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(¥ Fes04 K T i IR 2 & FL T (Fes04/PAA) ;. 1E
Fe;O04/PAA fFLER, #f—Bulid SAM 5 CdSO,
Fl NapS,05 7KW, FIF Fe;0/PAA R R
R IE CRIRIR) 5 Cd> HAH BAE ¥ aT LSz

FE e AL 77 (FesO4/PAA/CAS), Hil 45t Rl 1 fir
TN TERAEIZHEMECMEAFIRIZER . TSR R
A b, ASC@E A LGRS P B IR AR,
F%2 [ Fe;04/PAA/CAS KRS WIGHEAIEE o

CdS TERERIRTE IR A, #l4% Fes04/F N iR/CdS
UV light cout
® —w
COs
AA (NaAA)
+MBA ﬂ UV light
’Cdz‘ f
4 e e %
N SN
Cd ct CdSO, +NaxS205
cd ot

‘ Fe;0, @ Fe,0, /PAA * Fe,0, /PAA/CAS

El1 Fe;04/PAA/CAS AL Ml id FEoR
Fig.1 Schematic illustration for photochemical preparation of Fe;04/PAA/CdS

1 MR
A NEES

WIEER (AA, EZERLARAGRA D
N, N-T XA #EBERE (MBA, B4 T4 R
AT AR, SR R AN E A Ak
JEfE R . HARRAI A AR, e E E 24
EEARFIA PR AR o SE6 I FE A48 FH — IR 2818 /K0
4l N, (99.9%).Fes04/PAA [ & HZER 3 H 8 W
RERAT CREFEK 254nm, Phillip A7) 1 HE i
T 7 S R 221, FeyO4/PAA/CAS I 451 H
Al FE RO A, SR E L 2,

11

— Box

10cm

”/’

2 Fe;04/PAA/CAS i %% % B n & 18
Fig.2 Photoreactor illustration for preparation of
Fe;04/PAA/CAS

— Quartz test-tube

Strip lamp

KT AE N BERIC A TATHESI) 3 K 8 W RIE K
X7, 3B T Fe;04/PAA/CAS FGHEAL LTS,
fEFERRS 3 R 8 W HYGIT & CRETAT L,
Phillip A7)

FesO, 2K KL F B &

# 1.8 g FeCl; 75T 50 mL i #h/#2 (pH =1.8) 1,
£ Ny R FEB IS 30 mL Na,SO; /K&
(0.5%, FESHO , 5 min J5HRHEMA 50 mL
NH; H,O W (5%, FESED HmmEhid:, 7
60 ‘C N1EEZ M. 0.5 h JEZ R, AHE =R,
E NG SRR R BB, BT — @ UK
339K FesO4 BET A .

FesO4 4RI FRIFRE X 14

¥ 50 uL AA F1 5 mg MBA W ARALE 40 mL /K,
HRAFIR = A SRR IFE NI RE Nl N, &
78 30 min PLEFRIA RS Oy, I 1.5 mL 7 430
{1 Fe;O4 M1 (& FesO4 10 mg), US55
BT EAMER 4min, SAJ5H T A NaOH #75 pH
B2 43 1710 mL AA KR RIS IRV
NaAA, KFE4.5%) ECIRARHE TR,
10 min JG R NVEEH, A& BIREER 7 B BT A3 Rt =4,

1.2

1.3

010303-2
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/516 Y,% ﬁ W\E ?%I‘ @J EF% Fﬁ] ‘}?ﬁ E&é 'ﬂ% fﬁﬁ E/‘] FC304 (FC304 /
PAA).

1.4  Fes04/PAA/CAS € &K FRIHIE

¥ 54 mg 1] Fe;04/PAA A 15mL 0.05 mol-L™"
CdSO4 AW, #4381 1 min J& A1 AN 15mL
0.10 mol-L™" NayS,05 ¥, K iRtk 1453 47
2 AR (20 mm x 200 mm)N , #4182 FiRitA
FHRE AP E e A 2O R N AR, oM IR
14 ho & BhRRICEERETE =), Vel Bk 5 13 21 3%
1) Fe;04/PAA/CAS E &K+, A TRIEHAH.
Y FiRiE R RS FesO4/PAA I, 7EHH A 4L 41 IR
S E T ) 2% 6] RSB0 T FH 19 4K CdS .

15  #HRBIRAE

F Nicolet Nexus 670 {8 B 145 46 2T AP 1A%
(FTIR, KBr JE/, 3G 400-4000 cm ")HiiE
Fe;04/PAA FlI Fe;04/PAA/CAS M1k 22 4 A, H
TGA/SDTA851e BFE /MGl e (AR, T
HEZF: 10 C-min™") Hi5E Fe;04/PAA 1 %415 1)
&8, ] Philps-PW 3040/60 B! X5 205 AT Y
(XRD, Cu Ka 485,12 =0.15416 nm, TAFHJE 40kV,
TAEH 40 mA, FFVERE 20 = 20°-80°) 4 HTAf
FIYIARZE M) s F Tecnai 12 2433 5 HE 1 24085 (TEM)
MEL Fes04 F1 Fe;04/PAA [ITESR, it Ge it %
FRRE S A DT 120 SR BRSESRAS R R
AL, WZRSE A E A Origin 6.1 8 3ET
Gaussian #1515 H ORI RAR T8 E s 29 H
Hitachi S-4800 237k 1434 L+ B4 5L (SEM) I
JEOL 2010F %437/ 5512 5 fo 7 WA B (TEM) WL %
Fe;04/PAA/CAS HIJEZIAMIX 4544 ; FesO4/PAA H1
Fe;04/PAA/CAS WITE# 114 H Lakeshore 7404 Y4z
R TH(VSM, MR E 25 C) llit; Fe;O4
PAA/CAS UK S 6 1% 1 FLS 920 858 40 6k
FEVHPL, [FEAFES, BUKEK 325 nm)llil. Bk
DR FT F S R RE S 3 28 IR B2 TR AR B, A
FE S 1 23 BT K
1.6 FesO4/PAAICAS E AR FHIFIEIL IERE

HY 55 mg Fe;04/PAA/CAS fIAZE] 50mL 5mg-L™"
()% F1EH B(RhB) T, #5381 S min, {E 2R
TNIBR 40 min 1 B B BT AT o R R TBORE S )
M E T B AR e R B R, AT FERE S

[l 10 cm, 7E 7] WOGHEIE R 247 RhB (1) B SR o
6% 20 min HUFE 3 mL, W44 25 2BRAEAF], @i
Lambda 25 2£50-F] W73 606 TH O6RE 1Tem) Wll5E
B S UV-Vis BIloBil, AR 7E S50 pr
I FETE I A RhB [ e R SO (554 nm) &b T
TR A 5K C ZMAFEL IR R, LARERE ¢ 77
B RhB BIKFE C 5 HAIMRIREE Co 2 bt (Rt
) SRR RhB ) PEAEFLREE .

2 SRS THL
2.1  Fes0.PAA BIFRAE

2.1.1 Fe;04/PAA #94L 5 48 A%
B 3 34 Fes04. Fe;04/PAA Fl Fe;04/PAA/CAS
(1] FTIR %8, Fe;04/PAA (HiZk b) 7£ 3430 cm™
BT 58 1717 58 (R W ST 6f BT PAA HERIE) O—H
FREh SRE PR A BKE) O-H MRz H
RN, 1742 cm™' A1 1220 cm " b4y Sl 2 T34 4k
H C=0 Ml C-O MIHZERSN; 1562 cm ™' A1 1400 cm ™
Ak PR IR T of T FR BR AR [O=C—O] 1) SR Bk A %
FRIREN) 1652 cm™ XFRF MBA AR I 1)
C=0 M4EHRSh: 2926 cm™ Al 2850 cm ™ AL fiI W i
Xof B F—CHy— (X FR AN S BRI 4 R 315 Fe;O4/PAA
(HZk b) 1, Fe—O MIRFMEIRENAI T 580em ™, #H
FLJERE FesO4 CHIZE a) FIFRBNIE 574 cm™" W8 ] 9
Kkezh, %R IGIRECR NIGIR 7T UL S &R AL
Y1 MO R 3ETE R COO-M £, Fe—O MRl
MEN T REE IR PAA 5 Fe;04 Z IAIEAEALZAME T 6

Transmittance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber / cmi™'

3 Fes04(a). Fe;04/PAA (b)) Fe;04/PAA/CS ()]
FTIR
Fig.3 FTIR spectra of Fe;04(a), Fe;04/PAA (b) and
Fe;0,/PAA/CAS (c)

25 F TR, Fe;04/PAA & H AA.NaAA 1 MBA

010303-3



WA RS R G L2 % 2014,32:010303(8)

IR e FesO04 IR F34k, #AESHTEERE
INGHIR A T Fe;04/PAA FEH /D EIK (4
7.4%) RUEHA (£9.8%), 1 470 CLL L HBIE
H, Fe;04/PAA 1 Fe;04 HITE 73 HLIN 83%. i
SR, PAA 1B AR B 52 FEIK Fe;04/PAA H Fes04 11
O X TS S A% e SV R L G YE S
o B

2.1.2  Fe;04/PAA #97 $A4= R <F

Kl 4 N Fe;04 1 Fe;04/PAA 1) TEM E. K
4(a)AT W., FesO4 FITEFRMATERIE, Geit Frighifse
A B RIS A, 4 Gaussian L5153 Fe;04
IR CRIAR 9.7 nm, RIARSPAG % E 1.6 nm. Fe;0u/
PAA I3 (B 4b) 5 Fe;04 ML, Fe;04/PAA 1]
RN 11.3nm, RiAR 7 A0 %6 23S K% 3.8 nm,
XA R R EWINT FesO4 M B AFE— E LR
RIARIEI5T

4  Fe;04 (a)Fll Fe;04/PAA (b)Y TEM K
Fig.4 TEM images of Fe;0, (a) and Fe;0,/PAA (b)

2.2 Fes0,PAAICS BIFRAE

2.2.1 Fe;04/PAA/CAS 8915 i F= 4 Aa

8Bl FTIR Y6iSRAE T Fe;04/PAA/CAS K1k 2
A (3 Mgk o). EH 619 cm AT 1126 cm ™ 4b
(IR SRR, Cd—S R BNIED, HeRpg 5
579 cm™' b Fe;O, RENIEHIFRIE AT, IESL CdS &
H1E Fe;04/PAA K. HT CdS FIEEFE PAA
1E Fe;04/PAA/CAS FIRMKI &5, DLARAES AT
A EBRIK S E 1630 cm ™ il 3436 cm ™ AL BRI IS Y
BT, S35 Fe;04PAA (HIZEb) FC =0
A F BRI IR B IR HT  BR BE RS LA

K 5 & Fe;04/PAA Fll Fe;04/PAA/CAS [ XRD
K. FesO4/PAA (HHZE a) 7E 20 9 30.1°. 35.4°.43.1°,
53.5°, 57.0°F1 62.6° H I IRIAT S0 43 S0 R T [ o0
37754 Fe;04(JCPDS No.65-3107)f(220). (311).
(400). (422). (511)F1(440)fTH . EEE CdS Ja,
BEPERES: (HIZR b) T FesO4 HIRFAEATEIE K HE 4
I, TR FesOq MR SRATHIEERE (3 11) 58 5
B R IRTS, 26.5°. 43.9°F1 52.0°4b HHL 3 NHHIAT
Wi, 4y 0% N 0 32 J5 A CdS (JCPDS No.89-
0440)f)(111). (220)M1311) M HATSIIE, FHE &
7 Fe;04/PAA K CAS B A TH 0o 315 454 o M4

CdS I D) & TEATH %, 5B Scherrer A2t
H Fe;04/PAA/CAS H CdS P-4 5.6 nm. CdS
YK KL %] FesO/PAA =B FE T 4k b
Fe;O, MIHRFERTHNE SR BT BH 2k, X — gk
TEM &5 JEsk.,

. FC3O4
B CdS

—~
)
~

(@

Intensity / a.u.

~
js
[ ]

1 1
ww/\”""«..«?ww‘m [ ®

311
(220
G311

20 40 60 80
20/ ()

Bl 5 Fe;04/PAA (a)fll Fe;04/PAA/CAS (b)IF) XRD [
Fig.5 XRD patterns of Fe;0,/PAA (a) and
Fe;04/PAA/CAS (b)

2.2.2  Fe;04/PAA/CAS #97 $4a R <F

K 6(a) Fll(b) 43 5l N Fe;04/PAA/CAS JE3 ) SEM
1 TEM . SEM KT~ Fe;04/PAA/CAS E BRI H.
BAMRSMZRT, HRSEAT 50-240 nm, “F¥JkL
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B PR Fe;0/RNIMGIRICAS AT KL 6 Kot kg

2N 155 nm. TEM KIE5E Fe;04/PAA/CAS &1
JUGK LLF B /R T SRR T ) o 33— 22 0l T
Fe;04/PAA/CAS R THITUIX 454 (K 6¢), AILLE
HIRZ 5-10nm ISR EESE &, 24
o ) 5 T B E AT 0.338-0.340 nm, X —¥{l 5
XRD € [FITH 0o 57 J5 544 €S FI(111) &7 T [R] FE —
#. HRTEM 7E Fe;04/PAA/CAS 3 i J5 B # i f1 m]

M X I A CdS, R B LI 2 11 /0o 37 7 25 44
Fe;04 MITUIX 4544 « TEM A& I RETE 2 B (I 64D
7K Fe. O. C. Cd. S Al Cut& (CuiiT TEM
HIFE B A EIR D, UESE T FesO4 F1 CdS HIAELE .
284 XRD fl TEM 2553, AT LA\ Fe;04/ PAA/ CdS
HARZ CAS 9IKRLT2H B 1) 7™ % 7 J2 R 1E
Fe;04/PAA R o

sy
o
Cu
e -
= WiV W

375 800 1225 1650 2075 2925 3350
Encrgy / keV

6 Fe;04/P(AA-NaAA)/CdS ) SEM (a)f1 TEM (b, ¢)& )2 EDX fit i (d)

Fig.6 SEM (a), TEM images(b, c), and EDX spectrum (d) of Fe;0,/P(AA-NaAA)/CdS

2.2.3 Fe;04/PAA/CAS #9565 R

Fe;04/PAA 1 Fe;04/PAA/CAS 1) VSM Hh £k I
7o BEIRFARES I TC RIS, Fe;04/
PAA/CAS 1 Fe;04/PAA [ FIREAL 55 5 (M) 73 51N
29.74 A-m*kg ' M1 7.4 Am>kg ', JEHEHTE L
T 75%. B My = pms (o N FesO4 AT EL, mg
N Fe;O4 HIMIFIRERED RIEN, WAMERL 7 FesO4 Y o
W T HEYN M, MREARMPERS CdS BH
fE Fe;04/PAA AN, Fe;04 7E Fes04/PAA/CAS
AT o B FRAK, PR Fe;04/PAA/CAS )
M35/ o WA FesO4/PAA/CAS 1R /N R A WA i FE
(0.24 A-m*-kg YFFFI /1(1.5 kA-m™"), 7T LLH
Fe;04/PAA/CAS 15 %35 T S BRI, X —
PR AT DB 4 12 AR T R G R 70 1 F i
TG A BRI I R AR L E— D 52 Fes0u/
PAA/CAS RGN R, RINAE 7 BUKH ) FesO4f
PAA/CAS (& 7 4l ¢ 7T LA#E NdFeB #£%2k(50 mm
x 50 mm x 25 mm)7E 2 min P 58 4= BB 746 B D,
WLy BEAS B MORE S 2 1 min BEHREER 20 s A PR )

PLFF IR oy BUAE K IE WP . R0 O W2 1 RE A
Fe;04/PAA/CAS 1E RENE Y6 AL F7I7E N AR & R i
Pk sy S MEE R E T RT3,

30 a)

20

Magnetization / A-m* kg

N
[=3
(=}

\i
(=3 4
(=}

(=}

Field / kA-m™

El7 Fey;04/PAA (a) F1Fe;0,/PAA/CS (b) 1128 IR AT a2k
KN FesO4/PAA/CAS 43 BOBAE L3 5 T (o) A1 (d) K B
Fig.7 Hystersis loops of Fe;0,/PAA (a) and Fe;0,/PAA/CAS (b)
The insets show the photographs of Fe;0,/PAA/CdS suspension
before (c) and after (d) the magnetic separation process
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2.2.4 Fe;04/PAA/CAS &9 5¢ & K ik

K 8 A Fe;s04/PAA/CAS K% 6 itk . HHIE 8\l
H, HAERTRIRSEN T 473 nm &b, XFRT CdS
T R T, 5L CdS SLAHM RN R 516 (500 nm
KA RETHEMNER, XZEHYK CdS MET
RSP BRI, e 540 nm AT 617 nm ALfR#
55 (1 42 S TT B A2 gk CdS B 51 Y, &
JEE (R R AL 55 45 FI T Fes04/PAA/CAS R B H B i)
FeHEALTEE

473

Emmission intensity / a.u.

540 617

)

400

600 700 800

Wavelength / nm

8 Fe;0/PAA/CAS KIFEEIERE
Fig.8 Fluorescence spectrum of Fe;04/PAA/CdS

500

o (A) (B)
e SR, (a) 3t
0.8} .
- f = | ©
O 06F S 2F (d)
%) = «
0.4}
1F
0.2}
<4
(d) L
0.0k 0
40 20 0 20 40 60 80 100 120 0 20 40 60 80 100

Time / min

9
()%

2.3 Fes04/PAAICS HISLE (L RE

N T VY Fes04/PAA/CAS AT WGk 1% 1,
WHIC T HAE T WG N X RhB I FERRACR, 45
WK 9A FT7R. £F 100 min N, ££ 7] WOGHEST T RhB
FIE R LN 7.6%. 24 Fe;04/PAA/CAS i\ RhB
TG, 1E B2 A N3 40 min i B0 B
¥ Fe;04/PAA/CAS Wt ) RhB &4 29.6% (£
b). Fe;04/PAA/CAS {# RhB 7£ 1] W46 M 100 min
P B E IR B 97.8% (HHZR e, HARALTEMEMR T
SR FH A [ 5 2% A i) 6 FR 0t H”(@%%’Jﬂﬂﬁ CdS ffi
PR, TR G 7] P25 Xt RhB I R4 R
43.6%. f&B Lamgmuir-Hinsheluwood #7727 75 £
In(C/Co) = ki —25 341 7 P25, CdS 1 Fe;04/
PAA/CAS Z 5T fE, LM 5153
In(Co/C)—t B2 (K 9B). MELMAIRATH, 1L
SN R R H kBN 5.94x107 min'
2.40%10 ° min ' M1 3.60x10 *min "', HHILTEE, 4L
FULE R WL B AL 05 M B s B AR IO FesOof
PAA/CdS. CdS. P25, Fe;04/PAA/CAS HA RIFIH
A WG AT

Time / min

AFIFE S AEAE T RhB BRI (ARG R B In(Cy/CYXT YIS [8] ¢ (40L& it 26(B)
5208, (b) Fe;0/PAA/CAS(ERE), (c) Fe;04/PAA/CAS, (d) CdS Fl(e) P25

Fig.9 Photodegradation of RhB in the presence of different catalyst samples under visible light irradiation (A) and fitting curves of
In(Cy/C) vs. t for the photocatalytic reactions (B): (a) blank, (b) Fe;04/PAA/CdS (dark), (c) Fe;04/PAA/CdS, (d) CdS and (e) P25

3 g

K6k 234 % T Fes04/PAA/CAS H A ki
o EIEE SR F RSN T 50-240 nm 2 [H],
CdS 9K KL T7E Fes04/PAA T T B 250 HEAR |2
SFHEAERTEAMERRIT. Fe;04/PAA/CAS 1 f
FIR N RO, B R IR e RE ARG
MR . YA 45 R W FesO4/PAA/CAS AL R
(R WGHEA RS, 7E 100 min AT RhB Ff B ff 2
iE%] 97.8%.
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Photochemical preparation and photocatalytic performance of

FesO4/polyacrylic acid/CdS composite particles

MAO Weixing MU Xiao WU Kaiping KANG Zhicheng SHE Wengiang GONG Peijun
(College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, China)

ABSTRACT

Poly (acrylic acid)-functionalized magnetic nanoparticles (Fe;04/PAA) were synthesized by

polymerization of acrylic acid initiated by UV light. CdS-modified Fe;04/PAA composite particles (Fe;04/PAA/CdS)

were photochemically prepared in aqueous solution containing cadmium sulfate and sodium thiosulfate with

Fe;04/PAA as the magnetic core. The composite particles were characterized by infrared spectroscopy (IR), X-ray

powder diffraction (XRD), transmission electron microscopy (TEM), photoluminescence measurement (PL), and

vibrating sample magnetometer (VSM). The results show that the mean size of Fe;O,/PAA/CAS spheres with

core-shell structure and rough surface is about 155 nm and the size distribution is rather wide. The composite spheres

also exhibit luminescent and quasi-superparamagnetic properties. Besides, the magnetic composite spheres possess

excellent activity as a recyclable photocatalyst for the degradation of Rhodamin B when exposed to visible light

irradiation and can be covered by a magnet from aqueous solution within 2 min.

KEYWORDS Photochemical synthesis, Magnetic composite particle, CdS, Photocatalysis
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