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Preparation of magnetic mesoporous nanocomposite and its adsorption and

recovery performance of Fe’* in wastewater
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2. Jiangsu Ningda Environmental Protection Co. ,Lid. ,Yangzhou 225231 ,China ;3. National Special Superfine Powder
Engineering Research Center ,Nanjing University of Science and Technology , Nanjing 210094, China )
Abstract ; In order to effectively remove Fe’* from wastewater , the Fe,0, magnetic fluid was prepared by
co—precipitation method. The reduced graphene oxide (RGO) was prepared with hydrazine hydrate as
reducing agent. Fe,0,@ mSiO,-RGO magnetic mesoporous nanocomposite was synthesized by improved
Stober method. The structure of Fe, O, @ mSiO, —RGO was characterized by FT-IR, XRD, BET and
magnetic response method. The effects of adsorption time, initial concentration and adsorbent dosage on
Fe™ adsorption were investigated. The results show that when the oscillating reaction time is 40 min , the
adsorbent dosage is 24 mg, and the solution concentration is 0.04 mg + L™, the adsorption rate reach the
highest value of 61.8%. Fe,0,@ mSiO,-RGO has ideal adsorption—desorption performance of Fe’*. The

adsorption process conforms to the quasi—second—order kinetic model , and includes both physical ad-
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sorption and chemical adsorption.

Key Words; Heavy metal pollution ; Magnetic mesoporous nanocomposites ; Characterization ; Adsorption

and recover

0 35

KA AW R AT E, BT
PO 3T AR Tl AR F SR 5% 5 A8 AR i A, R
AR B TR B A U R AK IR
TGYKAARN L e R, Bl Tl R K B HE
B, Fe™ HE AT A A 4, R R )
BE, BN SBIRREM, AR, BN E Y RN
FFAEAR K — BRI AT AR 2R LRl ad b
RAHEANK s iR S SRR =
T e T N AR SR 1 ] B Jir A gl s 20 1 7K 0 B
IR B i —Fh BB e K A A TR
R RO e B A Wi R 5 A O E

CERD YT SR (A2 N S uR) R e LB L)
IRE TR S WSL 3 =0 NS A TR 0h S A AEEa
AL e gk R LA R A A A B sk
AT AR B A5 A AT B4 D0 A5 DT 8 5 37 Xk
k2 —, 45 Rl B R e e BT RN
hREAZE 1 T N TR TR 258k, (H
FEMNEAE W B A5 32 B 5 1 i R3S
SR R PR T HSEBRI A8 K bR i) T R
AR T X S

WiV Fe, O, 40Kk 77 iy bE 26 1 1o FLK, T
P 4 A 2 o K, B8R e, T HLBLAG AT [l A
R TG RIS LS5 s R KA v i 4 T R £
BRI SR RETE Fe, O, 40KKLF 1 T
Hom A 6 PR 2 2 e s A Ak TR T 8 2 3
WEVERE , IR Fe, O, Bk e 1 178 2015
i Ihaefk, AL E AR T A R
Ik R s PE RN SE K PE , E 12 FAAE Fe, 0,40
OB R M R, R R E A R
(RGO) P72 e —Fh ik e At 5 A8 e A1 RE, A
LA A A B 2 i BN 2 o = AR RE AT, i L
15 4 IR ALY SR A b, AT AR {3t
BER R LR TR, BEA 854 BB 5 AR, Bl 1k
B, BT, ACA T AL AR R R AR
ABIGE Fe, 0, A A HRE F H B T 7K i
Fe™ (W T 5% . 2R A FT-IR \XRD | BET %
X R B S50 2E A 7 R A, 308 2k oA A W B A% 1A 5 I
FIXT Fe® BT AW FHAERE

i3

1 SEIGERSH

1.1 SR F

LAKE BRI £k (FeSO, - TH,0) , ANKE =
FAALER (FeCly - 6H,0) , 75 bedk = H LR AL %
(CTAB) , E4bA B4 (GO) |, T b AW R 4
(SDBS) ,IECHE(CH,,) , IEFERRPY Z & (TEOS) ,
AR (0A) , Z [ (EG) , DU H BB AN (TMB) |
DLl o i ati,

1.2 SEIG{YER

Fa 210G T B R A% (JI -1 N T VLR S
IR TEIR K 4% (HH =1 8 PN 17 VTR S2 860 %
#)  A ne L R S EAL (XM -3200UVF K
CHEEAERRE AR AA)  HFRF(CP153 B
ST M A BR A R ) | o BV R XU T R A
(DHG-9036A I ifHG 2 L s AR A A ) , <
T IH I 52 1% e (SH2 - 82A B M T VTR S 561X 2%
J7) AR UL A6 BE T (UVIS00PC I ifg 75 4E
BHESABR A ) | 5285 % 46K R 56 ( Basic—Q15
-IT LB A RAFA) .

1.3 Fe,0,@mSi0,-RGO Bl &
1.3.1 Fe,O, B AAR8 H] &

FRE 8.403 g FeSO, - 7TH,0 £l 12.254 g FeCl, -
6H,0 M T 50 mL ZE18K P, BHAWH &
SHRACR, BEFE N E 70 C, A 15 mL &
7K, BN 30 min JEHIA 2.501 g IHIRRFEE LW 1 h,
FHEZE 85 C W 20 min, HIFRB LB EE
I, BB KRG IE K Fe,0,-0A, FREU1.25 ¢
Fe,0,-0A fiIl A 50 mL 1E C % B A] JE WY Fe, O,
TR
1.3.2 RGO ##%

PRI 140 mg GO 5 144 mg SDBS #H R T
140 mL Bk, HIKMA 0.5 mL 80% (it
L) Bk B, VS VR 0 Fh A (828 Ry 5 BB A0 S
Z =HFERPOR A, 76 80 C /KB 41F Tk 24
h ROV ZE B, 38 3ok 4l 8 OB 3 R AR AL A SR 0
AV AR 585 B Ve B AT 4% RGO,
1.3.3 Fe,0,@ mSiO,-RGO # %] &

¥ 0.74 mL Fe, O, REFAR (FTEEEE 2.5%)
A 10 mL &4 0.15 g CTAB /KR T, AT



o RE NI RIS MAH R & B AT K Fe™ 4 I DI RE AT R - 53 -

FF: 30 min J5 % 2 =R BN AREFEE 70 <C
S 15 min, [FIAHECE & 30 mL %%%7k, 10
mL EG VAKX 0.7 mL Z/KIBA AR, RN 4R IG
IMAZIR B HSWOITARELHHE 10 min, $2E A 0.2
g TMB %K 0 2 h, A 400 wL TEOS Flif &=
RGO KW 3 h, JOWZSHERH 2SR, IRk
BIPH LB Fok R Bk, B AT 15 3] Fe, 0, @

mSi0,-RGO,
1.4 Fe,0,@mSi0,-RGO #HMKE S EH
RAE

(1) £LAMrHr

AL S LA ETE AL (FT-1R) 734 Fe, O,
@ mSi0,-RGO A FLAN K & A ki F 1) 3 1 45
P KA A 7 S R4 DR TR S, SR AT KBr
kIR ISR Dy 4 000~500 em™

(2) A2 b

K H D8 Advance 51t X B 2 4 K A7 856
BEAY (XRD) %t Fe,0,@ mSi0,-RGO A4k Hi 14T
PRI S 255 ] 23 AT R 0 A 25 48 43 AT, 393 4 v 1R
20°~80°,

(3) & H zh Z ufi e 3% 1w AL B 43 A 4
(BET)

K BET X4 b 1) b e B ALAR A A b4 7
G338 2 U B I B it e 0 b R L2
P LA LAY

(4) i RE S BT

T SRR AR R Fe, O, BEFAARTR R, WLZE W Ff
HIJG A S0 T F AT S0 25 R AT
1.5 WRBHsEIs
1.5.1 R R R M A1)

S3 A 25 mL YREEN 0.04 mg « L7 Fe™*
WIRCE TR I A 24 mg Fe,0,@ mSiO, -
RGO #EPEAN KB RL . B 3R A A T i Bk
Yt RN AS [ sF [0 5 8 s M i gk bl il L5
LU WL JZ I, AR R 52 A0 50 O BT I
WL IFARYE A X DL R ArifE i 2 R (v = 1.367 5«
+0.055,R*=0.999 2) 15 W& B2 55 W B3k %

(Cy=CHV
- m
o, Q——35 3 0% B 7 8 J5 09 W B 2 i, mg
*8
Co—Fe MR IRVRSE ,mg - L7
C,—— ik 5] W B - i B 1) Fe™ ¥k B, mg
N

b

V—TFe TR AT, L
m—— BRI BT g
1.5.2 KRB KRE

B vk B AN R 1Y) Fe™ VW, 49 ) J B 25 mL
TARFE I INA 24 mg Fe,0,@ mSi0O,-RGO, ¥
TRFERRAICA S TR R IR ¥ 25 v By — B it ] =
R 3 0 58 B2 & A REXT Fe™ f1R) Wik it et 5 5
1.5.3 FREIRMW A& A&

S FRBUR A B Y Fe, 0, @ mSi0, -RGO
PEYRRE T8 TR IE N 0.04 mg + LAY Fe' IF ]
o S 25 mL TR ORI A R
e IR IIR 7 A P SR — B ) TR RE il i
BMREXT Fe® i B i 5 W Bk %

2 HREITE

2.1 RIEERSH
2.1.1 b HHr

WL IR200 FUE 7 LT AREIHEL (FT-1R) 43
Hr Fe,0,@ mSi0,-RGO ®EEA LA K A K 1Y
FWLER, WA 1 Fras, 573 em™ A iYW i i
Fe,0,1) Fe—O {454k 805 ;3 400 em™ &b Ay H B
M 0% R —OH M R i R 15 1 070 em™ 5
795 em™ b AU TR WL Ry Si—0—Si 5 Si—0 Y4
TR IR S I AFAE I 7R mSi0, B 28 T &1

T Fe, 0, 40K k0T,
Fe304@mSiO2-RGO
793573
3400
3
N
B
ES
®
1070

1 1 1 1 | 1
4000 3500 3000 2500 2000 2500 1000 500
e Hr/em™

1 Fe,0,@mSi0,-RGO 4K HI FHIL Sh itk
Fig.1 Infrared spectrum of Fe,0,@mSiO,-RGO
nanoparticles

2.1.2 AL H LI

i D8 Advance B145 ) X I 2 AR AT A
(XRD) %} Fe,0,@ mSi0,-RGO 44K i B 45 ¥y
AT A A RS, W 2 B OR, X AR fE R R



‘54 - g IR W IR R R

F36E5F1H

(JCPDS no. 19 - 629) : 30. 19°, 35.39°  43. 15°
56.87° ,62.58° A AT S I S HEARA™ Fe,0,/9(220) |
(311) .(400) . (511) F1(440) fim—2, £W T H
B Fe, O, MEVEG KA T BIAEFE, TE 20 4 22.
TR — A TRz g, R T Z 591 RGO 1
e, T B mSi0, A E AL B7E %38 & bt
R

© Fe30q4
= RGO
(RGO)

\ = (311)
o

220) |
f
(400)
\\p, X (511) (440)
(=]
"W

10 20 20 50 50 60 70 80
20/(°)
E 2 Fe,0,@mSiO,-RGO X4 F XRD
Fig.2 XRD pattern of Fe,0,@mSiO,—~RGO nanoparticles
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Fig.3 The nitrogen adsorption—desorption isotherms and pore size distribution of Fe;0,@mSiO,—RGO nanoparticles
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Fig.6 The actual treatment effect of the solution before and after the adsorption reaction

W B A(mg - g1

1 1

1 1 1 1
0.10 0.15 020 0.25 0.30
VAR EE/(mg - L7

(a) W5

1
0 0.05

0.35

B R 1%

70

60 -

50+

401

30

20

0.30

1
0 0.05

1 1 1 Il
0.10 015 020 025
VK (mg « L7

(b) W 23

0.35

B7 WMFERRESRMBREAX R

Fig.7 The relationship between the Fe’* concentration and the adsorption effect
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