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1 3 45 $ 2% 5 Su8020 49 4 i, 5 ( SEM ) ; S4 PIO-
NEER X 5 £k %0061 4L
1.2 IRB 7l &%
12,1 ot sk & w9 A =4k

PR — & Ht FeCl, -6H,0 Fl FeSO, -7H,0 F
1 LEER 20, 72 5% 3 850 rad/min B4 S7 i $£ T
7T 0.5 mol/L HCL, 4Kk J5 Z i i hn 1. 25 mol/L
NaOH ¥ 300 mL, A= i & 8 Fe, O, JLIE, 44 L3
F£0.5 h, RS W pH H] 25% HCL 5 2= bk,
S5 45 BT ) FE R 3 3k A o i 3 WA AR v Y
FIREN Y S B tbI @ IR EAKEN R S BV R S S/
T 60 C G A HRAE AL T4 H.
1.2.2 %) & #5644 PEI@Fe,0,

B TR 2R S e AR R N AR EE S g/L
PEI %3 300 mL, #R )5 45 T & LL ) A Fe, O, , 6
K 30 CRESHFE 6 h #i'E 1 h k&5,
T 60 T AR A HET. SR 5 A 300 mL &7
A E0.05% 1% B U, TE R K 30 C
WEI B FE 2 b WERR 5 B, FH 28 1R KB T A5 [ 44 b4
BIPEEEKR, T 60 C i XTI 58 LT
1.3 ZWHE

K F S B AT 5, K 0.010 g W B 57 il
A 10 mL HEJE R A, A — 22 BT o v 3 1 W 2R 21
W10 mL, 7EAE IR IR 3 as 2047 B, — o I ) )5
(et ) B3 W 43 566 BE 32 D e W 2R 21 1)
Jor g v BE 5 PR JBT R A W RS R X D 2R 2T
B k. WA BRI 4 S 45 i AE 293 .303 il 313 K.
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473 nm ZhIEWOE R AR R WOEE S CR By &
R B AE — YO N S ek OC R AT I

2 HEREMIFE

2.1 SE5#MMBARIE
2.1.1 fAa@#as
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Fig.1 SEM image
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B 7, CR 4r T —S0, " (pK, <0) HJ il ik 2 3 355
V38K BE LA—S0, ~ i JE 3R & A7 7. 75 B 1 2% 1
T ,CR 737 —S0, " 574k PEI 73 7 Z 8] i1
FR LIS R W AL BE pH (B T, R
T8 PET 35 ot 5~ e B i 55, [m) IR 3 98 v
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Fig.4 Effect of salt concentration on CR adsorption
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] (4 4 0 e
2.2.3 WIRLLBEMEFRLE
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Fig.5 Adsorption isotherms of CR
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K g, MM K, A Langmuir % %K, Fl
1/n & Freundlich 757 2% $0;A.B 5 g & Redlich-
peterson Z4; C, N W VA7 5 CR AR

K AR AE mE 4387, LA 25 J7 Rl /Mg 21 A 1

R ) S BRI T e R 8 R RN 22 5 F SSE, 4% 3 %)
T3 1. X+ F Langmuir £R BRI B8 g, 7F 293,
303 313 K 3 ™ ik B bif vk 5 T 7= B A7 R A 6 34
i PEI@Fe, 0, WEHf CR J&— 72,
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Tab.1 Isotherm parameters for Congo red adsorption onto surfactant-modified magnetite Fe, O, composite
Langmuir Temkin Redlich-peterson
T/K K,/ 0./ . . |
» . R SSE A B R SSE g R SSE
(Lemg™)  (mg-g™)
293 0.189+0.036 56.9 2.7 0.959 80.9 13.3+1.7 9.83+0.61 0.959 152 0.805+0.057 0.980 38.0
303 0.153+0.016 64.3+1.9 0.987 30.4 10.5+1.9 11.9+0.7 0.933 176 0.885 +0.119 0.990 30.3
313 0.166 £0.015 72.4+1.9 0.939 29.3 12.0+£2.0 13.7x0.8 0.939 73.9 0.949 +0.121 0.990 28.9
%} F Temkin £L#%  R* 7£ 0.970 L) [, {H SSE 70-
{E# . LI AE 45 & PEI@ Fe,0, xf Wl 521 £ 601
WG B Ao R LA O R B R I SSE, EA [ i 50}
T, Redlich-peterson 77 & f& & 41 & &% & 47, N
°0
Redlich-peterson 75 ¢ 5% Langmuir £l Freundlich ) =l ;
= 30 —=—40 mg/L
ity ,0 <g <1 HAEWE 1, WHIHI Langmuir J7 N 50 et
20F - - Pseud%)—second—order
ﬂ%ﬁ- Hliﬁﬁffﬁ];fzjﬁinJiﬁéfﬁil33~ﬁ?‘?:}§§ﬂlﬁﬁﬁf- ] -Elovich
10F . -~ Double-Constant
2.2.4 HFREE W H BB WS A g.“ﬂ)f 5 ¥ -4~ Intraprticle-diffusion

T 303 K IR, AN (] Joi 42 o BE 190 55 21 4% fik i 1]
X B s an il 6 . PEL@ Fe, O, X W 21
R RS o 2 D 3 A B B w0 00 R R A
40 minLAJ5 , W B 3 48 B S0 0488, E A b o A
160 min J& #E AN 3 B B, B B 10 h 5 8 A 1k 2]
P DR 21 0 W RS - I R] AR AR R R
b S R T A G, Ji i B D 40,60 AT 90
mg/ L Y KIS 20559, 4393 £E 100,300 Al 400 min
J SR 2108 B 19 T 22 48, B A 38 ) Bl 25 A R
A Pseudo-second-order equation, Double Constant
equation \Elovich equation ,Particle diffusion reaction
T AR LS

Pseudo-second-order J5 % :

kyq't
G bt (4)
Elovich 75 % .
q, _ In(ap) Ly (5)
B B
Double constant J5 2
q, = Ai®, (6)
Intra-particle diffusion 75 % :
o =K ve (7)

Aok, N REE, ¢/ (mg-min) ;o K WG W FHE
A K, g/ (mg - min) 5 B K W K H %L, ¢/mg; A
Fl ks S BER 28005 K, Sl 97 150380 % 8 80, me/ (g -
min) ;¢ K B R R A LB, me/ g.

1
0 100 200 300 400 500 600 700 80
t/min

B 6 A E NSRS R E T 50 i | 3 IR R iU &
Fig. 6 Effect of contact time on congo red adsorption

at various initial concentrations

ALK 2 WAL anE 6 fiix.

HIZR 2 W] 01,3 AN [) 90 4 Joe o e 8 I 2R 41
I, BUH U Elovich 3l Jf 27485 81 5 AH 5 &R B
¥ K F 0.942 H SSE /).
equationfll Particle diffusion reaction 15 3] ] R® &%
/N SSE R, BE BT P T AR AN BB A Ak M 15 Bl
22 5r FE. KA R A SSE {H , Double Constant equa-
tion I Elovich 77 F# a] UL 5 4 b F50 00 o [i] Xof 18 Bhy
MRS . Elovich J7 72 & 4, 1d B W B2 JE ¥4
W Bt
2.2.5 PEI@Fe,0, 3+ CR B W # A 5 5 #7

W2 B A g e S g X A R A P A 5 - A
B Ei 2 AL A BIE 5, AR A 1 A X 4 7T LA SR AR AN [
T B I 79 73 TiE 2 4. PET@ Fe, O, W B 7K A W 2R 41
AT A A (AG”) LG A (AH®) A %
(AS") %41 12 2 80E i LR A S0 A5

AG" = - RT InK; (8)
AG’ = AH’ - TAS’, (9)

KK, (=q./C) WV R A, mL/g; T
RN BE L, Ky R B SOIK R %, 8,314
(Jomol™"-K™").

Pseudo-second-order
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Tab.2 Parameters of Kinetic models at various conditions
Pseudo-second-order equation 9oty )
-1 -1 -1 .- R SSE
Co/(mg L) quoy/(mgg ) k/(g-mg -min ) (mg-g™)
40 36.6 0.002 17 £0. 000 66 34.1 1.5 0. 827 97.3
60 49.2 0.001 19 £0. 000 48 43.1 2.6 0.777 252
90 60. 8 0. 000 75 £0. 000 23 54.9 £2.7 0. 867 247
Elovich equation 5
-~ - B R SSE
Co/(mg-L7) g/ (mgg™) a
40 36.6 16.7 1.4 0.216 £0.274 0. 966 18.9
60 49.2 10. 1 £2.5 0. 154 £0. 509 0.942 65.9
90 60. 8 23.1+1.9 0.118 £0.397 0.978 40. 1
Double Constant equation )
- - a R SSE
Co/( mg- L ) ‘Ie(my)/( mg-g ) ks
40 36.6 0.183 £0.013 11.3£0.8 0.963 20. 6
60 49.2 0.225 £0.014 10.9 0.8 0.974 29.9
90 60. 8 0.234 £0. 009 12.9+0.7 0.988 21.8
Particle diffusion reaction )
oy o N K R SSE
Cy/(mg-L7)  q..,,)/(mgg™) C
40 36.6 15.9+1.5 0.871 £0. 098 0. 945 63.7
60 49.2 16.0+1.4 1.28 +0.09 0. 887 48.2
90 60. 8 22.7+0.4 1.45 +0.02 0. 957 102.0

AR K (8) VAKX (), 70 Bl 5 A 7] i

T AG I AG X T VR, 58 i B 2R i1 A 2% A
% 3 PEI@Fe,0, 3t CR ZHi W ESH

Tab.3 Thermodynamic parameters for CR adsorption onto PEI@Fe,O,

PR LATEE AR 5 AS”. PEI@ Fe, 0, W Fff 7K o
WIS LT 2 2 HUE IR 3 .

A E./ AH/ AS/ AG/(kJ-mol ")
L _

(kJ-mol™") (kJemol™") (mol-K) 293 K 303 K 313 K
s 34.1 10.7 58.6 ~6.45 ~7.13 ~7.62

TR TR B 25 1035 A 57 A H B 72 ¥ o 1
{E, Ui B PEI@Fe, O, X[/K NIRLL L I 8 F A &
AR RS AE AH SN IE{H, U8B PEI@ Fe O, W} 7K
eI SR 21 I A 7 . R R R0 % SR 21 W B 2
B il B T e I 1 O, 5 S A5 RAH AT B AE AS
NIE AR, 2 BH W BRF O AR R B B, B8 B PEI @
Fe, O, W B WIS 20 J5 34 7 - A m b S v
FREE.

2.2.6 MBEBAEMR

PEI@ Fe,0, %I CR g fff ik 2 °F ffif (303 K,
C, =100 mg/L,t =600 min) , 315 0% [t . 4% )5 FH
AN TR J5 0 AT A O, %o fige WO i %) VR B R A RO
W BRI 55, G5 A WO 23 R WA R 750 174 O o

454 CR 1Y) PEI@Fe, 0, #F 47 H4: M 52 fili H
PERESE, B A 5 RN E 7 . FK | 2T A g g
FAR, UL CR 5 W B FAIVE I O K AE A B iy —
YCPAE 2R U0 B A 12 BT W R R0 3% T 9 1 A
DAY 6 AT — I B . R FHO. 1 mol/L

1) NaOH %5 ¥ n] 5 B CR A A5 fif W B o8 18 i A
MG wEVEA BL PEI@ Fe, O, 322 3 Y Bt/ figf W B
P64 #8 4E J5, W B & 43 5 S W0 46 B 74.5% |
58.7% \55.8% ,7:W] PEI@Fe,0, %I CR W[4 fe
AEE BB A B R WK &, W] PEI@
Fe, O, 1E W B 7 HA R G5 Fe e 1 AR M e
BRI, PEI@Fe, 0, A HEH] T KK T CR 1y
2.2.7 W) R LR WAL AR T

T CR 7 F 458 i £ £ —S0, ~ fil—NH,
FLHT, Y pH BT, W% B ) K @ PET & CR 43+
L —NH, #8 T —NH, © P ] () #
115, 2 BOW BN £ b AR SR AL
B AR T CR O Gueh g BiE, R B2 52 ) (19 25 Rk
Bl PEI@ Fe, O, W fff CR 3= %2 LI AN 2 # L AE
J1. K 8 frs. fEiE B pH &40 F ¥ 4 CR 23+
ZRBE AT W B TR0 2 T 150 W W R A D B K A —
BRI, MR R AT R — Y W BN AR A AR
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Fig.7 Efficiency of desorption and regeneration

about spent adsorbents by various agents
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L WL 53 5 Z T8 o35 [ A
3

&t

W58 45 S 32 B, PEI@ Fe, 0, XF 7K v [ 55 F 42
BERIR L B U7 (1 L BR AR pH O 6. 67 Fl I I
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iR 58.3 mg/g, HKE IR L T e 0 B R R B
FIRZAT G Redlich-Peterson J5 & , W 3l 1 2% £F
4 Elovich 3 Jj 2481 FN 0% B Y, fifi CR %
VR 1 O, Uk B T v B v R, W R O
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Removal of Congo Red by PEI@ Fe,O,Magnetic Composites in Batch Mode

HAN Runping, FANG Liyan, LI Xiaoyu, HAN Minyuan, ZHANG Zheng

(College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. Polyethylenimine@ Fe, O, magnetic composites ( PEI@ Fe,0,) were prepared by a surface overlay
method and characterized. Its adsorption property toward Congo red (CR) from solution was performed in
batch mode. The results showed that it was favor of CR adsorption onto PEI@ Fe, O, with the increase of ionic
strength. Adsorption isotherms from experimental results were fitted well by Redlich-Peterson model and the
adsorption quantity from experiment was up to 58. 3 mg/g at 303 K. The kinetic process was best predicted by
the Elovich model. Desorption and regeneration experiments showed that the adsorbent could retain its adsorp-
tion capacity even after adsorption/desorption cycles, showing excellent mechanical and chemical stabilities. Tt
was implied that PEI@ Fe, 0, is promising in the removal of anionic dyes from wastewater.
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