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The mechanism for arsenic( Il ) adsorption from aqueous solutions via different nanomaterials
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China)

Abstract : Batch sorption experiments were conducted to investigate the adsorption of arsenic (Il ) from aqueous solution via multilayer
graphene oxide (multilayer GO ), 20 nm hydroxylapatite (P,), 40 nm hydroxylapatite (P, ), and nano zerovalent iron (nFe ). The results
showed significant differences( P<0.05) in the adsorption capacity of the different nanomaterials for arsenic( Il ). The order of absorptivity of
these nanomaterials for arsenic ( Il ) was multilayer GO(17.4 mg+g™)>Py(2.74 mg-g™)>P,(2.17 mg+-g™)>nFe(0.976 mg-g™). The ab—
sorptivity of multilayer GO was 17.8 times that of nFe. Through characterization of the different nanomaterials using Energy—dispersive X—
ray Spectroscopy (EDS), X-ray Photoelectron Spectroscopy (XPS), and Fourier Transform Infrared Spectroscopy (FTIR ), it was confirmed
that the adsorption mechanism of multilayer GO included chemical adsorption and physical adsorption, whereas the adsorption mechanisms
of Py, Py, and nFe consisted of coagulation adsorption and complexation of oxygen—containing functional groups.
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Table 1 The physic—chemical characteristics of different nanomaterials

ML ¥ Sy Fa LRENIZS PZC  WERMBYm® g fLiE/nm Kifdmm C/%  N%  O/%  Sil%
£ZJ2 GO CO(H0), —  EEROSATIRSE 371 830 1.26 1.67 543 1.57 41.7 —
Py Can(POy)((OH), 1004 ANITERER — 120 184 212 58 0960 39.6  0.160
Py Can(POy)((OH), 1004 ANITERER — 62.7 206 396 106 0890 448  0.150
nFe Fe' 559 SRk AR 742 12.3 438 503 532 — 547 0210
TE " ARA

Note: “—” not detected.
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Table 2 The element content for As( Il ) adsorbed by

different nanomaterials
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Figure 3 Removal rate of As(Ill ) adsorbed by different

nanomaterials under the influence of different quantity
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Figure 7 The peak figure of oxygen element for As( Il ) by different nanomaterials



B ARFGDR B AsCID) BB

2329

FEHBL As-0 PR As Al 3E i U0 O 5 OH 4R
g8 NIRRT 22 GO . Py IEFAs( I JF C=0
TH R, As—O 30, 1 Py W B As CID) 5 01 3% 38
COOTH4R, As—O B4, UhAH As BT LS5 B 80U P (1)
ALEA BRI As AR . nFe TRFF As(T)J5 3%
K C-0 Fe-0 Jik/>, Mn-0 341, HB As—O B
A, A W75 B Fe—-0 M P REAT, il LUE S 45 &
YEREZEIE As B R TR BB B AAA,
M PRSI B RE T1 o XA RGO
R AsCIDJE 1Y As3d &R HEF o0 (8] 8) &3, £
JZ GO 1 As( V) As (I ) BT (& EE A8 43 551 /2 26.4%F1
73.6%, 5 Fantauzzi 25097 555 —2, HZ 2 GO
X} As BYEAAERES N Py 5 Py B As(V) As(ID T
b7 45 ) 2 41.4% 58.6% 5 45.1% 54.9% , 18]
BB IR AR T AsCID % AL nFe H As(V ) A
AsCID) T o5 L A143 ) 2: 45.3%FN 54.7% , 5 Hofth, = Fp
PERAHEE , nFe Xt AsCTID A EAYE AN B 2 .
2.7 FTIR 534F

XISV KAA U B As (T ) i F o e EL 21 4h
eI EIREA X H AT o o, O—H ({455 41z ol [X 7
3400~3700 cm™ Ab,1832 em™ &bk C=0,1523 em™ 4b
g C=C g, ZJ2 GO(& 9a)Wft As(T) i, BRE

2=

1.8x107] .,
I

1.6x102] 46.0

C/S

1.4x107}

e
............

1.2x10}
b

1.0X1025\........: .................................................................. 4

47.5 47.0 46.5 46.0 45.5 45.0 44.5 44.0 43.5 43.0 42.5
BE/eV

2r -

8x10 [ cPy P \

PRt

; AS(V) 4oy

6x10%f S434 0

|

7x102+

C/s

5x10% A0

BE/eV

Fiom L G, (R IR ES /N, O—H S8 JCHH A2 4k, C=0
SRS A — S AR BRI X B GU BRE AsCIIT)
JEIZM R A T AR R AR A DRI B R
C=0 W7 ALY 2 I R RFE 2 [AIIE i T S o Poo
(1 9b)FI Py (] 9c ) TEMZIT As( ) )5, 3442 em™ Ab
AR, HShI5mARR, Py BRI S, Py
D/~ AL RHRRLAR AT RE 2 REMA T AsCID) 5 B
R PO BihE , it W] 1 e AT A W R A v 1
FHIVER, IX - Saha SEPIBEFEARAR ML, H - FH R C=
O BRI TEH A2 1k nFe (18] 9d)TEMZ I As(ID) 5 HE
TRNEERIAOR, AR E REHTA AR R 225
RN O-H M2, C=0 30, A W PRI T gkl
Gy KA AAE R OH-, AT FE 45 R —3.

3 i

(ARG R & TR AT W25 52, HL
AsCID) = As Fr i LRI 22 )2 GO>Pa>Puy>
nFe, HAZJZ GO WFHE(17.4 mg-g™ )L KT HA
ZRRERE, Py X As I ) B9 92 B 422 Py 199 1.26 4%,
Wi AR 2 FIDRLAR S 52 Wi 40 K BRI B S8R
N

(2) AR GKAS LR As CIT ) F9 I B 2o R A 24 52

2 e
8x107 b.

b Py
7x10% A
;o433
6x10%F As(V) e
F f i . _\..‘.
«Q E I . v o
S 5x102§- Fra AN Y
# A As_(f]]l )
4x10% o i Y
b P Y 'x
o bt cm T 1 -
3x10 f | | -
2x102L - :
48 46 44 42 40
BE/eV
Zr
6.0x10 [ danFe
5.5x10%} T
5.0x102;* A 4}0
4.5x10%} \ (EV 5 =+,
I F s(y ’ i L}
& 4.0x10%f r f |k
3.5%10} / S as(I) \
| =] |
30X102I .............. — | _ -\.1.
b ! I
2.5x10*+
| ]
2.())(]02 ...................... 1 S S |
45 44 43 42 41
BE/eV

B 8 ARIAKFBEM As(ID)FH As3d 5 IEE
Figure 8 The peak figure of As after adsorbing As(1ll ) by different nanomaterials



2330

|

80t

60

40+

20 +

0
4000 3500 3000 2500 2000 1500 1000 500

W/ em™

100

80

60

40

20

0 i
4000 3500

3000 2500 2000 1500 1000 500
W/ em™

e W

bedllle sy S-Skl 25 36 555 11 51
3700  -CH,- C=0 (e C-H
100 oz, ~OM Y :
; :
80 382 i
L[
IS H
T 60 : :
# i |
ol : :
% 40 ! :
i I
20} '
0 L L i i L L '
4000 3500 3000 2500 2000 1500 1000 500
W B em™
3700 c:(TC=C-382 C-H
100 L —OH 1 i
R T . | Fa
oy [ H £
80+ i . B i
G 24 5 500
& 56 : I
S 60F ' i H I H
W 175 | : : i1
) 1o : : |
® dor A L
i : i Pt
i [ ! [
20 H i i i 1
! ! d.nhe

0 ; :
4000 3500 3000 2500 2000 1500 1000 500
WeE/em™

B 9 REGKAT R As(IEY FTIR &
Figure 9 The FTIR spectra of adsorption of As(1ll )

7%, Z2J7 GO By HHLENE LA R A2 b oy 2
JEIACIENE RS A S IR B 210, Py P \nFe BT ATL
AR T I L5 A B REAT S As(ID) K A28
S5 L FRI IR R o

OAORPPRIRIT As J&, As(V )&/ As(1),
ANTRIEA KA A 2 T B RE PAT A5 AN 2 i ke A I i 7R
(G NER= ik e i por S T S (B

S 3k

[1] Islam A, Maity J, Bundschuh J, et al. Arsenic mineral dissolution and
possible mobilization in mineral -microbe—groundwater environment|[J].
J Hazard Mater, 2013, 262 :989-996.

[2] Hott R, Andrade T, Santos M, et al. Adsorption of arsenic from water and
its recovery as a highly active photocatalyst[J]. Environ Sci Pollut Res
Int, 2016, 23(21):21969-21979.

[3)ARERs, ¥ 5, B A, 55 HERR K pH XA -k A A A2
FRPRHIIE As D) BISENDLIILT. AL FREERF 2440, 2017, 36(2)
387-393.
LIN Li—na, HUANG Qing, LIAN Fei, et al. Effect of humic acid and pH
on the adsorption of arsenic( Il ) on biochar—ferro manganese oxide
composite material[]]. Journal of Agro—Environment Science, 2017, 36
(2):387-393.

[4] Onnby L, Svensson C, Mbundi L, et al. Gamma—-Al,0;-based nanocom—

posite adsorbents for arsenic( V') removal ; Assessing performance, toxi—
city and particle leakage[J]. Sci Total Environ, 2014, 473/474.207-
214.

[51E il A B R B T M POR R L BRoK p i i 52 (D] TN - R
TR, 2014
WANG Can. Removal of As( Il ) and As( V) from aqueous solutions
using nanoscale zero valent iron-reduced graphite oxide modified com—
posites[D]. Guangzhou; South China University of Technology, 2014.

(61X ), B, W 3, 5. WL SR R R B T (V) F4R)
R PEBERFFE)]. PR5% T/, 2015, 33(S1):165-169.

LIU Chuang, HUANG Li—-qun, XIE Yi, et al. Adsorptive behaviors of
magnetic graphene oxide nanocomposite towards arsenic( V) and cad-
mium[J]. Environmental Engineering, 2015, 33(S1).165-169.

[T 35, PR, 25, 55 R/ IK R XS YL LU h B S AR
B SE I FE ). ROl PR EERL 2=, 2014, 33(8):1511-1518.
HE Jing, YIN Guang—cai, LI Lian—fang, et al. Effects of bone char and
nano—iron on fractions and availability of arsenic in contaminated red
soils[J]. Journal of Agro—Environment Science, 2014, 33(8):1511-
1518.

[8] JAURAR, 2 HRAE. TGP A R TR R S5 MR A 50 By 1 5 B X T g 2

BRI PREERFS: 54, 2012, 37(10) : 106-108.
ZHOU Juan—juan, LI Zhan—jun. Preparation of activated carbon/nano
zero—valent iron hybrid absorbents and its application in as removallJ].
Environmental Science and Management, 2012,37(10):106-108.

[9] Chai D L, Chu Z B, Yang B ], et al. Adsorption of arsenic from aqueous



B ARG BOEDE AsCI) BB

2331

solution with nano - particles of magnetite black[J]. Journal of the
Chinese Ceramic Society, 2011,39(3):419-423.

[10] Pardo T, Martinez—Fernandez D, Fuente C, et al. Maghemite nanoparti—
cles and ferrous sulfate for the stimulation of iron plaque formation and
arsenic immobilization in Phragmites ausiralis[]]. Environ Pollut, 2016,
219:296-304.

[11] Beduk F. Superparamagnetic nanomaterial Fe;0,~TiO, for the removal
of As( V) and As( Il ) from aqueous solutions[J]. Environ Technol,
2016, 37(14):1790-1801.

(2] BRI, % 22 AR IR ARG LS G AR Tk il (V) i
FiF[I]. A wh5T S50, 2011, 23(11) :1514-15109.

HOU Hui—juan, WU Lan. Iron oxide/hydroxyapatite composite for ad—
sorption of arsenic ( V) in aqueous system[]]. Chemical Research and
Application, 2011,23(11):1514-1519.

[13] A5 1H, 5%, 308, 5. I EPR S RIS
FAL). TR, 2013, 28(1):58-62.

ZHAI Qian—qian, ZHAO Shi—gui, WANG Xiao—hai, et al. Synthesis
and characterization of bionic nano—silicon—substituted hydroxyapatite
[J]. Journal of Inorganic Materials, 2013, 28(1):58-62.

14 RIEF, S, TR, 55 FRRERE IR A7 %0 4 8 AN 21384 0% B Y
SEMA]. AR 4R, 2011, 20(1) : 164-168.

SONG Zheng—-guo, TANG Shi-rong, DING Yong—zhen, et al. Effect of
hydroxyapatite on copper sorption in brown earth and red soil[J]. Ecol—
ogy and Environmental Sciences, 2011, 20(1):164-168.

(5104 38,3 52,8 0, 45 QORGSR BB L e ) /K
ROERSHIBFELI]. SRBERL2A4H, 2015, 35(3):855-861.

ZHOU Shuang, PENG Liang, LEI Ming, et al. Control of as soil-to—rice
transfer (Oryza sativa L.) with nano—manganese dioxide[J]. Acta Sci—
entiae Circumstantiae, 2015, 35(3):855-861.

[16] Takkel, ®—M, B 3E, 5. AW -5 ALY 525 BRI F
CID) B PERERFSELT]. AN FRETR 22441, 2015, 34(1): 155-161.

YU Zhi-hong, HUANG Yi-fan, LIAN Fei, et al. Adsorption of arsenic
(III') on biochar—manganese oxide composites[J]. Journal of A gro—En—
vironment Science, 2015, 34(1):155-161.

[17] RA0HK, B B, 530 TSR 77 FesO4-ZrO(OH ), B AL

et 7K o R B W B RELT]. PR 5T T RR2E4H], 2013, 7(1):201-
206.
WU Shao-lin, MA Ming, HU Wen-tao. Fluoride ions and As( Ill/V )
removal from aqueous solutions using zirconium oxyhydrate embedded
Fe;0, nanoparticle[J]. Chinese Journal of Environmental Engineering,
2013,7(1):201-206.

[18] Cantu J, Gonzalez L, Goodship J, et al. Removal of arsenic from water
using synthetic Fe;Sg nanoparticles[J]. Chem Eng J, 2016, 290428
437.

[1O1BREIIR, B8 77, XUHSF, 55, A=W A AL W) S5 R 26 K
ZBRAR ey CID) P RERIFFE L] Al B8 955 R e 22 3k, 2017, 34
(2).:182-188.

LIN Li-na, HUANG Qing, LIU Zhong—qi, et al. Preparation of biochar—
ferro manganese oxide composite material and properties of removal of
arsenic( Il ) from aqueous solution[J]. Journal of A gricultural Resources

and Environment, 2017,34(2).182-188.

[20] X3, XS5 2. 00 3 Bk il S A 0 % P e B T R 6 ) P RE I 50
[T MR Tolk R2E224R, 2010, 42(8) - 1317-1322.

LIU Zhen—zhong, DENG Hui—ping. Arsenate removal performance on
GAC impregnated with Fe—Mn oxide[J]. Journal of Harbin Institute of
Technology, 2010, 42(8 ) :1317-1322.

[21] Zhou Q X, Zheng Z W, Xiao J P, et al. Sensitive determination of As( Il )
and As( V) bymagneticsolid phase extraction with Fe@polyethyleneimine
in combination with hydride generation atomic fluorescence spectrome—
try[J]. Talanta, 2016, 156/157 : 196-203.

[22] sk 3. FRIREBE IR AT Y £ B HX A ALY W AT A BIBFSE[D]. B
9 PR, 2012,

ZHANG Mei-hua. Study on synthesis of hydroxyapatite and their ad—
sorption of organic matter[D]. Jinan: University of Jinan, 2012.

2315 M. DORTMr SRRk & 18 2 2 Rk R 5 e L (D).
WL WK, 2014
CHEN Xi. Remediation of polvchlorinated biphenvls contaminated soil
by nanoscale zerovalent iron or nZVI-microorganlsm integrated treat—
ment[D]. Zhejiang: University of Zhejiang, 2014.

[24] Zhu Y, Murali S, Cai W, et al. Graphene and graphene oxide: Synthe—
sis, properties, and applications[J]. Adv Mater, 2010, 22(35) :3906—
3924.

[25] A0 . ANIRIZE T2 BB IR A ) 8 B 00 i 4 ) 8 W A T
FIBIFSEID]. B RS « DRI, 2011,

ZHU Ting—ting. Study on synthesis, characterization of different types
of hydroxyapatite and their adsorption of heavy metal ions[D]. Jinan: U-
niversity of Jinan, 2011.

[26] Huang L. H, Kong J J, Wang W L, et al. Study on Fe( Il ) and Mn( II )
modified activated carbons derived from Zizania laiifolia to removal ba—
sic fuchsin[J]. Desalination, 2012, 286 :268-276.

271 F . S A AORMRBE T 8 B HXT T A v 38 il
K PEBE B FTE[D]. AL : Hh ERIEH AR KA, 2014,

WANG Jing. Preparation and evaluation of zirconium-based materials
for fluoride and arsenic removal from water[D]. Hefei : University of
Science and Technology of China, 2014.

[28] Ma Y Q, Qin Y W, Zheng B H, et al. Arsenic release from the abiotic
oxidation of arsenopyrite under the impact of waterborne H;0,: A SEM
and XPS study[J]. Environ Sci Pollut Res, 2016, 23(2):1381-1390.

[29] Fantauzzi M, Licheri C, Atzei D, et al. Arsenopyrite and pyrite bi—
oleaching: Evidence from XPS, XRD and ICP techniques[J]. Anal Bioanal
Chem, 2011, 401(7).2237-2248.

[30] Ju B WE, Lh3Hin, £ #0, 45, FTIR I XPS X 4145 Uk & Cr
CI) 25 BR AL A 335 2 FRAE [J]. i 2 5 0635 40, 2012, 32(2):
324-329.

FAN Chun-hui, MA Hong-rui, HUA Li, et al. FTIR and XPS analysis
of characteristics of synthesized zeolite and removal mechanisms for Cr
(1D)[J]. Spectroscopy and Spectral Analysis, 2012, 32(2 ) :324-329.

[31] Saha S, Sarkar P. Differential pulse anodic stripping voltammetry for
detection of As( Ill ) by Chitosan—Fe( OH ); modified glassy carbon
electrode ;: A new approach towards speciation of arsenic[]J]. Talanta,

2016, 158.235-245.



