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Abstract ; Amidoxime-functio ed "SiO, /polyvinyl alcohol (SiO,/PVA) nanofiber a ? was prepared by
electrospinning technique %

E051‘[6 Si0, /PV A nanofibers was analyzed by SEM , DSC and TGA. The

nanofiber adsorbent was al evaluated for mental ions adsorption capacity. The re s indicate that the highest ad-

sorption occurs at pH=6 and the adsorption capacity can be 143.7 mg/g a ol mg/g for Cu®™ and Ni*7, re-
spectively. The composite SiQ,/PVA nanofibers can remove almost 9 %}aementloned ions from aqueous solu-
tions within 50 min. The kinetic data were analyzed by the pseu der and pseudo-second-order kinetic mod-
and the adsorption isotherm data fit well the
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effective in regenerating the adsorbent and 53 % of

Langmuir isothermal model. Furthermore, HNO; is found 10

)
the metal ions are removal from the aqueous even in h regeneration/reuse cycle, which imply that the nano-
fibers can be suitable for water treatment as adso
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0 4 R B TR B R 4T S R . B p

%m,$QNWAﬁﬁﬁNwamM”%wwﬁ
BORW SR, IF HAE pH=16 Z& 47 W B it ik 2 4
. 43910 143. 7 mg/g Ml 125. 1 mg/g.

MR pH (H N 2~4 Z IR, &AL 4R
FEERBWIERW, BT H 5888 72 RA%E
oA W B AE . i OHT X 4 8 B B HE R AR
M, #E pH /NF 5 B IREE R AS B F B . Bl G
pH E TR . SIO, /PVA 274 i i H ™ He B
A HESR B s . WY 4 R R 4 3
s AEWE B S B e KA S . #E— 2B R pH {E &
TR B AU D . X RT RE R B IR R T AR

U3 . BN 52 10 1

AT ARG SOk 27 45 R — B0, ARSI e
pH=6 £ S50 51
2.5.2 SiO,/PVAEATUENELEE TR
B #

Pl 6 Ay WA 3 560 vl R R s T ) 25 Ak ket 42 2 1
W B B S AT AR B, W R4 R BT A R R
Z97E 240 min 5B FHF, K 240 min /E LR
F18 e W A s ]

W it FR R A2 (DT 60 min, W
Ay, W BRI AR A b, R P T A A 1 Y
MR AGE A BRI E G E S &8 B 455, ik



TR, 5. AR SiO./PVA & A 45 4t (14 il £ K 5 4 8 2 7 W B e . 2275 .
100 160
a—PVA I
b— PVA+TEOS (2.5%) . l40F
30 F ¢ —PVA+TEOS (5%) oo I
d— PVA+TEOS (7.5%) o 1201
© e —PVA+TEOS (10%) g I
2 60t S 100
Q -
£ 5
g 401 & 60F
> 2 b
2 40 - 2+
20 <§ A 1(\311';
@1 20t o
N
L 1 " 1 " 1 L 1 g 1 L 1 " 1 L 0 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800§ 2 3 4 5 6 7
Temperature/'C Y) pH
O O
&l 3 TEOS 5 PVA AR L i 44 K Si()g B 5 KEB pH EXT SiOs/PVA £ 4 50 il 4 )8 51
UL TG 53 ik th 26 @ W% B 8 114 5%
Fig.3 TG curves of SiO;/PVA na er with Fig. 5 Effect of pH value of aqueous solution on the
different TE()S/R roatios adsorption of%@\/A to Cu?t and Ni2*
7 b 160
a—PVA 140
b— PVA+TEOS (2.5%) fon
¢ —PVA+TEOS (5%) ® 120
d— PVA+TEOS (7.5%) € g
e —PVA+TEOS (10%) 4 < 100
= =
S 2
= \_’% @ =
2 l J @o 5 o
b ﬂb & 40 —=—
2 —o— Ni¥'
> <
———//\a/ A
1 I 0 50 100 150 200 250
100 150 200 250 tim
Temperature/'C N ) \/B )
L% &6 42 fil B[] % Si A A R M 4 e R
4 nmssmmmmmmm§%$MAWAﬁﬁ@Dxm% {1 3
Fig. 4 DSC curves of SiO;/PVA nanofiber with @ime on adsorption of SiO;/PVA to

different TEOS/PVA wight ratios

O Ay £ 4 R A5 R 1) L 3 T AR B L T 2 1 TR
(2)60~240 min P J&— W B4 222 A ok 72, WG B
SR R R R AR 18 O HLZ A B P

WM—H A MR .
In(Q.—Q)=1InQ. — K¢ %§§
t/Q=1/K.Q.°+1/Q. (5
Horp, Q F Q. 433 R AE ¢ BB W B 8 7 A0 A S
B A IR BR B T 5 K 2 00— W B R G K, 2
LG R B RPONA SRR KT N
SiO, /PVA G & £F Ae W M 5 J1 2% . FH R 1% T B 2 %k
WA IFEAER 1o,

M 7 Fi 1 el LUE B G 2F 4 B 9 Fh
4 JE BT R A L B R A A O R B RT R T
— SRR (A 5 BB R, R 4 X TR 4 JE S T

Fig.6 E
\:’i@ Cu?* and Niz*
%%%é%%m:&%%ﬁﬂoﬁmﬁﬁﬁﬁﬁg
oE“Wﬁﬁ%ﬁSi%Wiﬁﬁﬁ%ﬁ,ﬁéﬁ
S Si0, /PVA LT 4t X 4 & B 7 19 W Bt A7 0 7
B AR,
2.5.3  FIRBM &
RSB 53 ] Langmuir A1 Freundlich i 2%
XF S0, /PVA £ 4k 5% i) W B i R g 47 R AE. HAR
AT
C./Q.=C./Q.+1/bQ. (6)
InQ.=1nK;+ (1/2)InC. D)
Horr, Qo AR W BiE 1 1 s 09 F R W B 4 C ARR
S A7 B R A S MR B Q. AR R R B SR Y
R W 5 6 Langmuir WRHH & Ko fln R
Freundlich # & .



. 2276 - EEMHER

2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0‘50 50 100 150 200 250 0 50 100 150 200 250

®)

In(0,-0)
10,

t/min t/min

O
B 7 SiO./PVA E AL @‘ NI A T — ORI T B Bl ) A
Fig. 7 Pseudo-first order (a) and pieuf@md order(b) kinetic models for the adsorption of SiO;/PVA composite nanofiber

on Cu?" and Ni*" ions

(o]
*x1 VA FHBERM Co®™ 1 NETEEE ﬁ?ﬂ]ﬁ?—?&@ﬁﬁ
Table 1 i arameters for SiO,/PVA composite nanofibers ad&q@%n Cu*t and N#** ions
. Pseudo-first order model @Mseudofsecond order model

Metal ions mgeg 1) ) —

Q./(mgrg D K, Rio N Q/(mgeg K, R?
Cu?* Q Jo° 143.7 69. 447 0.0181 \8601 143. 68 0.000896 0. 9987
Ni?* oA 125.1 63. 624 0.0135 (\$ 017 129.19 0. 000484 0.9983

NP
%2 SiO,/PVA QH’EHQH&MTQE@@” MNP EREMEEEEY
Table 2 Langmuir and Freundlich parameters fd@?b nd Ni’* ions adsorption on SiO,/PVA composite na(l@/)@s
angmw@ls Freundlich coefficients (\(\%o

Metal ions  pH Qn/(mgeg 1) Qm/(ﬁ%%\} b/ (Lemg ) R? Ki/(Lemg D n(ox\/ R?

Cu?’ 6 143.7 145) \X 0.10130 0.992 72.813 88 0.814

Nzt 6 125. 1 12 0.07756 0. 997 64. 845 (’\os 5440 0.915
8 % SiO, /PVA A4 Cu?” Ml NiZ" B F  Langmuir ﬁ%ﬂy@ B T 2 i S 4

Wt SRR Lk, i E 8 WA SR A R, N J& BT 1) =3 PR B O /AN W = N

K2PUR, WAL WA REAGE ] TR R S A e 4R Xi@ ﬂ Ni* ™ /Y e K W B A 2y 5l
Xt JE B T I W RN R . L B AG A SE R B 0. 992 145. g Ml 129.1 mg/g, *f L 520 0 B & ]

F10.997, AWK T F ABIE 0.814 F1 0.915, JH ﬁx A5 HESEET. 5Ok [28] i iE /Y
22 5.00

I (a) Langmuir t (b) Freundlich
20+ 495+
181 -
©T m Cu** 490+ ® Ni2*
L o Niz*
1.6 485
o l4r 480
S 12} S
= 475F
1.0}
08l 470
0.6 | 4.65-
04| 4601 4
02 L 1 L 1 L 1 " 1 L 4 55 L r L 1 L 1 L 1 L 1 L
0 50 100 150 200 250 300 3.0 3.5 4.0 45 5.0 5.5 6.0
C, InC,

B8 SiO./PVA LT Cu?™ Fl Ni2 T 5 Wk B % 45 i i £

Fig. 8 Langmuir isotherm(a) and Freundlich isotherm models(b) of SiO,/PVA nanofibers adsorption on Cu?" and Ni*" ions



TS, 5 BUESIK SIO. /PVA B4 21 2k i il 2 S o 42 Jm w3 1 W B 1k g

. 2277 -

131. 41 mg/g W B it A L . WEBRPROCR B 47,
HT Cu* M AMERT N R Ak, B
B B A AR AR, Cu® " B9/ T NitT 42,
AT R] D55 8 22 (18 W2 B i 42 ok O L5 1 i iy 66 A 45
Gro DRI H 7 5 K 1) 128 B 5 ) e O I 380 g B 51
K .
2.6 Si0,/PVA £ & £ 4 BE 15 5 1 TR Bt 1 A
T W R 390 4 et P S R e, R R A AR R
B L, 30 I B/ A R B S 3 ok 7 4% 2 Ak R
PAFIHZCE . B9 R SiO, /PVA & & 474

X~/
=;_-.;;- i

WY 2% 0 T LA i
ﬂl‘cﬁﬁ%{ﬁ%o

100

>

Removal percentage/%

1 2 3 4
Regeneration c\y)cls

K9 SiO./PVA ZF 4 %t Cuz%”%‘?ﬂﬁ%ﬁ”&ﬁﬁﬁﬁﬁ

Fig. 9 Recyclable adsorption properties of SiO,/PVA nanofibers

on Cu®" and Ni*"

3 4 g
(1) 38 3 7Kk Pk A& e 25 22 2 ) 48 9 oK

800 nm, 5 PVA M, HAHE I MPHERE.

2) BESEE FEREY, SIO,/PVA &
G YA pH O 6 B B i KO i I B A, X
Cu®™ R Ni*" 9 W B & 43 5] O 143.7 mg/g M
125. 1 mg/g, A B BT A] 2424 240 min,

(3) Bl 12450 B S 8 £ 4 Ji B0 W BFEAT M 45 40
TR I AL T R W] S10, /PVA 21 4
JIE B4 W BRE 45 A Langmuir A58, 0% B @ T 8.4y 7 )2
F18y W

(4) FRASC8 WoR, k4 YRR/ A 0 BTG 3F

\O

LHE . SIO, /PVA 27 4 I 0 B 2805 A7) BE ik 5
500 LA by TR T A A oF 4 B HA L 19 1 3 A
.

S Z k-

[1] MAHAPATRA A, MISHRA B G, HOTA G. Electrospun
Fe;03-Al; O3 nanocomposite fibers as efficient adsorbent for

O@ nal of Hazardous Materials, 2013, 258-259(6): 116-123.

[2] RAVAL NP, SHAHP U, SHAH N K. Adsorptive removal

emoval of heavy metal ions from aqueous solution[J]. Jour-

of nickel II; Tons from aqueous environment: A review[]].
Journal of Environment Management, 2016(179): 1-20.
SRR, A, R, S W B Ak B E 4 R K i B 5
JELI]. AL THEE, 2013(11) . 2749-2756.
ZHANG Fan, LI Jing, TAN Jianhua, et al. Advance of the
treatment of heav
Chemical Ind@ogﬁ
2749*2756
YANG H R, XUE X. et al. Hybrid surfactant-templat-
e@porous silica formed in ethanol and its application for
vy metal removal[ J]. Journal of Hazardous Materials.,
@ 2008, 152(2): 690-698.
R, B, R, F EHROTAOR T T E S
JREF WM R BE R LT]. MR SR @@28(9):
o

139-143.
YAN Chengcheng, JIA Yongtang, ianhua, et al.

[3]

wastewater by adsorption [ ] ].

Engineering Progress, 2013 (11).

[4]

Research development of electromg nanofiber mat for
heavy metal ions adsorptioaterials Review, 2014, 28
(9): 139-143 (in Chin

[6] HAKAMI O,

, BANKS C J, et al. Thiol-func-
tionalised s silica-coated magnetite nanopaiticles for
femoval and recovery of Hg from water[ ]].

high &fic
§W§ gearh, 2012, 46(12): 3913-3922.
0

L 7% . JIH, TENG Y. et al. Engineering and optimization
o%

[e) spinning techniques for sorption of heavy metal ions[]].

nano-and mesoporous silica fibers using sol-gel and electro-

Journal of Colloid and Interface Science, 2011 (358):
547-553.

L8] J™ik, JWiEMN, £if, & Al BH-RERERZEHH
BE L X CACID i R BRABCR ], E & ## 4, 2016,
33(3): 613-617.

YAN Lu, FANG Weibing, WANG Qian, et al. Synthesis of
graphite oxide-polymeric aluminum hydroxyl composites and
their removal effects for CdCII)[J]. Acta Materiae Composi-
tae Sinica, 2016, 33(3): 613-617 (in Chinese).

ZA M, VKV, T HBGZEARN S USSR EGYIIK
LG MBI BT RII] w0 T2 4M, 2012(8):
801-811.

L9]

MIAO Yuee, LIU Tianxi. Recent progress in hierarchically



. 2278 -

EEMHER

[10]

[11]

(12]

[13]

(14]

[15]

[16]

[19]

based on electrospun

801-811 (in

organized polymer nanocomposites
nanofibers[J]. Acta Polymerica Sinica, 2012(8) :
Chinese).

LIJ, ZHANG S W, CHEN C C, et al. Removal of Cu (1D
and fulvic acid by graphene oxide nanosheets decorated with
Fes; O, nanoparticles[J]. Acs Applied Materials & Interfaces,
2012, 4(9): 4991-5000.

L1J, CHEN C C, ZHANG S W, et al. Surface functional
groups and defects on carbon nanotubes affects adsorption-de-

sorption hysteresis of metal cations and oxoanions in wate

[J]. Environmental Science-Nano, 2014, 5(5): 488-495.

ERHR, B, BEFHH, F. PA6@LDH 49 K £ 4i i |

BB Cr <H)'f$ﬁ'éﬂ‘]ﬁﬁ9”§[ﬂ. Fi Ay T i 9(7)
Preparatlon of

778-785.

WANG Jiaona, HE Huan, LI Xiuya

PA6@ LDH nanofibrous memb hlgh CrC1Il)-re-
moval perpormance[ J]. A erica Sinica. 2015(7):

778-785 (in Chinese
CHEN CC, WA

.“Adsorption of Ni(ID from aqueous
solution using axidiged multiwall carbon nanotubes[]]. In-

ineering Chemistry Research, 2006, 45(26):

, L8, THS, % B ZMEAEXAL A0
YIS WM RE T i sE L) ], A M RE AR, 2014,
(3): 845-850.

CHEN Huajun, WANG Rui, DING Wuxiu, @ of
topogra-

ers[J]. Acta
27845-850 (in Chi-

polymerization degree of polyethylene glycol
phy and adsorbability of mesoporous T}-é
Materiae Compositae Sinica, 201

nese).

WA P, IR %.@ﬁ%%*ﬁ/%a&%@%*ﬁ
HERERT Cu? ™ | Ni2t B Cd* T AW B R[], SREERL 24 2 4R
2015, 35(1): 184-193.

ZHANG Huimin, RUAN Xian, HU Yongyou, et al. Ad-
sorptive characteristics of Cu?™, Ni?T and Cd?" on chitosan/
poly(vinyl alcohol) nanofiber[J]. Acta Scientiae Circumstan-
tiae, 2015, 35(1): 184-193 (in Chinese).

ISLAM M S, RAHAMAN M S, YEUM J H. Elec
novel super-absorbent based on polysaccharide- polyvm
hol-montmorillonite clay nanocomposites[ ] ]. Carbohydrate
Polymers, 2015, 115: 69-77.

HROVUPE . EARIE , $RIE . AF. WRHDTZEAR S & Ti0,/Si0,
EEH R SR ]. EA/MBER . 2008, 25(3):
138-143.

o

S

ZHANG Shuanghu, DONG Xiangting, XU Shuzhi, et al.
Preparation and characterization of TiO;/SiO, composite hol-
low nanofibers via an electrosinning technique[ J]. Acta Mate-
riae Compisitae Sinica, 2008, 25(3): 138-143 (in Chinese).
[20] BH5F, FFRb, B, . Y520 & 90K 2 4 %
[J]. MkAR2E S TR, 2012, 30(2): 321-323.
MA Guiping, FANG Dawei, NIE Jun, et al. Electropianning
nanofibers and their aoolication[ J]. Journal of Materials Sci-
321-323 (in Chinese).
MERCANTE L A, PAVINATTO A, IWAKI L E, et al.

ence & Engieering, 2012, 30(2):

Electrospun polyamide 6/poly (allylamine hydrochloride )
nanofibers functionalized with carbon nanotubes for electro-
chemical detection of dopamine[J]. Acs Applied Materials &
Interfaces, 2015, 7(8) . 4784-4790.

[22] skBeil. EEW. ARBER 43/ 90 K 5200 & 526 B OREXT B2 K
T CuCID) AR B i (T ). B & MR AR, 2015, 32(2):
385-394. @

ZHANG %NG Ximing. Adsorption and desorp-

wastewater by lignocellulose/nano-montmo-

tion of Cu

mposites [ ] ]. Acta Materiae Compositae Sinica,
@ 92(2) 385-394 (in Chinese).
Y Y, JIEW, WANG M Z, et al.

@ amdioxime-functionalized mesoporous silica microsphere and

Fabrication of fibrous

ous solu-

66-73.

its selectively adsorption property for Pb?" in a

tion[J]. Journal of Hazardous Materials, 201 9R):

[24] KOSKI A, YIM K, SHIVKUMARGS. of molecular
weight on fibrous PVA produced b ospinning[]]. Ma-
terials Letters, 2004, 58(3-4), @4 7

[25] PIRZADA T, ARVIDSOMS gAQUING CD, etal. Hy-
brid silica-PVA na ia sol-gel electrospinning [ ] ].
Langmuir, 2012 3): 5834-5844.

[26] WANG H) NG P, MA X, et al. Preparation, charac-
terizat ectrospun meso-hydroxylapatite nanofibers and

i @btions on Co(ID[J]. Journal of Hazardous Materi-
% 2014, 265(2); 158-165.

(g JU SRIVASTAVA V C, MALL I D, MISHRA I M. Removal of

o cadmium (II) and zinc (II) metal ions from binary aqueous
solution by rice husk ash[J]. Colloids & Surfaces A: Physi-
cochemical & Engineering Aspects, 2008, 312 (2-3):
172-184.

[28] ZHAO R, LI X, SUN B, et al. Preparation of phosphoryla-

ted polyacrylonitrile-based nanofiber mat and its application

for heavy metal ion removal[ J]. Chemical Engineering Jour-

nal, 2015(268): 290-299.



