I

Research of Environmental Sciences

Vol.22,No.3
Mar. ,2009

EnE H3M
200943 A

MRy - Fe, 0,/ MK E S # BRI Hl & K
H o 2 B ) O Bt 4

KAM, R %, BRXR", REF, B A

SETUAY FRSFHTELR, KK AE 230009

WE: WIS RN EA A YRR B r BB AR, DA iR R R A L R R B A Sk K AR L UL IR
MESSSATERRABRBEAO TR HEENOENER Y - Fo,0,/RIPKESHH . BRAMAENN, L/ RBOLH, &
S X FARTHITARETESWARBTTREFARTESHRER ERK P RBRAZ L% RKRXRT pH #
FERSEGET SHRMA BRI ERE L. &R%H, HANMBARER2 769 x 107° ' /kg, RS B TP BN IE
TR B DA U P R T R BRI RE MR LI Ly - Fe, O, AR RBIMNEARE, MR ERZ R 10 ~ 60 nm; KUK
EXHEESABRENNELG BERE; ZE4HBPH0E)N7.4% M RPERTENETEEA—CH B —CH— WEBHNR
MRREH SN ERHERBERMNEGRT K34,

XRA: MNEBRA; BEEHEAL: MERMAR; SORE AR TR

5 %E: X703.1 AMIEER: A ITERS: 1001 - 6929(2009)03 - 0277 - 07

Preparation of Palygorskite/ y-Fe,0,/C and Adsorption Removal of Phenol from
Aqueous System

QING Cheng-song, SONG Hao, CHEN Tian-hu, WU Xue-ping, XIE Jie

School of Resource and Environment Engineering, Hefei University of Technology, Hefei 230009, China

Abstract: Palygorskite and spent bleaching earth were used to prepare a nanocomposite named palygorskite/ y-Fe, 0,/C by hydrolysis
precipitation and calcination in the atmosphere of hydrogen. The nanocomposite was an adsorbent of organic affinity and had magnetic
separation characteristics. The nanocomposite was characterized by magnetic susceptibility analysis, Fourier transform infrared spectrometry,
transmission electron microscopy, X-ray diffraction analysis and carbon content analysis. Phenol adsorption kinetics, pH influence and the
comparison of adsorption efficiency with other materials were studied. The results suggested that the magnetic susceptibility of the
nanocomposite material was 2,769 x 10™* m’ /kg, and the nanocomposite could be subsequently separated simply by the magnetic separation
method. The magnetic iron oxide Y-Fe,0, was loaded onto the surface of the palygorskite, with particle diameter from 10 to 60 nm. The
carbon was loaded onto the palygorskite crystal surface in the form of amorphism, and the carbon content in the nanocomposite was 7.4% .
Furthermore, functional groups —CH; and —CH, — were found in the nanocomposite. The efficiency of composite material for phenol removal
was three times higher than that of palygorskite.
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— R MEER  ESRRIIEHTHE,BEE
FHEEREL K, FAERAFAR, AEE KBRS
BHER. SEENEOLB SBERAEL, S E
R—OHERBN B, 2B ER TR
MRMHR B AREYR, ) EHATEYL
¥ NTFEYE MEDE BREYE DL E.
FE RGN | AN, Bk 40 O R B 5
EERAEERYFENONFARRBZRXE,
BOOKER %' | F B % 7 b0 3 75 18 % B; WU
404 F B CuFe,0, 5 MnO, - Fe,0, ¥ 2 BRI K
FREERERAEL BREXLHUERKARE
BEFNEHALERR, EERFERKRE RE
WM AR/ GEF pH B A e, AR & T 3
AERERP B P HDA .

BRI MMBEAENRERRREHRATR
EERR (W AR ERAE BT AREW
R BITHY. AMAETEEAREFESE L
FEEHN BARERA. EREQ L RMEMT
kEEEY mEReLBEEMNE®HA LR E
EHERTEEEAL. REHALERTESE S

HHEHEE LR EEEKBEEIR 2R
REAXFAHERS. IAMBNITILESRE
HEEMERE TN 20x10° &, 2 80%EH MY
AR 1 %4 . POLLARD &2 B R B, 1/ i
AHITHEBFEA LS8 LM 8, 7 U A
MMBER/BRAKEAHR TENYEERRBAR
B . BRSNS AR NBRIE A LUS B M
PRA KA VLS, SEFLLARIR R , DA T e R R 5
HREREBHELIZRNERT. MEREYRS
MMEAEAE—EH REEMNER, R R
MNHEANSBERE L BBEREEYRRH AR/
B [ R .

EEVENHRAGRMB UL LK
EHEALAIEMN B &EKBAEASKATE
FABRBEEEEEDS L PRIRANERILN S
B EMMNBOREARAKRBERELY
(7 - Fe,0,) FBE , 5 % 4 0 111 7 48 /7 - Fe, 0,/
WAPOKE A4 . FMAMDNERL LA KR &Y
AR B R RR T S A DA R R R A
ARpERER BRNMOMHMEREN T ELHR
MMEARLIEENMRELLE. A TELTYD
WA G R OEHAEER™ BT IR
B 700 B B A8 A9 IO R 2 B K W TR B AL B R AT e IR K

MALE MART BERENEINEKRESRET
BEK . B R R B R R K O BARTS 4.
1 HE5FE
1.1 R

MOBRAKEIBREBRATELMNBEE L
LR MARTEER 90% (FE4H) LK M N
BH,SVBRAX KA FHAHRE. FyghR
4200 B(75 pm) . EEH B LRAERTER
MARAEL , FERO AN RBR AR SHELES L B
JRFME B IR BB (R BRI H 20% ~40%) . HHh
RECR BHERYS. FHANYISIGE, XR
Rk A EA .
1.2 MNER/Y - Fe,0,/BR KT A B B H &

Bt 200 BRI MEBEAE LMK 10 g MBERE
HEH 130 g,5 360 L KB KBAERRBEE N
100 mg/ LI B %5 ¥, 3 A NaOH ¥ ¥} pH 24 11.
BRBELHEF S8 (R bR E 2 BOCR , MEBIR
PR 2 W) EMMESO C,REHHET A 100 mL
FeCl, *6H,0 % (0.43 mol/L),30 min 5 B F K B1E
BAETS, MW E100 CFHRL4h. FLBERBRYL
HEZ3KERBO R, 780 CTHRT; THEE
mEATHE, S 200 B, BHESWBREAE
AP EESSATHTERARERE, €<REN
100 mL/min. %% B : 4 B 7€ 150,200, 300,400
500 °C F #4855 30 min,600 CT/RE 1 h. BRKER
JEHRE R F250 CERAN P HEL 30 min, IR
B G y-Fe, O, /BRAKE A H M.
1.3 BEARMRR

T BRSNS B BY b HAR IS 39, 4 51
FHMOEARY -Fe,0,/BMKEAMB EEHE
Bt BEEEHAL(BEEEALELASKSAT
600 CHEtHe 2 h) FIMBRA Y TEHER MRS R
RE. B0.25 g KRB A B BIESR 25 mL 5
mg/ LEBB WK ZEE R P (BW L H1:100), 5
WAL pH X 6.5,25 CTF 200 r/minf8 B 3R % = R K
V)5 0 E o (EBY) .

W B Eh 2R 0.25 g AR B BIEE
25 mL 10 my/ LEBBF RN ERE R P (HRER
1:100) , WA 1A pH X 6.5,25 CF 200 r/minfE B
W%, B — s o R BURE M 58 o (K R) .

PSRRI o (KB 5 mg/LIlE
100 mg/L, ¥ 8 pH K 6.5,25 TT 200 r/minfd
RiRG ZRMLEE, WE (ER).
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BB pHE WA K 4§ 0.25 g A BB B %
F25mlS mgLERMBBYFEEY R P (ER L
H1:100), 8% pH7E 2~ 13 AMTRIE,25 CTT U
200 x/min®% 345 18 R % W M 8 h J5 W o CEBR) .

BB o(FB)RA 4 - BEZF AL N
BERE .

1.4 HMBA/Y - Fe,0,/BMKE GM B RIE

FAHZABY% D/max - r B & XRD X (X-ray
diffraction, XRD)ZHT & BLHE & i Y1 M 4L AL, 18 R 4
BEER 40 KV, BN 100 mA, FHHEEEN 4
(°)/min. F§ H - 800 & 5 ¥ F & % % ( Transmission
Electron Microscope, TEM) M H SR 54 .
A % B JE % 1 (X884 7 7 i) MAGNA - TR750 150K
i {Y ( Fourier Transform Infrared Spectrometer, FTIR,
Spectrum 100) % 4 &4 £1 50 W WO Re P HEAT 4047 . AL
$R% 1 %X ( Bartington MS2 !, 2 H B /A &)W E
HAMBBREE.

RAEBREWEMMBA/Y - Fe,0,/IRAXE S
PR & B (w () K HERTE900 C T /& 42 30
min A ERERFHER. RR—EBHHERBA
HHR R R TR IR (m,) M S 2900 C TR
20 min, TR FER TR (m,). WEKSEITHE
AR wl@) =[(my - m)/m,1x100% .

2 &R
2.1 MMNERTY - Fe, 0,/ BRAKE & 4B B RAE

BEGBEKEFE EEASSATEFFERR
REEEEA L P AN REARNBRAA TR, EM
MBEORE R REEKE LY. M\ XRD Bi¥
(RE DTUELH, EAMHEE 20 X 18.24°,
30.10°, 35.52°, 43.12° fil 62.68° 4b th FL A B
7 - Fe, O, AR AE 17 58 i, BE BA 4R WAL P L) 7 - Fe, 0,
HWERFEETEAHES. BHETUEL, MY
BAY - Fe, O, /BAMKE A B P M MBAE T
600 CHEEEHFFIMFEEREL. NE 27
Fh, MMEBEGREROAREEFLS AR
7 - Fe, O, 8L (B 2(b) Fi k8 10 #9 B BOR ),
Y - Fe, O, BRI HRA10~60 nm. \E 2(a) W LIE
HMOEBEARERERTHRERSFZHARNER
Y - Fe, O, RIS R HFAEE XK (B 2(a) H
kI|maL).

FALLS e S KT B 5 21 51 0% Wi o 2 2B AT 40 4T,
UREEAMNRENERA, SR 0E 3 iR,

20/(°)

1 MAHEN XRD B
Fig.1 XRD pattern of composite material

B2 MAHEK TEM RA
Fig.2 TEM images of composite material

MEI 3R LAE H, A& B ZE3 428711 640 em™' 420

AR, ZA WA R RRESHHREEF

MK BT B, 7E1 051,796 F1 496 cm™' &b iy Ik #5 B
M R A 9 (Mg, Al)—O% , Si—O0, Si—O0—Si K i 45
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B3 MAMBELIH R
Fig.3 FTIR spectncm of composite material

HEAMH MR EER2 769 x 10°° m’/kg, BE
TEFEUERS], ERERRII RN AERIER
Hl1~5em. EEMKEw(BK)R 7.4% .

2.2 MMEER/y - Fe,0,/B MK E & 1 B 3t % B
W i 66 7 VF
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LAE 146 B B, B e 54 0 8 IR B L 8
hEHRNEBE 2R FERMERN8S%. ETHE 4
BHFEMERTLBGR, EHBKESHRT 24 h
WRC A3 et [5] BT LA fok MR A2 B 32k 3 °F- 48

0.16 - - -
L)
012+
g
g 008
3
o
0.04
0 L 1 1 1 1 )
0 4 8 12 16 20 24
KA /M

B4 MEMRERKPTERNSNEHLE
Fig.4 Kinetic curve of phenol removal from water

by composite material

2.2.2 BHERIAR

ARMFBEAHEERERLSHY EHREEF
B BRHEBEMES KA. 45 A Langmuir F
Freundlich | fHE R SHAR B F/H TG, LR E
6,7 MK 1 Fim. B, q KRARERM A X B
TR B, mg/g; oo WA FHRERE,
mg/L. N 6,7 M1 1 TLLE Y, 5 Langmuir T fiH &
R W, Freundlich M A RIBB S s R B & A1 )
it 25 By 8 W R AT

20
24}
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w 1.6
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04
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po/(mg/L)
Bs XMyBRHSRLE
Fig.5 Adsorption isotherm of phenol
4
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6 Langmuir 5 R&ZHHE
Fig.6 Linear fit toLangmuir equation

B 7 Freundlich FR&HHS
Fig.7 Linear fit to Freundlich equation

X1 BHERRUSER

Table 1 Regression egations for adsorption isotherms

5 Bt 1 HEHE HWERK(RY)
Langmuir (p./q.) =13.655p, 0.859 7
Freundlich 1nq¢=0.38671npe—3.8874 0.984 6

2.2.3 45 pH X M P 25 B AR 30U K B W)

ME 8 R LIEH , 7EEW pH 2 3 ~ 9 B, pH Xt
HAME BB EROEHBAN, XREE 8% K
H.HEHNAR, YpH N 10~ 130, ERET
PR R E .
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Fig.8 Effects of equilibrium pH of solution

on phenol removal

2.3 RIRBHR A 2 B OR B RE XY L

KRR MLy - Fe, 0, /B MK E & # KK
W EERE, AR R B AR R T RS RMHAR,
FEREHEAL,600 CHBHEFEA L, MOE
AR MEERN BB ERBHGXL, ERM
K2R, AR2FATLUES, BIMEA/ Y - Fe,0,/5

x2 FEAMRMEBROERE

Table 2 Phenol removal Efficiency of different materials
2R EmEHER %
MO E /7 - Fe, Oy /BRAK KA B 81.0
i 3c4: 3=k 19.7
600 CREHEEEL L 66.0
MO RS 17.6

HHER 89.0
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HAEAMHNERNEREHERTEERD L
MM YA RED, R E AR R4 KA YLk m A
BHC—HMBRE—C=0 EREEAMNIEM.
3 itig
3.1 MRy - Fe,0,/BRAIKE MM INEIT
ME 1T LAUE i, S E P L) ¥ - Fe, 0, N FE X
FETE A B S, B Scherrer A R i1 H 7 - Fe, 0,
BB EHRAN 42.92 nm, X5 TEM B K &
7 - Fe, O, R~F — B0 MM B /7 - Fe, O, /B A XK
AR PR M AEL 213600 CREEMAEA
MRS EEAESEE, XFERENMOE
A7TE600~800 CHMEEL RK. LHWKTLEHE,
G RERIRT™ | i TR B R R R
AR ATE, RIERESN, Bt XRD A8
BEBRNGE . SAE2TUEY, TEW KD
M ERB T E N ERARE, BEEE 3 MOk
HEAEMNEG WL LR, E A&
EEETHENYHBRL ERTRE—-CEEREAY
By . EAMBRERTUAZRENERE N
BB ML RS R R ELES, M N#EL P
FETE 4 FORA B K™« 15 7 7 B B 7L % M
K G RKFE MK, 7E 200 ~ 300 °C P9 & E R M
K FLIE R K Fn—FR S 4 SR K B . 400 ~ 600 C
W —FR a8 KK . B PR ERN R
HRE X600 C, B M MR 4 RSB KIE
ZRETEL28B &, MEEHA L7600 T
Faid Fo e B g LA R AL B VLR KB E L
ERER X, BT A B A G 2900 € T & %% 20 min
RN RGERRRM NP EEERNER. &
FHMy - Fe, O, A TETI B N8 H/ 7 - Fe, 0,/
BRAXKEAHBMBEENBRE. 900 CERKN
FIRPE 20 min J5MMEEG /Y - Fe, O,/ BRAIK A
BBehBeagRhame, FEREEE Kk
58845 R R AH MERy-Fe,0, LN
a-Fe, 0, AMASHMBERLIRE. v-Fe,0,5
a - Fe, O, MF BN RIETE S, REFIER
B, X5 S — A F B LB B R ZE900 C
B 20 min BT #5125 B ¥ B R B B & 4B X2 B
BEEE. MOBA/y - Fe, 0,/ APKE A M B
BEBHE TSAISEP HEMBNBSEEE, )
BAREPEY [y - Fe, O, IBI AT E A MBI MR A BR
FHBREN.

MM Ay - Fe, O, /BRUAK B A M B LB E
k2 769 x 10”° m’/kg, B EH A A FeCl,-6H,0 5,
Z23—-RIMIABERT BEEMEEALY
7 - Fe,0,. ¥ - Fe,0, W TE B # 4 : FeCl, - 6H,0 1l
ABMMNERRMEEEALNRAER TR, KBE
HFe(OH), £EERVTIE, KVTE AE T MO EA M
BEEEALTYRE, 2B K80 CHT,Fe(OH),
A a - FeOOH, AR EEARERSAT HER K
Fe,0,. BJ5 4250 CEH, HE MR BEERLYD
7 - Fe,0,™ .

« - FeOOH A L B — Kk & & b &%
a - Fe,0,*H,0,B0 & 1 M4 &K4F. o« - FeOOH
EXFRHESAPEHELEREN Fe0,. Fe,0, 5
7 -Fe,O,RTFAUF &R, EMNZMMEAERHEM
WINE N, BRENEASEEARE. REFRM
arlonipray  FISkBEILIRBI ST Fe, 0, B L2 R, R 3
B H100 CHY,Fe, 0, FF 1% % K 7 - Fe, 0,,250 T
BHAT DASE AR . 300 CEFHBER e - Fe,0,. Bl
EREFAE, o - Fe, 0, AWM, ATES00 CH T2
%A Ka - Fe,0,. BEIk, ZEMDNBER/y - Fe,0,/BRM
XEAMBHEL RS, EEAKKAPBERER
BUK 200 ~ 600 C, EESSAFNBERER
250 C.

3.2 MOEA/Y - Fe,0,/BR UK E A #H B M X By
T B B 1 SR A

BRHEREXNTERET LESEL(WLES),
PR IR LR AR SR B TR R R o R PR A
RE RS FREBENEDRE R L, BRE2
W RS THERK A RERNREEHS, B R
REEHBENS FRABRUNTE S, BT LIE S
HAMBRE AN, NNERREGHEIBLE
N : Mg, Sig 0, (OH), (OH, ), - 4H,0. H H#J Si** 7]
DB P f AL BR, Mg T B Fe',
Fe'' f AP #R. EHBEFERNEREMNEA
BHEHEELBRMAEM, ZHBRARTENRA.
B 5 o B0 22 L — R A B A K B
FrM. XEEBENRERHOEEFMUNELR
HESRTZEMNETRIEA RS, FRIUKLY
B FHEBRBPEBEE. B NNBASH
FHEGKNFRABERE , ERKFTFREEHEA
LEMBMAERERESE, ML EGLER
EAFZBHAEER, FERERBRESF.
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BnH

B F KA FARESR, Br L, e 2 M MR B B2 WA
W B, 1 e — B O T 2R 4R SE R B ok 4 T
(B G Rk MOEALENRE Y
H3.8Ax6 3 A, BTBMAYEN S FERATM
MEAGMILEER (EBNATRTR7.122 Ax
4915 Ax2.532 %), SRHEREHATLE, BEM
TR A XA WL F, BN A MR B R S R TR,
BB TR WM B F BB M. A, BT M
PR M EK R, MDA SR TE X K 4 T R S
R BF 2 %o A ALK 4 F ) VR AR 7 A R e, R OB 1Y
BOMANKGFHEHMERERE. HARK
—CH, , EF ¥—CH,—, R E—C—=O L M¥m T
My REAGRKEAMEER, XETHMSEARKY
B AR THEEINY FEBYBREEE.
MNE2TUFH EAHEN 5 mg/L KB EBRE
EMMNERRET K 3.

MNESHUFEH, EEH pH WA R, EpH K
10~ B EBMERBETHREAAE. XRENEH
BB AL (pK,) R 9.96,% pH KT 9.96 B, KBt
AFESHE UBETHEXEFET KBRS . &
BH—C=0 ¥WABBFHRMPLETFREHRF
fERBERRHERNEITRE. BNWTUS AR
PERMAERER K. SHMMAERE &, ERH
Hp i AR P TR R SR B Rk A S AR A O O P AR A
T, IEAR R B 3R] 55 R B AR VR PV P M FERR A T
X pH/NF 9.96 B , KB U FRAFEFTKE
B R ERES T OKE RO REE R, Bl
ERER N BEA Y - Fe, 0,/ B K E & AR 3
7K B8 A B JE AR A B A F R B ROR 3R 4T
4 it

a. B TR TR ¥ - Fe,0, O FEFE (18 MY
BRIy -Fe,0,/BRMKE A B RFRBNE, AT
HHEEHRT, BABMERME R, SR T LN
ARREBE.

b. SMMNBAREY REEHE LHL, HE&H
YAy - Fe, O,/ BRUKRE S BB 1Y
MEMERIEERA, EEMEN 5 mgLERK &
BRERRUNERRETH3IME. EpHN 2~90, 8
EMBMNEREREFMERYE, BT H—B#
Yy {8 pH TEE A MR AR .
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