Ay 0.25, 0.5, 1.0, 1.5, 2.0, 2.5,
5.0,7.5,10.0 f1 12.5 g-L™' 5 nm TiO,, 1.0,
2.0.3.0,5.0,7.5,10.0 #12.5 g-L~" 25 nm TiO,
DI} 0.25,0.5,0.75,1.0, 1.5, 2.0 f12.5 g-L""'
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WL 0.22 wm Je e BT e B 5, B 1 mL 7 B
EARAE 10 mL. A 2 mL FR& %8R 30% 1Y
SnCl, , TEP &7 Fn i TAE T 2 F732-V IR AL U
AEHg (1) W B, 727N 5256 i il - 43 WK 3%
SEhNASE R TiO, HEAT S, 43 70 5 W 1 2 BF 5 B
Je A P He (1) WREE .

(2) WU pH X2 B34 14 52 i)

TERALEINE T, FH 0. 01 mol- L~ EH#R A1 0. 01
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Fig. 1 TEM image and X-ray diffraction patterns of particles of nano-TiO, materials with three different diameters
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1.3.1 W B R e i
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K %.
1.3.2 SFERWHSEITHE
Langmuir 55 2R 5 0 B350 2 T 5LA 14550 i
BEFRE T, BT 1 R SRR AL S A I, B 05 e 9 52 e I 43
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1 1 1
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K, g, B, meg-g™'s g, NI KWLM &,
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TR W B R, REEA K 0 A
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T 1o P THEREHIIR, —BA8 0.1 <1/n
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2 HR5H®

2.1 PRI IR S
2,11 4K TiO, 0 i Xof IR B 56 Ay 5 i
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(A B 23 12 S 30 AN DR b T e

=TI
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-T2
—A—T3
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Fig. 2 Relationship between the dosage of nano-TiO,

0.25 0.5

and the adsorption rate of Hg( Il )

5 nm TiO, BIEART 7.5 g- L', LB RBEGH
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ARSI LA b, i — 2 FSE S nm A
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nm Ti0, 53 et W Fh XoF 182 B 25 (14 52 i, 235 R G &) 3
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Fig. 3 Relationship between the component adsorption of

5 nm nano-TiO, and the adsorption rate of Hg( Il )
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Fig. 4 Relationship between the component adsorption of

100 nm nano-TiO, and the adsorption rate of Hg( I )
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Fig. 5 Relationship between pH and the adsorption rate of Hg(Il)
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Hg ( T0) W iy o 2 R 22, 222 300 2 RF 2080 23 B 5 T
pH FHE M E kS i T Tio, 2 HL A FloR Ak
BV ERZ pH (1458 U520, AT R W Tio, X
He( I1) Byt . %5 F Tio, P25, 44l T 3
E A (2. p. c)H 7. o>, 7 pH 18 7 B, it
Ti—OH J& TiO, K EZIE, 1M Hg(OH), 1T 5
TiO, ORI M Ti — OH KALE G [, & PR
I 5. X R FEf#RBE T Serpone 25 i BfF 5% 4%
H. 54N, TiO, WAER) Tl i T2 sE i Hg ( 1) %
BiF B LR ZR M Ti0, WS TE I Al Rl FEAR S T pH
{8, 3 B0 pH AL 251 59 mV BT 17
SRR VAR
Eq =-0.05-0.059pH (¢t = 25C) (5)
HRYEHFR(S) , FHF T ARSI B F1 B pH (E A K
HUrAsfk, pH{E 3 AR —0.227 V; pH {H 4 i -
0.286 V; pH {8 7 I4 —0. 463 V; pH 1 8 ik —0. 522
V. HgCl, ,Hg,Cl, Fl Hg(OH), i JSARAERAL (ARG
ST HeCIOH 7E3X )5 T FRCR ) 23 ke .
Hg(OH), +2H>" +2e” — Hg’(1) +2H,0(aq)

E° =1.034V (6)

2HgCl, +2e” —> Hg,Cl, + 2C1" (aq) (7)
E° =0.63V

HgCl, + 2e” — Hg’(1) +2C1” (aq) (8)
E° =0.41V

Hg,Cl, + 2 — 2Hg"(1) +2C1°  (9)
E’° =0.268 V

PR, AR LG TR M 2544, ZEWT 4R pH {2 7 F1 8
I RS 280 B 5 A O R
2.1.3 W BRFAS R XF 22 B R A 5

FESLI 56T A3 UER M 7.5 g-L™" 5 nm Al
2.0 g-L™" 100 nm TiO, , WA pH A 8.0, 451 Fff
0.5.10. 30, 60 & 120 min HEATSC5 , F 20 fhHita]
BRI, G5 R 6. MR AT FE 5 min 2
HT,5 nm A1 100 nm TiO, %FHg (1) )2 B4 B st ] 1Y
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HEOMMEIE K, Z S5 T2, 765 min BF,5 nm TiO,

R K 99. 5% ,100 nm TiO, FEHFEN 99.3% . R . . .
T PSRBT o b L O 5 e T W -
+
TROFT, DT He (T0) B B2 e AN K.
2.2 AFRMHHRE s S0}
2.2.1 SRR =
TESCH PFF, 4 s 7.5 ¢+ L' 5 nm A
2.0g-L™" 100 nm TiO, F 10, 15, 30, 40, 60 80 60 |
F1100 mg-L~" W Hg( 1) %W b, 819 % W pH R
8.0, 7EZ R 25°C FHEATSLH0 , B 48 WA He® W XT oTre
USRS PR N o 20 4 6 8 100 120
timin
A 7RI, BRI AR et He B A 38 i BiF o T
. = o S THS Al 5 XEBREMK R
EEEI“U&/J\ EQﬁ%ﬁﬁwl}ﬂgmithg%% X‘Tﬂ: 5 nm Fig. 6 Relationship between adsorption time
T102 ’ %E%Dﬁﬁ Hg2+ Wﬁiiu 80 mg'L_l uﬁﬁ s WW$ and the adsorption rate of Hg( Il )
105 40
—a—T1]
100+ —=—T3 435
95 +
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90 L
425 _
2 8¢ H
¥ ol 420 ;
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75 | {15 &
70 - 410
65 |
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Fig. 7 Relationship between the initial concentration of Hg( Il ) and the adsorption rate of Hg( Il )

TR B AR 22, N 99. 4% T &3 97% |, 4k Lk
WG He® " v B, W B B 45 K e B2 R B, 15 31 100
me- L~ I W MR Ky 87% , B R W [ & 11,5
mg-g~'; X T 100 nm TiO,, ZEWI 4G He®* He B 1k 5]
60 mg- L~ DA, W BfF 3T B AR - 2%, I 99. 6%
NEEE 95% URSEIG R UG He* VB W B B 2%
FMEBE T I, 35 5 100 mg- L~ B WL B % 65. 3% ,
% B e e KT 3R 8 32 mg-g ™'

A3 I DR AT R R - VR BB Y HeCL, 7K W
Cl~ 2H I R, 3 %t Hg ( 1) A9 W B 4 77 A 30 i
PERIS20. s Fiim i 7 H IR T HeCl, B A 41 IE
B, XN A AR W T B R R MR R R A
EATTARE 5 B B

2.2.2 40K TiO, %5 TR B 2k

M B 25 2 A R AT 44 K TiO, W B BE 1Y
HEAEPR, A DIARYEAAK Ti0, W B Aij I 4 it e B2 1Y
34k, A Langmuir F1 Freundlich W 45 i =0 A% AU Sk
HE—2D 73 Hr H R RE.

T S5 T W B 256 (4 LA 1, X 7 100 nm
TiO, SCY Kt | 43522 Langmuir 1 Freundlich &
Tk, iz (3) F1(4) M5 W RS2 56 K40 oK AR R
AR T FESHI A 2.

2 TIAEOCRET LA H, 100 nm TiO, Xf
Hg (1) B9 Ffl454 Langmuir F1 Freundlich 2535 W B,
{8 Langmuir J5 72 B L& 8O- B 8 3% (R® =0.989 3,
% % P <0.01), 368 100 nm TiO, XFHg () A9 W B &
By JE I L84 Langmuir BRI 11
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Ay,
=

FEASHH BB 0 26,95 mg-g '
2.3 AR RE

i DL b iy B PR 2R S R 25 R 43 A AT AT 100
nm TiO, X Hg( 1) AU R AR A T #6100
nm Ti0, WK AR L2 0 A6 E LG, #EAT TIESS

RIS, BERET 4 NIHE 3 DKFE Ly (3Y) BT
ROANHESE: TiO, B w(A), gL'
R pH(B) 3 WA M Hg( 1) ¥E ¢(C) ,mg-L™";
WEREESE] ¢(D) ,min. IE3CIAINEE R UL 3, 0 4h
RATHr IR 4.

%2 100 nm TiO, WHiHg( I ) HW&BFRESHY
Table 2 Isothermal equation parameters of Hg( Il ) uptake by 100 nm nano-TiO,

i WA qm/mg'g’] k/L-mg_] K; 1/n R?
Langmuir y=0.0069x +0.037 1 26.95 5.38 0.9893" "
Freundlich y =0.266 5x +2.7677 15.922 0.267 0.8987"
1) # %R * P<0.05 BEKF, = = Fom = = P<0.01 H i EKF
%3 EXRBER
Table 3 Results of orthogonal experiments

75 w/g- 17! pH ¢/mg-L"! t/min LBRE/ %

1 1.5 6.0 15 5 90.7

2 1.5 7.0 25 10 95.9

3 1.5 8.0 35 30 99.3

4 2 6.0 25 30 93.6

5 2 7.0 35 5 95.1

6 2 8.0 15 10 99.6

7 2.5 6.0 35 10 92.8

8 2.5 7.0 15 30 94.1

9 2.5 8.0 25 5 99.7

x4 FTHRERSFY
Table 4  Analysis results of orthogonal experiments
SN K, K, K, K K K3 R /%

A 285.9 288.3 286.7 95.3 96. 1 95.6 0.8 7.8
B 277.2 285.2 298.6 92.4 95.1 99.5 7.1 67.8
C 284.4 289.3 287.2 94.8 96. 4 95.7 1.6 15.4
D 285.5 288.4 287.0 95.2 96. 1 95.7 1.0 9.1

DK, HHEZFE AL B, C, DI i(i=1,2,3) KPFES R EA8 4R W22 F s KDoA K, °F3ME; R MK, Ky K EFE AL B, C, D ik

RS E/MEZ %

PR 25 0 i X s 45 R b AT /00, 3k 4 LU
R K/NATHEH I 48 Ti0, £BHg( I1) £ N Z iy
ST A TR pH > WU He " MR > W B st (7]
> Ti0, BN, IE 3SR I A TR R B R R
i RE T LS 0 7 58 . T pH = 8. 0,100 nm TiO, ¥
TR 2.0 g- L', W14 He® " ¥R 25 mg- L™, 1
B 10 min. FEBLSE 5 510 T, He( 1) ZHBRE N
99.9% , W M I 1 W v Hg ( 11) S 467 e E 4 0. 033
mg-L™" <0.05 mg-L™" KT H ATk 82 K75
ey rh R A HER BRI .

3 it
(1)l R Z 45, 3 FiR[RIRLAR Tio,

W B Hg ( 1) 38 550 F 4 : 100 nm TiO, >5 nm TiO,

>25 nm TiO,. SR =W RS SRR )5 nm TiO,
3 et W FRTRSCR A AN T B FFASCR 5 100 nm TiO,
(18 53 F R B 55 B A R 2 S N K.

(2) X} 100 nm TiO, H it 1EsCRge o 5215 i, 52
M 100 nm TiO, W He( 11 ) BRI ZREHET R . W pH
> WG Hg (11) W B > W If ] > Tio, #shn. il
i W3 AT A R A S T R W pH = 8.0,
100 nm TiO, #ANER K 2.0 g- L~ W hh He® " WK
25 mg-L™" MR} 10 min. 7ERCSEEG450F T, He( 1)
LR 99. 9% .

(3) 38 3o % VL W% B A AU A 5T, 100 nm TiO, %
Hg( I ) W B 475 Langmuir F1 Freundlich 55 i W&
Bff, {H Langmuir 75 F2 A 3L& 308 3 82, 3a B 100
nm TiO, XJHg (1) i) Wz B 2 8 20 iy B0 5 22 W o
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