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AT BB (TEM)., 2040 K% DUFTIR) A 3k 20 4% & gk TR TH(VSM) AT = 4 B9 25 4 . o 9% 5w
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ARILHT Fe;04 G LT Fe;04-SiO,-Polypyrrole
Yk ZZKse kL. A X SHEATEHU(XRD) , H
L B BE(SEM) . & 0 BT B ABE(TEM) . RShFE
an G TH(VSM) A T I T iz e a5 A i e Pk,
Aok 5 2 A5 U W B 5 9 R P SRR S S S AR R T
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(i) sr#r5Mk. RA XRD, FTIR, SEM, TEM
XA MRS IR T T R AE; R VSM X
Fe;0,4-Si0,-Polypyrrole A% 7 U 4 1R Rl Ak 5i8 B F
FFRAE; RA] ICP-AES X W fhi: AE 5246 b A B 4 )R
BV B AT I 2 By, XRD i i Bruker AXS
D8 Advance Z fhfiT Y (15 E A & s A RS,
] CuKea #(1=1.5418 A). SEM j#fi i Hitachi S-4800
HH 7 8 0B (H AR H S 7)) SERL. TEM 38 i
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Lambda-950 24 AT UL e B i (32 [ #1 4 - IR 3R
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(i) DUt fb =8k 2 fnekilil & . i Ik,
FEIR JFAAE T Hil 4 T UL =8k 2 Bk, Bk
IR 135 g KA AR, 1.0 g RO FE
2000, 3.6 g JL/KEERR AN, M HLT 40 mL /9 & %
R, RS 30 min B0 IRE PR S BT
100 mL PYFERIE SRRV 28, 78 200°C 19 2518 F iF
178 h Wb, RS, ARBRH R, BT
B, W SO ARV oy B O LB R
FRIATIRRE k. BT 6h

(Iv) PUA L =8-SR REAZ S WOk il 4. @
1o DR R O 2, T e K T R o R o 4 D R Ak — k-
TR ORI PO BRI B 0.3 g AL
ZERZ BERFE AR 100 mL 4 S5 B ) AL
Ptk 1 h, BESR UK 5.5 mL 255 F7K, 0.75 mL 2K,
0.4 mL JFEERR DU ZEE A E EiRRA R, fEER
UL FE 16 h )5, REvE B R, G2 00Kk
BV S, 60°C 25 T4 6 h.

(V) DAL =k - A ARk - Rk g 52 A 0k i
B, JE AT BRIV A H SRR A RO i A DY
AL =R AR RE- R E BT BRI TR 6.2 ¢
PUAE A = k- AR ROR B JE AR 100 mL 5
FOKHPH#EAT 0.5 h i k. BEEINA 2.84 g 75K
A AR AR S FE 0.5 h, PERERETESFE, #
0.4 mL MRS A S FIRRAW S, BANRAS
PRI T HEEE 16 h. BiF b5 mibh oy B 15 2 i
JE e, Gead KRR E AR B2 AT 80°C 4.

(Vi) BT E T A RITM IR, 3%
e FHAGETR W fFHS23y, 78 250 mL A = AR A 100 mL
JH AR 20 7K T 1) ) T4 PR AR B8 VAV, TR pH B —
5, TERFESHTHANA 0.01 g BYE G WM. skt
rndf B TEEIR G4 IR 48 h J5(20°C, 160 r/min),
W R pH, AP pE AR T v, PEFT K B4
Br, W0 AR TR AR B T AR B, TR R
BRIR AR B 7 0P A R Q.. K R Y AR TR AR 15 1
TR ICP-AES #EATI Y, MG T 2Rtk A 7 44
3T

0=(Co—C) x V Im (mglg WFf).

T, Qe A W BT A P-4 I8 B ek (mig/); e kg W R 5
B (g); V AR BUK B R FR(mL), Co A1 C 2351 0
B T AR PP B 4 S B A R (mg/L).
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2.1 PSSR SLERAET) D

125t T 98 Fe;04-Si0,-PPy SHLE 73 T &
ekt i = BT ) SEM EHR, Bl 1(a)%h
H TR R R G & 1Y FesO4 £ A BRI 1Y
SEM K%, HERFEFHR TR 400 nm £ 47, ok R
staizE, B s). ik 1afEdE TEM
EMEAT UL, G Bk R AL T 2 iR AS . XRD S5 45
(K 2)FW, 78 20 = 30.28°, 35.46°, 43.40°, 53.28°,
57.14°F01 62.76° 4 B FEAE AT 5 0 75 A5 b 1 A7 S L3
(JCPDS 75-1609). R4k Hoop 0 58 504, 45 Bl R
3, D = KA/ BcosO, T LITTH H Fe;O4BRI%E U5 5L &,
LA AR Horp D S ARSEEIRIAR, Ah X 5
LK, BB T, ORARMATIf, gk
Bi. cBRFILANHEE, R AR, HE— B
0.89, M¥ESH 20=35.46 I, 1155 Fey0, BRH%E rh 4k
BASHIBORL R AE 22 nm A4, EREVERRIE A B
HIRGE R, BT 1Y Fe;04-Si0,-PPy BEA WK 7o 4l K 45
K EL A 35 I A R 1) L RE ) SR BRI,
PESFRERL. TEIE 1(b), Fes04-SiO, MM A% 7e ik il
o JERE R DU £ R TE Fes O, BRI 1) 5 P9 B 43 B0 b o 1
KR4S, SRR 100 nm 245 B9 B AL REA L AE DS
R B g R Bk 2 B B A AR BLAE A, A BT
TRORE A T3 Hh R 43 HIORT 38 5 A4 L X R P 5 SR 1 2R
B Az v, HRmE SR EA BT — 2 R
A tE. B 1) T Fes04-Si0,-PPy & & #5¢
WORLAY SEM MG, 2A% 5¢ Ukr HAT 5 RS A9 2R 1,
HE®RKZN 600 nm, BEYZEIERE N 100 nm 4.

2.2 PEUEL MO e
%] 3 45 1 T Fes04-Si0,-PPy & & 4% 7% Wik i 21 4h

WOETE. HIAE 1543 F1 1452 e 37 B | g g BR
B AR IE TR IS, 3 5310 U1 i Ay SR ik s A 1)l X6 R A 4
PR AN TR 4R 5, 1298 cm™ 4b (9 WS e Xof 7
C—N B 4EHE SN, 1045 F1 1178 cm™ Ab ) W2 iz s Ay i,
W R =C—H (% T PN 25 [ 912 311, 895 i1 783 em ™" Ab W
W U4 U S8 Sy N = C—H B 1 T A2 ih HR 3. Wizl
JEIEUE B T A% 5e Ok 2% R A W AEAE. S Ah, T
550 cm™' kb A FesO, BUAFAE ML I IE, 3440 cm™ N Z5 A
K H—OH HFAE I i PO,

2.3 YRR E ST SR

il i3 TGA-DSC Z i ot T R G WTE A=
BRI RS R I 4 PR, BEWTERAR 500°C
AR EE . REVIRENEL N 64%. KT R
BB B o LU A BT K02 FesO4 84K N
Fe,0; L 2.

2.4 PRIy VSM REE Rt

H Pk BE A 1 IR ShRE S R T i, FEEIR T,
Fe;0,-Si0,-PPy & GA%5¢ JUki 10 Ffg Akai iy 43.5
emu/g, X H T SCHRHIE ) 56 T8 5700 2008 B B 1% 68 it
T Fe;0, BRFEAIILFNREILSRE A 80 emu/g 224, A%
PR L) T SRS, A L, R
40 Oe Zify, MRORGRFE T HCUF M mE R E. S4h, Hk
PR IV Y R N, BE T, FEAMINAZ IR 2R 1000 Oe 1,
FARK BN FEREE 4. Bl RS AN MR B L
DR IR e o e o o< Ol & = S
Fe;0,-Si0,-PPy & & A BH B R RE 25 52 S 1 40 5,
XX T A AR BRI A TSRy A A A A

2.5 Iy E R R TR AN B 1 i
Fe;04-Si0,-PPy Rk {E UKL Y S0 24 LRy LI,

El1 HEEEERENESRE TR =M B SEM B4
(a) Fe;0y Z A ERFE (B A 511 Fes O, 22 FHERFE I I HL T WA IEAY); (b) Fes04-SiOn AZ5Ei0RE; (c) Fes04-SiOr-PPy SF-HL 145 A A% e ik
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FENG, FELT Fey04-SiOn-PPy R UKL 1 i 6E 17 .

(1) A4 B B 4510 T W B i L 5.
FARIREE  pH — B 4~9, FR B 46— SL4RaRAT L,
pH ## LT 5, WILFATHES: pH 5 #F55 A[H Cr,0,>
440 WEERT Fes04-SiO,-PPy LA AWK B RCR (K 6).

220 511 R, 1E Cr,O> WM (R T 581.7 pg/L W}, £k
ijw 400 RABTE 98% L) ., 1F 1163.3 pg/L B R RAWAE 90%
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e 1 s . R 116.3  349.0 11633 29083
TEAR pH AV W R i PRI B sl 45 5 o 1~ (IO i A A Colug-L™
0 BN = A 7 = Y .
IE EE; ’Tﬁ . %ﬁ I}H)H‘*/I’Xj‘ﬂ(ﬁg EP r% %jﬁ %ﬁ I}H’TE g%ﬁm@ E 6 Z: ]ﬁ] Cr2072—%ﬂﬁé\mr§—l¢ Fe304-Si02-PPy m;lﬁ*ﬂ-ﬂg’,ﬁ{]
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HRRATHESE T B P R EE RS Cro,” N Fe;0,-Si0,-PPy itk kt 67 mg/L, WHHAZ pH 5
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TRV o I W W B R 7 19 B AR ME 2 —. FesO4-
Si0,-PPy WiPEAN KA RN Cr0,7 B8 1 (1 WL [ S 9645
BN 7 PR, WL TE— FR 31 67 mg/L i KA
R [ ¢ BE 119.(0.058~5.816 mg/L) Cry0,> VW H #E 47,
W) pH M 5.

S50 A AR AR B RO (Q., mg/g) R4 A B T
AR B (Ce, mg/L)#RAF A Langmuir WY FRALRL

0=0nbCA1+DC), (D

Hoh 0, Ry 58 4 02 78 35 A R W B, b RSP 5K
(L/mg). MG 1 PR,

SHHAE S W SRR A, LG RN Cf
0.=0.028C+6.774. HAN B R BN 0.991,
Cr, 0,7 F e KW Fff 2550 35.52 mg/g. FE Tl
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© 20| |
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Bl 7 Fe;0,-Si0,-PPy BEHEA R Cry0, B TRHI IR it o 2%

%75 ik

#1 Fe;048i0,-PPy AR Cr 0 HE THIR M A&

F5 1 2 3 4
C./ug-L™" 115.5 491.6 1238.3 3551.7
C, 1
— /mg-L 7.56 25.82 48.16 104.82

e

5] s 1 P9 A% £ 380 R T AL BB T % AR 01 YRR 4
bk, (3115 Fe;04-Si0,-PPy 4 P 40 K A B 7 ab FE-55 A7
AR RIR B T A 75 K Ul B & — e L 3. (S —
2 4 2 ) FH S 5 T 70 Y T T R 1) A% R AR T
VR, M52 B Fe;04-Si0,-PPy 4 1 44 K 1z Bt 44 44
SSERCRAINER

3 58

AR T £ Fe;04-Si0,-Polypyrrole & A4 #5¢
UKL, — 7 T S5 305 L SRS W SR gt 7 e 28
SR T Cr07 LR, —J7 i i Az o KR
SF 2 RETEER AT Fes0,-Si0, AY 2k 21 i 2k Il Ui
BAEWMFRI B . LS50 FesOq 40K BURLAE N il 14
R AR AL SR EE /N T 10 emu/g, 1] Fe;04-SiO,-
Polypyrrole 2 & 12 7¢ F i i) 16 FI R £k 9 B Ry ~43.5
emu/g, HABE RGN GET]. FEEEMRRE M
W BREBIF 9 R IR, 1 T B R B A AR % R
B 25 HE, M 35.52 mglg. XFET FHEREYRMIE
) T i I M % 5 SR A EE R R T Cr 07 B T —
PPk e AT . AT i 500G o 5 1 R B A L
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Preparation of Fe;0,4-SiO,-Polypyrrole core-shell nanoparticles, and
their adsorption of Cr2072_

CHENG Yang', ZHAO ZongShan?, ZHANG Fan', CUI Ping' & SONG Weilie'

! Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;
2 Research Center for Ecological and Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Core-shell Fe;0,-SiO,-Polypyrrole nanoparticles have been prepared, and their adsorption of Cr,0,> ions investigated.
Nanoparticle morphology and structure were characterized using X-ray diffraction, scanning electron microscopy, transmission
electron microscopy and infrared spectroscopic techniques. Their magnetic saturation values were determined using a vibration
sample magnetometer. The nanoparticle structure was composed of a polycrystalline Fe;O, inner core (diameter ~400 nm), and
outer shells of amorphous SiO, (thickness ~100 nm) and polypyrrole (thickness ~100 nm). The magnetic saturation was found to
be 43.5 emu/g. The adsorption of Cr,0,>~ was characterized using inductively coupled plasma atomic emission spectroscopy.
The maximum saturated adsorption capacity was calculated to be 35.52 mg/g, by fitting to a Langmuir adsorption isotherm
model. This result suggested that the nanoparticles could be applied to Cr,O,*~ adsorption, with high efficiency magnetic sepa-
ration.

highly efficient magnetic separation, nanoscale core-shell structure, Cr,0,>~ absorption
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