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BEHE YR ORI AR R e Y B2
AR S FmEA T ZHEYY Bl TR
WORLZE 4% 43 B L 5 A T o AE AR 0K B L R
Rt 44 AN ¥, B 5 8% Ak 55 ] W, 06 250 %
P % TR HE AT O RO A
MAGIERBETHHERE RN HHOE TR
AP AR BCR A Stober & &AL TR A
REEBER U v &N = 2 R & aE b (APTES)
Xt H R E AT SRS RO 5 A T Th AR
W—NH, fff L5 F 7R B, BR8N
KARE AF Culll) WM P A At e 1 BF
R AR Bk SIO, BOHE B9 9 Kk BURL 51 1 M
Fe; O, B, Al i WhAbImmg M o B 2 58 5 43 85 L 4l
R RERFMH. 540 LR ER P ERMA RZ =
Jie CEDA) #4735 56 JR 0 8 R Bk B Ak SR , 7] & AR
HARFRARB W IE 4 FUY W - F B & E
HENEAELEBRE, MEAEASEBEE TN
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Fig.1 Synthesis of esterification and amidation
modified core shell magnetic nanoparticles Fe; O,
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1 SEISE S

L1 RKFSNEE

J7K FeCl, ,FeSO, - 7TH, O, 85 4L,y &R
B2 A HEEE(APTES),, BB Al (MA) &
1b45 .2 B (EDA) . & —f% U 2. B (EDTA), &,
B2 E KRB E(25%), IR ¥ N At 4, U 2
AFERE B (TEOS) Jyfb 2% 4, A8 A ¥ K & 4b 2.

XGRS (XRD) : XD-5A, H 45 &% @/ &)
#7= FT-IR(H KBr E R #): Impact 420 #1, 3
e w® 1A R4 E T (TGA) . Q50 #,
2 E A, H# 8 (SEM) : JSM-5510LV #l, H
A FAET. XL OEHR TR (XPS): £H
PHI-5702/ ESCA/SAM HFRETEAX. & F WOk
H#(AAS): SOLAAR. M6, 2 E A &7,
1.2 BF%
.21 WAL= HHE Fe, O, R A 3L UL
JEE A KR W R B  Fe'™ +2Fet +80H =
Fe,O,+4H,0,% ] Fe™ : Fe?t =2 : 1 fJEE/R 1L
e BERLSBOT . ZEZKRP T, 5 8%
3.88 gi/K FeCl; & 3.34 g FeSO, « TH,OB T
2y 280 mL LB FKF M BEHE L h 5, Bindg
4.32 g NaOH Ky 68 mL /K¥E#, 5% pH H 9,1k
RER T HIREREUE, FASHA 3 h L
RSB MK EBF KRB EHFW NP
.70 CHZ TG Fe, O, kL.
1.2.2 RAEAEIwa L2464 % (Fe,0,@
Si0,—NH,) AERREN B & R Tk
WM Fe,O 9K BT 3. 25 g BFEJF A # T+
150 mL Z BE/ZK (RFILE 4 2 1) WP, @5
30 minfF . A 250 mL = FRE T, 7B SR
BUSERE T, W0 2 mL & K B & 4 80 (25% ~
28%),1 h J5,ZBE M4 4 mLTEOS ) 20 mL
IR FFFHRE 45 CR I 16 h. KRG HE 8
W &8 mL APTES f# 10 mL Z B, K
24 h, 4T 7E60 CTF RN 3 h . RINEHE, 7Y
MR8, BB KRG 60 CHZS TH#.
1.2.3 ABBRTERC S A =46
#HE& TR 2 WA A L = ki
H AT RV K18 . — & Michael i = M, —
ERES TR (EDA) M BE MG fb R Y. B3
A 0 A A W1 0 0 K BBE 5 3 o 9 T TR P TR
25 CF . HEBERP RN 24 h GRS E,
MERE, EE THRETY G, (Fe; O, @ SiO,—
NH,@ MA). ¥ G, 53 EBMW L Z# 25 CTH,
H R A R R R 24 h, B BRI R, 2

BEVES B K, HZS T A ™Y G, (Fe; 0. @Si0,—
NH, @MA—EDA).
1.2.4 Gy & G, 5F Ca®" B BBk g ) & il &
—ERENIAEE R, EAE 250 mL HEM;
J EDTA M8 B %A Ca®t =0.003 9 mol/L.

# G, (50 mg) fin AF] 40 mL 0, 003 9 mol/L
Ca®" W, BE kK /At fE B B, HEH
TAREZWMTEMA 2 mLEEHR1: 1(v:
v) RITYRR IR fb 6F R il Ca® B2 /BT,
BoMS B, BE T KR, AT RE I ER
% 250 mL, HEF Bk #E (SOLAAR. M6) Wl &
Ca?™ & 8.

G HCa" HEEMG, 1 Ca® HES
J7 5 AH .

C,—C,

W b 2 q= ~

Hp, g WM AR (mg/g);C, MEEMPHEEFF
B(mg/L), C, IZEHAMMHFPHEE T FE (mg/
L),V NBEBAEI, m REE & (R HFD RE (9.

i

il
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2 # B
2.1 #K BRI R KB
2.1.1 X & 475 E 2 & Fe,O, #1KHBF
K X STk A A BTl Fe, O, XRD 3 E HF, HBL T
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a
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20/(°)
b
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B2 #MERPF Fe:0,(a) B G (b) By X-HE&iTHEE
Fig. 2 XRD patterns of nano-Fe; O, particles(a)and G; (b)
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AN BT, 23 AR FE 26=130. 3(220),35. 5(311),
42.9(400),53. 3(422),56. 6 (511),62. 2(440) 53¢
R IR, TR FE AT B B AR W AU IR a &
B,G; B XRD FEE b 477 9 058 AR 55 L AR B8, 1
AP FEAED S 42 BB Scherrer Jy 22

_ Ka
D_,Bcos(ﬁ)

HEBRER] Fe, O, BORLHT-HRARL A 17 nm, i K
>4 Scherrer FE(0. 89) ,A Sy X HH£k i £ (0. 154 06),
O F3 AT RLARAG ST A o B AT S I 1 24 Vo 0

2.2 BRHELETEHE Kl 3 & Fe,0, £
BiThee WG mHA MR EE. B & 3a /5
Fe; 0, @ SiO,—NH, WM MWL H ERE, hiE
45 nm, fE7E F B4, Fe, O, @Si0,—NH, @ MA
K Fe,; O, @SiO,—NH; @ MA—EDA # i M IE 51
W R, W AR HI 2y 64 F1 70 nm. EATH AT
Z B4 Fe, O, @SiO, —NH, /). X 7] A
s CATERL T 0 45 0 B I R R R 40 8,
R F A —EREM#A, &R T H
U M F R EBEATY Fe, O, B 1 & &
PP D W TG AR PR B T AR B B R AR
Fe,0,@SiO, —NH, 55, AR EW/D. 7 4h, #
% F Fe, 0. @Si0, —NH, , Fe; O, @SiO, —NH, @
MA } Fe, O, @SiO,—NH, @MA —EDA [ 5k
REHRR M T 19 nm 1 25 nm P8 H B % 4 %
2 B T R

2.1.3 M aetarshiie SR S b 2r Ah R
FEEE (FTIR) X P~ ¥k 17 7 RAL, 85 R WA 4
B v L A A 38 A TP T A R Y IR 589,
632 cm™ ', ‘BT A H B F Fe;O, ¥ Fe—O %
570 cm Ak #4334 BT 7= AR I e AE 6 48 AR Sh g
800 cm ™' W Wit s & Fe, O, F H—OH {1 45 #& 3
W, GLBH DDA BE S R & Fe, O, BRAE 5 Fe, O,
SR H A=A T 1 069 em ™t AL Y TR U4
Si—O—Si 114 4 4i 3 102 e 04 , 3= B 10 46 1k = M
PR RAE R8O ERER,2 930 cn ' I
2 849 em Uiy C—H M ZEE 34,1 625 cm ™!
4% N—H # M0 45 0, NH, 83 i 48 3 &,
3424 cm ™ '4bAH N—H 459 3K ,1 732 cm ™
by C= O By FFAE g, H i Fey, O, @ SiO,—
NH, @ MA 7E 1 732 cm ' 4b ) 18 3% Fe;O, @
SiO,—NH, @ MA—EDA B MR £, X £ #H T
Fe; O.@SiO,—NH, @ MA B fb s C= O #&
XA E RN, X -0 5 CGE SR
I,

n x100k SE{L},LAD)

B 3 Fe;O,@Si0,—NH,(a), Fe; O, @SiO,—NH,
@MA(b) B Fe; O, @Si0,—NH,
@MA—EDA (o &Y BHEE
Fig. 3 The SEM image of several produds Fe; O, @
Si0,—NH,; (&) ,Fe; O, @SiO,—NH, @MA (b)
and Fe; O, @SiO,—NH, @MA—EDA (¢)
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B4 EIMaOIRAEERE
Fig.4 Fe;O,(a),Fe; O, @Si0;—NH; (b),
Fe; O, @Si0,—NH, @ MA (c)and
Fe; O, @Si0,—NH, @ MA—EDA (dHY
FTIR spectra of Fe; O, (a) ,Fe; O, @Si0,—
NH; (b), Fe; O, @SiO,—NH, @MA (¢) and
Fe; O, @Si0,—NH, @ MA—EDA (d)
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2.1.4 #EHH M 5 H1, Br A RE S 3 BE TR
EABMEWEENE. K EENDH =1
4. 25~150 CRIREWIHE FYWHE A S FH®R
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85

80

1 1 1 1
200 400 600 800
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Fig.5 Thermogravimetric analysis curves of Sample
iI H F83 04 (a) ) Fes 04 @SiOz*NHz (b) Fes 04 @SlOz*
NH; @MA (¢) and Fe; Oy @SiO;—NH; @ MA—EDA (d)

;150~800 CH R E B K 5A VYW 7% iR 1
NN AMAKE R HEMARBEECLEDY
AVLRIG N3G K, XKW Fe, O, A&
BB KR ENBERGET SO, KM WA
LY. FBRERREBR K R b, c X dhE
H Fe,0,@Si0,—NH, , 7£ & FE F+ %l 800 Cht, ff
R AR YR H Fe, O, X SO, 774, H1 T e, dF
¥ E b HRIKIKEEAVYRE, B8R EY
PHIK R 25 B 4P (150 CRLT), H Fe, O, @ SiO,—
NH, 7 150 CZE 800 CrAMEEMAQHH
TSR R R B (my) Z EETT IR B VETE %
R B b FEs B, AT AMAE S e fld 7 150 C
% 800 C, Fe,O, @ SiO,—NH, Fr#i %k 0 & &
(Qu) » BT DA S TR 4% 1) 400 T 1 A o B 4 Bk TR AL
B Fe, O, @Si0,—NH, T 2k i) i & , Al 195 2R
BNAEIYNRESE O, HEARXIT .

Org%ZO,,—min X

ER 1, Org %R Fe, O, @Si0,—NH, #MIE K
AL TR 4G Q, AR TE 150~800 CHE [
AT R 2R A B s, SR TR B D R R R R K
KITEAE o & dHEsH MA & MA—EDA # it
BB MR 6,23 %M 11,19 %. H ik TGA #
BT 5EBBEY A SR

2.1.5 X#HEALEFa#EIH  HHFe,0.@
Si0,—NH, @ MA—EDA 5458 1 /E H i J§ 19
XPS 4 i K A 85 R i XPS Bl LA 6,
FER B9 XPS #3813 1. i Fe, O, @ SiO,—NH,
@MA—EDA 1y XPS & A 5% W 3F B J5 5 7] 51, 45
TERESE(%):C 32.02,0 44. 06,Fe 0. 69,
Si 18.18, N 0. 83,3iX 5% #¢ & I BT+ 45 M M4
AT & ILRE M LB R/MRIK S O>C>Si>N>
Fe, % j& i F XPS A& 5 i 2 Pk E H 4 10 nm
RIZEF (5 B Fe, O, B £0 78 76 B 5 BURL B9 w0, BT
DI 2l gkt R & BRI X iR & ek
Kt 2 BT AL F N R R B Fe,, LT3R MR
SR Y. X BB Fe, O, BERE I K A WL AT
X — R 5 CH B — BT, Fe, O, @ SI0,—
NH, @ MA—EDA—Ca W E T M. BB &/ 5
Fe, O, @Si0,—NH, @ MA—EDA # 7l it J|E 741, 76
455 HE N 346.9 eV AL B T — AWl i, B AT IR )R
F Cay, , HAG M BN & B4 1. 25%, X 5 5T R
eSS RAAF. 7€ CaCly, h Cap, WL T4 G BB N
347.9 eV, TMHE & 1 Cay, 1945 & BN 346. 9 AR
T 1.0eV, RHHBFHEEHMN. XEHTHET
S8 & R R R AR T B ALAE R T A

R1 EETFe;0,@Si0,—NH, @MA—EDA) R ER& ¥

(Fe; O, @ SiO,—NH; @ MA—EDA—Ca) R XPS #1 18
Table 1 The data of ligand (Fe; O, @SiO,—NH; @ MA—

EDA) and complex (Fe; O, @ SiO,—NH, @ MA—EDA—Ca)

JeH T

_— AR/ (eV) AE, /(eV)
CaCl, [ EE5Y
Cagp/z 347.9 — 346.9 —1

Ny — 400. 2 401. 3 +1.1
— 399.7 400. 8 +1.1
— 399.2 400. 1 +0.3
O, 535.6 535.7 +0.1
— 532.1 532.7 +0.6
530.2 530.6 +0.4

Fe, O, @Si0,—NH, @ MA—EDA {4 Oy, I§ 7] 4
# C—0—C,CONH, #l C—O—H,.B&HBE 5.4
AEEAMIFE 0.1,0. 6,0, 4, FefAk R A4 N, g
ARGy R E I BRI SOBUE  BE A I No S A RE AR
BCRAF RN T 1.1,1.1,0. 3 eV, 35k 32 B i o J] F i
B HEA T 558 T B T B T B4
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Fig. 6 The XPS scanning pattern of Ligand (a) ,Complex(b)

and atom of oxygen and illustrations for calcium XPS diagram

2.1.6 Fe,0,@Si0,—NH, @MA—EDA 545 &
T V5 R B g e I R S50 KT B O kAR
Fe,0, @ SiO,—NH, @ MA—EDA ¥ Fe,O, @
Si0,—NH, @MA—EDA ¥ & 45 & & J 47 51 0
0.010 8 g/g }¢ 0.011 4 g/g. b B & EITM
1,08 YoM 1. 14 Y. H &R K& XPS il 15 (945
&R 125 REiE, HYS TGA dil& i MA
K MA—EDA X S BV &, ALREREH,
Fe,0, @ SiO,—NH, @ MA K Fe,O, @ SiO,—
NH,@MA—EDA # G ¥ 5458 7454, HH
TS AL A D, — AL MA 5 MA—
EDA #E N R EZ T4 & — 08 1. WrEn
FAMEGRNEETEEHARRE. BRI R A
PIRTR B g o & — i it 47 2 25 1) Mlichael R
N7 K Bk Wi Ak B2 K 2D AR T R R AL I S

3 & &

a. AR VI B H & T WA AR
F TR B B A | T A A% 5T W M Ok OB, 3
Fl SEM,XRD, FTIR,TGA,XPS #l TGA #47 T
RAE.

b B QR ISURL I RL R 24 0 17 nm, 38 3 ¥ IR
BRI 5 A EE G OB R ST 28 45 nm, 3 53 4 5 R
T8 B Pk Jeke £ 52 I il 45 ) 44 K JBURL 43 0 A 64 nm
1 70 nm. BEHE YR TOE SRR, HERIE.

c. FIEE G H MA & MA—EDA ¥ & & 437
H6.23 YoM 11.19 %, REAFE S H MA g
EW 2 e B ik Ak

d.XPS R 5B THEGLRARRYN,FHE
F 51 5 0w 9 ok BURLE] DL A s AR 45 A,
AL HAAA RS WA MA 3t MA—EDA JE i
TRAE GG — 58T, & B WIE
A FRRBO S I, WK S E T RE T B PR
. B, B E G B Z B 1% W 40 KA
BLA B T K 5 B B T

M
ARBBHNEEHBTRFEAABIAP SR

Wb A HOT 6 T Bh, A R T G

g
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Synthesis and adsorption of calcium ions of functionalized
core-shell Fe; O, nanoparticles

ZHOU Hong , ZHU Ming ,PAN Zhi-quan , HUANG Qi-mao
(School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430074, China)

Abstract; Combining the characters of magnetic nanoparticles and function groups, the functionalized
magnetic nanoparticles having chelating ability were designed in order to obtain calcium(I1) adsorbent
having higher selectivity, easy operation and recovery. Fe;O, magnetic nanoparticles were synthesized
by chemical co-precipitation in argon atmosphere using FeCl; and FeSO, « 7H,O as iron sources.
Magnetic nanoparticles orderly coated with silica (Fe; O, @ SiO,) and (3-aminopropyl) triethoxysilane
(Fe; O, @ SiO,—NH, ) were prepared by silanization reaction. Amide/ester and amino groups-
containing magnetic nanoparticles were obtained through Michael addition and amidation reaction using
methyl acrylate ( MA) and ethylenediamine ( EDA ) as materials, The intermediates and the
functionalized nanoparticles have been obtained, which have been confirmed by X-Ray diffraction,
Fourier infrared spectroscopy, Scanning electron microscope (SEM), Thermogravimetric analysis, X-
ray photoelectron spectroscopyspectra. The study of atomic absorption spectrum shows that the
nanoparticles chelate calcium ions in accordance with the theoretical proportionality., The ability to
absorb calcium(II) increases with the increase of the content of the functional groups, so this kind of
magnetic nanoparticles with higher content of functional groups has potential to be used as a adsorbent
of calcium(II) in water.
Key words: agnetic nanoparticles; synthesis; characterization; calcium ion; chelating property
ALt K %%



