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FEE LU FeCly S AL FTH5 2 0 28 SR A0 AL TR 6 il 4 7 SR L0 /R PR AR 9 Ok 2 & M kL, T LA O B Ak 39 1%
PR AR (VD) o 43R A X OB AT B (XRD) L F1 45 B 1 8 388 (SEMD L3 5 B 7 S8 448 ( TEMD iR
BhRE R RGBT CVSND X P= ) 9 4500 B 30 5 REPERE IIEAT T RAE . S5 R G WA R 20~30nm K/
NiFe, O, £ Bk A% B S0 2 5 00 A0 35 10 o, HL AR AN G AL 58 Bk 7. 89emu/ g, X8 55 (VDD 15 7K W B BIF 5% =
BT 3 W B SR ZE 60 min P BRI A 80 08 B SF- A7 I BFFA80CSR A 5 ) B 35 5% T NiFe, O, 48 2% L 661 L W B B 1D pHLL %
CVID ) U6 e o 5 R R S5 SR A 52 i, E pH =05 MY 244 Bk /2K AR 4 52 & MOBHAE 30min PYXT 4 (VD Y ok
W B 4y 49. 81mg/ g,

KA R IEE ; BRIRAR; AEISK; EAME

i B E R A TS K HE R e KR R R TS K HE R B K B AR TR — D E K AR R A
ARSI AAYR H 3R, AR X KRG e g R E AN Tz o . HarE AN S R A
Ja& ¥ 7K A B T vk A A R IR AR M A B A W SR S IR S Y B AR O v o
2 LLRUAS D BRAE TR BT Iz N . A W B R R SRR T A R e I R OR 2T
A5 L3 S I B0 R0 IR ke B T 4 J B B R B BB 0 o (B A AR R B RIS AN B B R R AN R A
LB g 52 B BRI PR, R A ELA R L 3 v B i T 7 s R A A 3R 10 4 K A R
AR BB i 75 K A BRI B R E TR TIZ K

e M 2 KL DR FE AT R T R A7 5 b R TR AR K R R M N 5 3 5 A R XS K Th 2 R R 4 E
T K ALY AT B 0 W BEERE D s A MR L BRI AE B T BT 1 2200 AR T 3 s R, R T R 44
KORLF TG 7K Hh 43 B HR R s DT 3K B34 46 35 /K 1 B 09 & 8ok B A & R BT & B B Vs K b B R 22—
T 20 K A B e M R S I A 0 55 Tl A 18 2 7K Ak LG 86 751) o 490 K S Ak 1 ok T WA o B € A S 30 =
AL PR S P A BHESE . Qiao S5V il T HA A M REYE Znla,, . Fei o O, /Polypyrrole & & 44
KM B BFR R GZE G MBS ZnLag o, Fer o O 9K 0K AR b E A B 4 1 W B 7K A B R 00 1 g L 1%
FARET HE A 11 S KW B RTSA B 76. 34mg/ g, S8 B 2 & Langmuir B9 52 W FEAEAY . Bhaumik 45
L A RS A A T R/ DU AR A RN S G AR TR E Y TR (VD RS K BRBUR . BFgE A
7 pH Ry 2 BB BL T L% 200mg/ L 4% (VD KT LA $] 100 26 W B

W SR REY GRAEN AR H AT G &5 KA IRREVE R G YRR, — T R R SRR AW
() JC 35 TCFH ARBUAS G i A S 0 s G VR RE L D) — O TR T R M AR AR R B 43 8 R T A KR
T 1 Y B R T R OB R V5 K W B R L e BRI R L TR A O T s RO R N A s B AR
HVIHE VR BRRR B AN KR RL g SEORE 55 R nk g 52 A A O 1 R I g A K A S R ORE L R S R B (VD H 4
JB& B 5 K B L BRPERE 30 B O M R G R S T K Ak R R AR A
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1.1  #93K NiFe,0, #&

29k NiFe, O, ] 27 SCHRAE AL A3 i BAR G O BRANR - FREL 2. 510 *mol iR AN 1. 25
X 10" mol L PREREHAT T/ WIS  HE A — & it 1 #7465 R 58 43 BB 30~ 60min, 7E 80°C T4 10~12h,
FE AN TR I 7E T i b AR AL B 2~ 3. 5h ARRIAS 5~ 15nm ZRIR 48 K bk},
1.2 #i3% PPy/NiFe,0, #&

1 Amg T TREBERR AN A 10mL Jo/K L EE-IK S 10~ 15min; FfITA 0. 4g FR IR R 4k 22 8 75 4y
i 30~60min J7 s M A 0. 2mL MEIE B HE P 5~ 10min; #] 0~5°C 8/ &40 T, w4k & b 2212 7% i
50mL 0. 13mol/L FeCly /K¥ W , 875 )M 2~ 4hs RO BE PR 8 Il R 16 ~ 18h, il v ¥ FL25 T4 45
YR L YL SCRE Y R
1.3 SR

P I A T D/max-2400D B X G20 AR AT G CH A B2 $E4T 4 BT . k3 oK 3R DB 30 40 M 7E
JSM-6330F #4594 iy, ¥ i G35 (SEMD WL HIE SRR AIE CH A H S22 \)D 3 4 il 289 DY 005 it 4 4k 3/ U
K53l TECNAT G* #3% §f oy 1 5 3 (TEMD MM ORI Sl 4548 CH AR HL P24 5D i o F& 100k V 4
W SR
1.4 SKAIELIEEIT
LAl BEAREM A BC R o B FR B — a2 1 1 40 BT 2 4% R A0 (HILSE7E 105 ~110°C HE+) F 2848 K L o
B TC 1) — 22 20 AN [ e B ) 5% 4 (VD IR W
4.2 CrCVD MRS 43501 6 A4 5omL #E T A A 20mL 9 7 4% (VDD % i CE LSS e 47 i 30
B TR ARV WA R AL % (VDTS 7K S Bl L b 43 3 A 0. 2 R /R IR AR 98 K B2 & A4 ) SR J5 i A 2
PRAVHR 7 o 422 fl W B — 2 B 10 5 BBCEES 43 590 il D R J R ) 2 e ok — k43 D16 016 B 06 6 D i v Cr (VD)
R VR B, I 1 50 0 B o R R R

2 #HXR 5%

2.1 XRD 9 #F

& 1 REE S 41 NiFe, O, (a) \PPy(b) fl PPy/NiFe, O, (¢, d) &AM EHH XRD %K . M XRD KA L)
F i Bl & B9 NiFe, O, 22 & A1 45 #4919 94 K i ki, 20 #F 30.39.35.79,43.25,53.8,57.4,62.8 Fl
74. 76" T NiFe, O, BYSFMEAT & . 4 51018 F NiFe, O, #(220),(311),(400),(422) ,(511),(440)
F1(533) FhTE " . & 1a A J00E 7 75 RE A8 i 45 4l AR 19 NiFe, Oy KA, B4 A7 55 06 5 0, 0 2% & , £ 1A
RS EAR . M 2EY PPy 78 20~30°Z [l A — A 9i 6 . H 20=23. 523X J& PPy B4FAEIE . 107 AS [A] LE 4]
PPy/NiFe, O, & &# K XRD i K5 NiFe, O, A [ F 145 A FME .
2.2 RO

& 2 JE4li PPy(a) \NiFe, O, (b) fil PPy/NiFe, O, fyH 48R . d & 2(a) o] LLFE W, PPy A3t L 5
(R BRCPR AR, L BRRIBURE (1 /N e 38 50 UKL (] B AH JC 17 b 66 45 e RS 2 i — > B AT 2 B 10 AR 1 7 45
. W 2Ch) Hra] DLiE R bR 31 5 BT 440K NiFe, O, 3k R 94 K J0RE ORI E 5) R AR TE 20~
30nm Z[a] HF A —EREE KA R, @ 2o T LUIFEE L 78 PPy/NiFe, O, & & # # b &k R 8 #0 15
223 PPy MU4KER b A M E A D 22 TR EN AR ek R m. B 2(dk PPy/
NiFe, O, B & MBS LI . WK 2d thal LB & F 3, 40Kk NiFe, O, 5 8UEE G M1 2] 8]
S A BRI 50 o TR S 7 2R THT I M TR AR AE A 25 R T 3 o R 7 ol s 1 SRS S I 4 T AE — T
FEL N S RRREAR TAR R Y LR 2 (8] A il 1 3R A LR (R T AR T BN R A B A W ok i e
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a—NiFe,0,
b——PPy
c——PPy/NiFe,0,(1:1)
d——FPPy/NiFe,0,(1:2)

Intensity(a.u.)

20 30 40 50 60 70 80

20 (deg.)
K1 NiFe, O, .PPy fil PPy/NiFe, O, 41>k 5 & #4 %19 XRD [
Figure 1 XRD for NiFe, O, , PPy and PPy/NiFe, O, composites

b B

& 2 NiFe, O, .PPy #il PPy/NiFe, O, [ 45 &
Figure 2 Images of the products prepared NiFe,O,, PPy and PPy/NiFe, O,

K, A 52 36 ) 45 1Y PPy/NiFe, O, & & # ok, 492K NiFe, O, ¥4 43 #7E PPy 4, B i FEAK T
NiFe, O, filh ¥ 50k ) A 5 5 8] B, 440K NiFe, O, 3R] AE Ay itk w38 4 10 A% 7 Bi 38 ik i 3R 45 1) 3R 48 R kL
Rt S TR, R EL A R A 5 SR R T A R T K A B RE A R
2.3 HEMEBESDHR

Kl 3a.b 4 NiFe, O, fil PPy/NiFe, O, 44K & & B 8L 09 0 5 [ L . I AT L Y NiFe, O, 442K
ki 5 PPy/NiFe, O, & & 90 AL T3 H A A 09 800 M BT . 0 RlORL 7 76 % 00T 52 30 10 548 19 I 1
FRAE . H#E NiFe, O, 44K 4 T 5 PPy/NiFe, O, & & 44 K i 1 () i 2# ¥ 5t . PPy & 4 #i i) NiFe, O,
YKk T (Ms=25. 44emu/g) 85 4 J§ PPy/NiFe, O, 44 K BL 714 F1 7% AL 58 & (Ms=7. 89emu/g) B & ,
ULBA T PPy 52 J5 B 0 38 i 25 5 BORE A 50 B (M) i Bl B AR, X 5 - e Mg KRB T4 2 — 2Bt
il M 52 2 (0 0 1 8 R IR AR G 4508 — 3 . Tl 3¢ i PPy/NiFe, O, & & M BG4 8 (10 B R 7 LLB
e FESNINRE IE BT A AR AT LA R0 B Xk S A JE A (VD T K M BE I e i B it T
SN
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=30 L 1 L L n n L 1 n
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3 NiFe, O, il PPy/NiFe, O, 147 nl £k
() &FBIEHRE S s (b)) /NE IR (o) PPy/NiFe, O, &G+ #0975 5
Figure 3 Room-temperature magnetic hysteresis loop for NiFe, O, and PPy/NiFe, O,

(a) full range of magnetic field; (b) small-scale magnetic field; (¢) magnetic separability of PPy/NiFe, O, composites

2.4 Cr(VI)i57kAbIB14RE SR
157K Cr® g B 238 A0 08 Bt A 0 SR B R e 15k — DF 20 6 BE M A o oo T K Cr® W 0 vk
(mg/L)  i57K e AL S 7 ¢ BFZI5 K Ce " (R BEN ¢ (mg/ L),V 2 Cr' " I AR FR (L) m
W o6 3510 7 o () o TR 238 (OO IR B £ (VD 43 ) e A 2 (D FH(2) 1H 53
C=1[ (cy—c)/cy] X100% @)
qg. = [V X (coc —c)]/m (2
2.4.1 BEBISWHMECRE %1 R4iny PPy.NiFe,O, fl PPy/NiFe, O, %t & Cr'" 57K 30min 11
B, AER 1 BEHE T LUE L 4l NiFe, O, XJ ¥ BE (500mg/ L) B & Cr® " Y5 7K 7E 30min P (4 b BESCR AR
55,11 PPy X} 500mg/L Cr"" 15 KA B 5 PPy/NiFe, O, & & MR A 25 A K # B AT 135 1 S BRACR
XF 500mg/ L f& Cr' {5 /K B R ¥38 %) 990 Lk .ttt v WL, PPy fil PPy/NiFe, O, & &M &% & Cr* " {5K
R EA B FBR AR HL AN TR H 38 24 1 PPy/NiFe, O, A MBIRES Cr' T 157K (Mg B 225 AR /N, A
W B et (R 25 S T L 4l NiFe, O, gRBIURIN & Cr' ' T5 K Ab BRI AR (E A 5 PPy B & R &R
S0 A BRAGSE 3 T BB P A A U IR RGN k. HLAR Al PPy X Cr TG K B R W BRE R (H g4 oK
NiFe, O, i )5 | AR KBS T E A MR RETERE . 20/ 0 & G A RH S B 53 B 3R A 5]

#& 1 NiFe, O, 1 PPy/NiFe, O, % Bt =
Table 1 The absorption rate of NiFe, O, and PPy/NiFe, 0,

PPy/NiFe; O,

PPy NiFe; O,
1:2 1:1 2:1
AbFERT CrST ¥R BEE/ (mg-L™ D) 500 500 500 500 500
AR BEJS CrS T ¥ BE /(mg-L~1) 2. 89 483. 6 1. 00 1.38 1.17
W% B 5/ (26 99. 4 3.28 99. 8 99. 7 99. 8
% Fff i/ (mgeg™ 1) 49.7 1. 64 49.9 49. 86 49. 88
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2.4.2 WEISWEMARICHR A Cr MU 500mg/ L W B By 298K W B 551 FH 2 4 0. 1g 19 4514
T o 2 SR IR R () X W B R B sE . i 2 AT E L PPy/NiFe, O, 99Kk & & M EHMUAE Smin XF Cr° 1Y
W BfE SRR 3 95. 5 %6, F BT R 4y Cr® FE AR 58 1 055 1) N 56 P LA B W R 5 76 30min fiff Cr® " 1) W B R 5
99 % s FEAEE T WL B4 . BB PPy/NiFe, O, 5 A 4 B R 50 R R 47, 78 B8 08 4 sF 18] P9 gl 7T LA 3 21 0% ff
P73 40 BE 180min i Cr'" ¥k B M 500mg/L FEAR #] 0. 21mg/L, Bt A i X F B K B & 09 HE i Ax e
(GB8978-1996, i 4% & = 1. 5mg/L, Cr'" & =< 0. 5mg/L) . M W% Bf & A9 52 56 B4 o] & . PPy/
NiFe, O, 448k 5E & M BHE 30min g € 35 20 1 FT0 B 160 AT B 58 49. 81mg/ g 4E K W BFF R[] X6f 1% Bff %2

ez,

2 B iE) X OR P 2R Y R0

Table 2 The effect of adsorption time on the absorption rate

2 B B 1] 5min 15min 30min 60min 180min 360min
AbHiFT Cro" W/ (mg- L™ 1) 500 500 500 500 500 500
AhFRFE CrS T i/ (mg-L™ D 22.51 4. 69 1. 86 0.612 0.21 0.05
W B/ 04 95.5 99.1 99. 63 99. 88 99. 96 99. 99
% B i/ (mgeg™ 1) 47.75 49.53 49. 81 49. 94 49. 98 49. 99

2.4.3 pH 5WIEE R £ 38 PPy/NiFe,O, (1: DK E S MBFEARF pH T XA Cr' ' 15 K4k
B 60min M RBRACR . B3R 3 ATE N FELEMIKA pH Y5 H A, PPy/NiFe, O, 41k &E & # BHFE 60min
Xt Cr® " i W B3 24735 3] 100 %0 HLFE IR [R] 60min P, ¥4 8 58 4 A 31 W BFFSF- 47 16 A0 B 28 50mg/g.
H L TT LA %A BTG K A AR R pH BERARME T LAFESE #9819 pH JE FBlIE HH . o] DLz b kL E &
fEF AR AR5 K A .

®3 pH T URM M
Table 3 The effect of pH on the absorption rate

pH 3 5 8 10 12

JOFRTRG Crft e B/ (mge L~ 1) 500 500 500 500 500
REPRJE CrS* ¥ BE/(mg-L~1) 0.051 0.12 0.11 0. 30 0. 36
W BfF R/ (0D 99. 99 99. 98 99. 98 99. 94 99. 93
W% B/ (mge g™ 1) 49. 99 49. 99 49. 99 49. 97 49. 96

2044 BV IR SRR G R LR MR RE D9 298K I B I ] S 60min ., W B 550 I 4 0. 1g
M2 AE T B 56 Cr® " IR o B X W B RCR B 52 . KSR 5 AT L, 24 Cr® 40 4R Wk B 7F 100 ~1000mg/ L
Z B AR A W R AR A 99. 90, FRIUIEIZ MR B IX ] R h g " AR 8 42 Bk, X G i)
RV IS F] 2000me /L i, W B 3 52 R B H L X AT RE R K O PPy /NiFe, O, &4 B4R b I 7 5 14
TR —E Y BEA TR o™ SO A 3G W R 3K B A A L T B RE ) R R . D340 il T EAR TR AR
(1 38R S A P L 9 I K T RE S B BRI LS (Y S5 0 L S BOW M RE O R RN L TSR TR Y & Crt s Kk
FERS T TR Z BB B R & D52 TALHEOR 24 BB 3% Cr® 5 KR . AT L. PPy/NiFe, O,
UK A B T i e R A 5 4% T K B A B ) A PRASCR L fe R I BRS HEIA F 175, 14mg/ L

PRLIEG A S 56 L A R 494 DK B T B A iU L A B P A R o 0 B S K R AR A Kok 1 19 20 B2 B JE s
PR TR 0 24 K S5 B ORE AN A k38 1 R TR B N KR 1 14 23 BB  [RD I o 35 G B /K AT AR o 1 25 4k B A
TR ) AT LR AR O JRK Th R EE . L PPy/NiFe, O, 99K G APRTE S Cr' K
RZ Y Ak BT T A 2 )32 9 I A
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Table 4 The effect of initial concentration of Cr®t ions on the absorption rate

IEFRFT Cré " ¥/ (mge L™ 1) 100 200 300 500 1000 2000
A JE CrfT ¥/ (mg-L™1) 0.022 0.029 0. 040 0.051 0.19 248. 63
g B2/ (%) 99. 99 99. 99 99. 99 99. 99 99. 98 87.56
Wz Bt/ (mgeg ™ 1) 10. 00 20. 00 30. 00 49. 99 99. 98 175. 14

3 H#

(1) SR LA BR PR B A KOBE O A% A 8 A JHL 3 TR b P 290 0K 52 B ) il e A A% R 3R i s

XL AR 45 4 ) I I A 1D 228 80 0 R

(2) TR /BRI AN K G BRI W P i Cr® " A AR L 1 23 BRI S W B 3k 1) 1 iy 1 ) J62 . e £

B R R 2% A S - 20mL A Cr® 3 W W BRE 590 FH B 2 0. 25 W BRI 1) 4 60min; Cr®" 1 WA W0 4R W R
500mg/L.pH=2~12 Z[a] JFE % 5514 T W Ffh R mT ik 2] 99 %6 LA |
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Preparation and Application Research of Polypyrrole/NiFe,O, Composites

SUN Wan-hong'* , ZHU Li-yun*, YAO Shao-ming”, MA Hai-lin®, AN Hong-wei’
(1. Experiment Center of Northwest University for Nationalities, Lanzhou 730030, China;

2. College of Chemical Engineering , Northwest University for Nationalities, Lanzhou 730030, China)

Abstract; Using FeCl; as oxidant and dopant, polypyrrole/NiFe, O, composites were prepared by in situ oxidative
polymerization to remove high concentration Cr’" ions from wastewater solutions. Structure and morphology of
polypyrrole/NiFe, O, composites were characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). Their magnetic saturation values were determined using a vibration sample
magnetometer (VSM). The results show the composites structure was composed of a polycrystalline NiFe, O, inner core
(diameter 20~ 30 nm) and outer shells of polypyrrole. The magnetic saturation of polypyrrole/NiFe, O, composites was
found to be 7. 89 emu/g. The adsorption of polypyrrole/NiFe, O, composites for containing chromium(V]) sewage indicate
that the adsorption possesses can reach the adsorption equilibrium within 60 min and have the excellent adsorption capacity.
Other influencing factors such as doping ratio of NiFe, O, , adsorption time, pH and initial concentration of Cr’" ions were
investigated. The maximum adsorption capacity of polypyrrole/NiFe, O, composites for Cr'" is 49. 81 mg/g within 30 min
under the conditions of pH=35.

Key words: Polypyrrole; NiFe, O, ; Containing chromium( V]) sewage; Composites
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