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CTS-PVA 460.18
CTS-PVA/5%ST 470.85
CTS-PVA/10%ST 455.12
CTS-PVA/15%ST 447.25
CTS-PVA/20%ST 435.45
CTS-PVA/30%ST 396.12
CTS-PVA/40%ST 376.46
CTS-PVA/50%ST 356.79
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| EE CTS-PVA

B CTS-PVA/10% BT
| BN CTS-PVA/30% BT
{ EEEE CTS-PVA/50% BT
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Adsorption capacity (mg/g)

Cu(ll)  Cd(1n)

Heavy metal ions

Pb(1

|

He(1l)

> YR ARG RIBR PR RIS Ho (1) 7R 167 FO R B Aok R AR R B A
MR B BB . Hg(1)> Cu(ll) >Pb(11) >Cd(l1)
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C, WEq ERETr

BpH,
(mg/L)  (mg/g) (%)
1.00 7.21  0.48115 5.34
2.00 8.26  2.04348 19.79 H e T

\
I
(

300 917 487524 4254
400 943 109387  92.84
500 926 11416 9861
6.00 8.99 11.0748 98.56
200 889 109498  98.56 T R S TR
800 845 104026  98.46
0.00 854 104952 983
1000 849 104043  98.02

1 L
=2
=]

—s— Adsorption capacity
—»— Removal efficiency

Adsorption capacity (mg/g)
" 1 '
=

(=] [\ = (= [= -]
LANEE DL I LA L |
|
I~
=1

(24,) AU [RAOWIY

| s
—

11.00 7.69 9.0473 94.09
12.00 7.68 8.8778 92 .52
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B
N N 0 [&WE (( 00
BE () o) ERET (%)

(min) 12
@ . : + - 100
5 875 529 48.32 = — o
=10 | fED
2 1.8
10 875 801 73.23 e Adorptoncapy 3
15 875 913 8343 g 8 - —»— Removal efficiency _ 70 %
30 875  9.89 90.35 € ol 12
60 875  9.99 91.34 g 173
T 40
120 875  10.48 95.81 b0 dm G e lie) 12w
240 875  10.80 98.66
480 875  10.71 97.87
960 875  10.88 99.42

1200  8.75 10.86 99.24
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HgCl, Hg(CH,COO0), Hg(NO,),

Samples
C C C C q C C q
PH (mg?L) (mg/fL) Qe (mo/g) ' PH (mg?L) (mg/fL) (mglg) ' PH (mg?L) (mg/fL) (mgg) r

PVAOO 5.50 468.33 9.12 183.68 98.05 550 | 667.83 | 13.18 | 261.86 | 98.03 | 3.50 | 374.43 2.87 148.63 99.23
PVAO5SBT | 5.50 468.33 9.22 183.64 98.03 550 | 667.83 | 15.26 | 261.03 | 97.72 | 3.50 | 374.43 1.21 149.29 99.68
PVA10BT | 5.50 468.33 10.22 183.24 97.82 5.50 | 667.83 | 20.33 | 259.00 | 96.96 | 3.50 | 374.43 1.35 149.23 99.64
PVA30BT | 5.50 468.33 15.96 180.95 96.59 5.50 | 667.83 | 27.65 | 256.08 | 95.86 | 3.50 | 374.43 2.02 148.97 99.46
PVAS0BT | 5.50 468.33 30.05 175.31 93.58 550 | 667.83 | 45.76 | 248.83 | 93.15 | 3.50 | 374.43 5.5 147.56 98.52

~ 70

20t mm PVA10BT
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CTS-PVA/10%BTHEM | HERRZEREE | MoKfEER | R AK

CRifE) (glcm3 ) (g/g> (cm3/g)
KTF20H 0.1150 9.6805 9.4675

20-40 H 0.1241 9.2875 12.5436

40-80 H 0.1439 9.9077 11.0795

/NF80H 0.1865 9.6402 9.4472
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(I
St VR 8 R R 7K AL B R X EE

3 Y 2R H
SRRy N C, (mg/L) | C; (mg/L) Wil | T pH, P

(mg/g) | (%)
PVA10BT(40-80H) | 1108.19 590.95 646.55 | 46.67 | 550 | 4.21

JtEAREE CH-97 | 1108.19 261.795 1057.99 | 76.38 | 550 | 2.81
JbEREE CH-95 | 1108.19 424.85 854.17 | 6166 | 550 | 2.73
MBS R REA 1108.19 380.15 910.05 | 65.70 | 550 | 4.19
AP E)SE % EB 1108.19 503.79 755.49 | 5454 | 550 | 3.01
¥R E WS | 1108.19 416.60 864.49 | 6241 | 550 | 2.82




SUBRBMPNA L  ENERaER Ry
Q@
(e A RBOK AR
- C, C; |WftEq| =KFE oH,
(mg/L) | (mg/L) | (mg/g) | r (%)
PVA10BT(40-80H) | 8.7541 | 0.0989 10.82| 98.87| @24
b= #HEE CH-97 | 8.7541 | 0.0153 10.92| 99.83| 4922
JbEFEE CH-95 | 8.7541 | 0.3969 10.45| 95.47| 386
HINEsE MABA | 8.7541 | 0.1045 10.81| 98.81| 464
HINEsE WAEB | 8.7541 | 0.6251 10.16| 92.86| 4.11
FEERMRAE | 8.7541 | 0.15422 10.75| 98.24| 402
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Selective removal of mercury ions using a chit
hydrogel adsorbent with three-dimensional n¢ pH dependence and thermodynamics of Hg(Il) adsorptio
Xiaohuan Wang **, Wenye Deng*", Yuyu Xie®?, Chuanyi v chitosan-poly(vinyl alcohol) hydrogel adsorbent

*Laboratory of Emvironmaencel Science end Technolagy (LST), Xinflong Technicel Mussieute of Peysics
* Anclysis end Testing Conter, Xinghang Technical Institute of Physics &r Ohemistry, Chinese Acadesty

HIGHLIGHTS

« The CTS-PVA hydrogel adsorbent
with three-dimensional network
structure was prepared.

« The hydrogel showed superior
adsorption capacity and selectivity
for Hg(ll) tons.

« Three-dimensional network strcture
of the hydrogel was characterized and
modeled.

« The selective adsorption mechanism
of the hydrogel for Hglll) foas was
proposed.

* Key Laboratory of Functional Materials

Xiaohuan Wang™', Ruzhong Sun"*, Chuanyi Wang***

South Being Road, Urumgi 830011, R G

d Devices for

AS. Xinjiang Technical Institute of Physics

GRAPHICAL ABSTR, llese of Cremistry and Pharmacy

University, 1638 Nanyang 473061, PR Chi

HIGHLIGHTS

GRAPHICAL ABSTRACT

* CTS-PVA hydrogel adsorbent showed
superior adsorption properties for
Hg(ll) ions.

* pH influence and theromodynamics
of Hg(ll) adsorption on the hydrogel
adsorbent was studied.

* Functional groups responsible for
Hg(ll) adsorption changed with the
pH of solutions.

Chemical Engineering Journal 251 (2014) 404-412
Contents lists available at ScienceDirect
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Preparation and characterization of chitosan-poly(vinyl
alcohol)/bentonite nanocomposites for adsorption of Hg(ll) ions

Xiaohuan Wang ™, Li Yang ', Junping Zhang %, Chuanyi Wang*", Qiuye Li"

(W) o

*Laboratory of Environmental Sciences and Technology, Xinjiang Technical Institute of Physics & Chemistry, Key Laboratory of Functional Materials and Devices for
ina

Special Environments, Chinese Academy of Sciences, 40-1 South Beijing Road, Urumqi 830011, PR Chi
®Key Laboratory for Special Functional Materials, Henan University, Kaifeng 475004, PR China

©Science and Technology Development and Exchange Center of Xinjiang Uygur Autonomous Region, 353 First Street of Science, South Beijing Rood, Urumgi 830011, PR China

“Center of Eco-material and Green Chemistry, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, PR China

HIGHLIGHTS

« Chis ly(vinyl were

« The structure and morphology were characterized by XRD, FTIR and SEM, etc.
« The BT content has great influence on microstructure of the nanocomposi
« The nanocomposites have high adsorption capacity and selectivity for Hg(
« BT can improve the adsorption selectivity of the nanocomposites for Hg(ll) ions.

« The hydrogel bolds great promise in * The binding force between Hgfll) and ARTICLE INFO ABSTRACT
Hz(I1) removal from aqueous functional groups was strengthened .
environment. athigh temperatures. Articie history: Chitosan-poly(vinyl (CTS-PVA/BT) with high adsorption selectivity
o Restlts Gbtaknedile this: seody may Recelved 20 eomany 201 for Hg(l) ions were syntlleslzcd by introducing BT into the CTS-PVA polymer matrix. The structure
Received fn revised form 22 April 2014 and of the were by XRD, FTIR and SEM, etc. The BT content
ARTICLE INFO provide a scientific and engineering Accepied 22 April 2014 has great influence on microstructure of the nanocomposites. BT is in the exfollated state in the polymer
ABSTRACT : Available online 2 May 2014
basis for Hg(1l) removal. matrix when the BT content is less than 7%, Whereas some of BT tends to be intercalated by CTS and an
i formed as the BT content is beyond 7%. Some of BT particles dis-
‘,:‘:::’“‘I", . The chitosan-poly(vinyl alcobol) (C! Kok o perse as tactoids in the polymeric matrix and a flocculated-intercalated nanostructure is formed with fur-
Seceived In mwd‘ m' 23 Apeil 2013 via 3 glutaraldehyde crox by ther increasing the BT content. The nanocomposites possess a mesoporous structure with a narrow size
Acepnd 26 Apes 2013 process. The formation of the three« AR TICLE INFO ABSTRACT Adsorption selectivity distribution and BT can effectively enhance the thermal stability. The nanocomposites have high adsorp-
Availabie online 7 May 2013 TR According to | (1) tion capacity and selectivity for Hg(1l) ions. The adsorption capacities for Hg(Il) ions with a BT content of
g mechanics theoretical simulation, th Artide history: “The chitosan/poly(vinyl alcohol) (CTS-PVA) hydrogel ads Removal 0%, 10%, 30% and 50% are 460.18, 455.12, 392.19 and 360.73 mg/g, respectively, which are much higher
and intra-molecular hydrogen boods Received 2 June 2013 ture showed superior adsorption properties for Hg(ll) than that for Cu(ll), Cd(i1) and Pb(I1) ions. Interestingly, BT can improve the adsorption selectivity of the
CTS and —CHO groups of glutarald Received in revised form 25 August 2013 adsorption on the hydrogel adsorbent is strongly pH-dq nanocomposites for Hg(1l) ions. In addition, the nanocomposites can effectively remove Hg(ll) of different
Throe-dimensional network & that the fydrogel adsorbent Accepted 29 August 2013 o (30050 & hiah i s ONSE DT s mercuric salts with various initial concentrations and pH.
() Availibla ol oc solution mg/g)is higher than thatin pl solt © 2014 Elsevier B, All rights reserved.,
Advorption selectivity adsorption capacity for Hg(ll) bons 1 adsorption on the hydrogel adsorbent was not only by el
Mechanism Hg(ll) loas is 487.7, 36642.5, 284298 o before and after Hg(ll) adsorption represented that the fu
toman ""9"‘“‘"" Its selective adsorption pg“;e"du“ tion changed with the pH of solutions. Thermodynamic
tral analysis before and im" Thermodyna hydrogel adsorbent is a favorable, spontaneous, and enc ) )
imvlvd i Ha(ll) adsorption, espec Chlmszn]poiy(mnylakohd) hydrogel force between Hg(ll) ions and functional groups was str 1. Introduction toiits special

properties for heavy metals and dyes. Therefore, BT has been

groups responsible foc Hg(ll) adsorp Lo the adsorption more favorable at high temperatures. The ; % L < A s
acxtate. Hsm) andtheF models Thet irakin Bentonite (BT) is a kind of clay mineral consisting essentially of  widely used as an adsorbent in wastewater treatment |1-4]. How-
Adsorption 10 950,62 mglg with Increaslng temperature from 20 to ¢ ‘montmorillonite (MMT). It possesses large surface area, high cation ever, BT can swell and form very stable colloidal suspension when
of and provide as exchange capacity and negative surface charge. These excellent it contacts with water, which causes the solid-liquid separation
very difficult after adsorption. And even BT was used in the form

application of the CTS-PVA hydrogel adsorbent. - i
L yirog * Carresponding authors. Tel.: +86 991 3835879; fax: +86 9913838057 (X. Wang,  Of packed beds, the drawback of the low permeability of the com-
1. Int C. Wang). Tel.: +86 378 3881358 (Q. Li). pacted BT bed still exists |5]. These seriously restrict the practical
E-mail addresses: wxh0377@msxjbaccn (X Wang), yangljssc@163.com application of BI.

% (L Yang), jpzhang@iicp.cas.cn (J. Zhang), cywang0991®163.com, cywang@ms.xjb. Recent reports have shown that BT can be used as fillers in var-
* Commesponding asthor, Tel: +86 991 IISE79; fax: +86 991 383895) it 1. Introduction jous polymer matrices to prepare nanocomposites because the

Enal addresses: wxb03770msabacen (X Wangh dengwy@muxibacen

(W. Deng). xieyy@msbaccn (Y. Xie) cywang@omsajbac.cn (C Wang) wides

' Tel: +86 991 JEISETY; Lux: +86 991 IS8T, Amon
¥ Tel: o856 991 2920814; fax: +86 991 3838957,

Si—0—Si groups of BT can interact strongly with functional groups

7 Tel.: +86 931 4968251,

All mercury compour
Inorganic mercury has t
in culture medium at 5
and Hg(ll). Hg(ll) or me
the environment than F

* Corresponding author. Tel.: +86 377 63525056.
** Corresponding author. Tel: +86 991 3835879; fax: +86 991 3838957,
E-mail addresses: wxh0377@ms xjb.ac.cn (X. Wang), nysrzh®163.com (R. Sun),
cywang0991@163.com (C. Wang).
T Tel: +86 991 3835879; fax: +86 991 3838957,

htp:/jdx.doi.org/10.1016/j.c¢ 201404089
1385-8947/©> 2014 Elsevier BV. Al rights reserved.

1385894778 - see froot matter © 2013 Dsevier BV, Al rights reserved
azp:/idxdolorg/10.10165.0e5201 304 104

0927-7757/$ - see front matter © 2013 Eksevier B.V. All rights reserved.
http:/jdx.doi.org/10.1016/j.colsurfa. 2013.08.068
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455.12, 392.197360. 73 ng/g. WO TR TRISINNEFTARZRREATHNES~RS, MAANVE—EREL
R R BT AR .

MREREAFT Chemical Engineering journsl 2014, 251: 404-412t. 1BXEMRRECHE T EFRXAE
Fl. ZWARIIESE T EXEANFEES. PRIR ‘FEHZ” FMEMFE.
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BRRIKRELBFEAT L T E AR SRR
B oK BE|FE K|S KRR | B | —HRRNEEE | ZHRMNEEE | SRR MHEEE | 10% WA S
R OW( AR AN HE(RKE|EBRR|RKE|ZRR | RKE | EZRR|RKE|E2BX
Bug/L) [(mL) | AE(@ | () [(mgL) |(0) (ng/L) | (%) (ng/L) |(%) (ng/L) | (%)
45.89 100 0.5000 1 |11.35 75.26% 98.11% | - - - -
889.07 100 0.5000 1 |87.90 90.11% 97.28% 99.56% | - -
4940.65 | 100 0.5000 1 |149.63 |96.97% |67.45 98.63% 99.84% 99.92%
10085.83 | 100 0.5000 1 |157.48 |98.44% |53.73 99.47% | 9.89 99.90% 99.95%
Bk [Efk | SR | BA | —SORRLAER | RRWAEE | SERWAEE | DERMLEE | EERMAEE
R (PR | BRI | W poepr | kR [RREE | 2BE [RKE | ZBE [FRE | RE [RKE | £BE
(ng/L) | (ML) AR (@ | (D) | ugn ) | (%) | (ugiL) | (9% | (uo/d | ) | Guai) | (%) | (g | (%)
45.89 50 0.1000 12 6.99 84.78 99.75
889.07 50 0.1000 12 53.20 | 94.02 0.27
4940.65 50 0.1000 12 7343 | 9851 | 26.77 | 99.46
10085.83 50 0.1000 12 131.03 98.70 48.80 99.52
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SREKRELEEART R FEAERRR e sAR
BEEHR  BAKGRIRE (ng/lL) | HAKRIRE (ng/l)
20144E11 18H 23.93 4.69
20144E11H20H 17.94 4.39
20144E11H20H 12.89 2.99
20144E11H21H 17.95 2.69
20144E12H5H 17.13 3.16
20144E12H7H 22.06 2.55
20144£12 5 19H 32.58 1.77
20144£12 5 21H 4.88 1.58
20144£12 H 23H 85.87 4.41
2014412 26H 61.69 2.65
201541 H5H 19.98 4.92
201541 H12H 32.87 4.91
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B e H # HEKRKE (ng/L) | HAKKRKRE (ng/L)
201541 H 21 H 15.60 2.80
201541 H25H 12.90 2.60
201542 H5H 18.62 4.98
201542 H 23H 53.70 3.90
20154F2 H 28 H 20.60 2.80
201543 H10H 12.00 1.80
201543 H 14 H 88.90 1.90
20154F4 H7H 33.60 3.10
201544 H9H 9.70 1.00
2015F4 H13H 12.00 2.70
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BEEHR  BAKGRIRE (ng/lL) | HAKRIRE (ng/l)
20154E11H 11H 21.9 1.9
20156E11H 14H 125.8 3.6
20154E11H 15H 167.4 3.2
20154E11H16H 221.7 1.1
20154E11H17H 211.7 1.4
20154E11H 19H 1115 0.4
20154E11H20H 135.3 3.4
20154E11H21H 96.1 0.9
20154E11H23H 722.4 3.0
2015411 24H 40.5 2.7
2015411 25H 30.9 1.3
2015411 26H 34.3 1.2
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BT B PR R B TR B P AT . MR, PR AR, BARARE I
S, AR, EARTARIARELE, Nk, RATT 20124 12 AFBE | Hﬁ%l& }ﬂ‘ﬁﬂ}j‘ﬁ?}%z’( |
B AL AR GRRAT T 2 KA 5030, ST 2013 75 7 AR TR | .
KON A KR . H@&tﬁg&%%ﬁ’ Qtﬁﬁ}? X

45 5 E R b K i R B TRALIE AR G, TR A PO AT . |
BARSGE, SEWAT MR TALGE RS . FEABT 2013 45 12 A, 2014 469 A-10 | 2':1&6’ Eﬂniﬁ%}fﬁ ﬂ:ﬁ% :
H. Hil 2014 4F 11 H-2015 4F 1 A7EIRA 8 S RBOKERAT T s BURAM R0 T - " 1
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BT B R AR X R R B LT, R, BRBUK SR
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China Chlor-Alkali Sep.,2(

=5 S Rt ok R B 3L
S Tl 25 ok B 7K R B L3R R Y [ PR

A IR S
(L B FRATRACRARFREA T BHFRAARRAARHM S BHTEELE
ik HFARF 830011;
247 A (RH )RR THRAE IR 5T T 832000)

B B2 m S ant R WA A A b B R AR b A R AR AT
H6AA BT REI ART RAKR, 8RAY, i S AR RR M H SR A S R A A
R ARG KARERSBEE S pgl AT, BREESHALPTE, & EHHBA
B R A TR E RSB R,

KO o Bk R B SRR T BOR A A

REB KT 10314.242 XHFRIRE, g LEBS , 1009-1785(2015)09-0039-03

Application of high—performance adsorbent for mercury ren
in advanced treatment of chlor-alkali industrial wastewat
containing mercury

WANG Xiao~huan', HUANG Fu-ming’
(1.Laboratory of Environmental Sciences and Technology , Xinjiang Technical Institute of Phys
Chemistry; Key Laboratory of Functional Materials and Devices for Special Environments, Ch
Academy of Sciences, Urumqi 830011, China;2.Tianneng Chemical Co. Lid., Xinjiang Tianye (
Co., Ltd., Shihezi, 832000, China)

Abstract: High—perdformance adsorbents for mercury removal were employed to deeply treat v
containing mercury from the production of polyvinyl chloride by calcium carbide method. A pilot
was continued for 6 months to investigate the efficiency of mercury removal. Results show that 1

performance adsorbent for mercury removal exhibits excellent removal efficiency in the tre:

low —concentration mercury. The mercury concentration of effluents can
below the value of 5 pg/L. If the device and the process employed are proper, such material is expe
applied in the field of advanced treatment of mercury containing wastewater.
Key words: wastewater containing mercury ; adsorption; chlor —alkali industry; adsorbent for

removal
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