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Preparation and Oil/Water Separation of Co-Ferrite/Expanded
Graphite and Its Polypyrrole Composites
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Abstract: Cobalt ferrite/expanded graphite complex particles (CF/EG) and cobalt ferrite/expanded graphite/
polypyrrole composites (CF/EG/PPy) were prepared by chemical co-precipitation method and in-situ emulsion
polymerization, respectively. The composition, structures, morphology, electrical and magnetic properties, and oil/
water separation property of samples were characterized by means of modern analytical techniques. The results
indicated that CF particles embedded in layers of EG, and there was some interaction between the core (CF/EG)
and shell (PPy) in the CF/EG/PPy composites. The oil/water separation effect of samples was proportional to the
spacing of layers in EG, their sequence was EG >CF/EG >CF/EG/PPy. The CF/EG complex particles with
magnetism could be easily recovered and had good performance for repeated use. And its efficiency by cycling of

five times was not less than 90%.
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AE o IR BK A B (R R RS | T LA A B Bk A B 1 [
ORI A R, 3T Ry AR A SORE G 1 B R 47
(A R SR 5 R K A B 52 oD T il Ak AR A/ R i
A B2 A WORL(CF/EG)A F T 18 Ik A 3 (EG) i [l ik
I e g 3 L £ 055 T EG 19 H &2 ol AL JRnik
W (PPy) LA BT e 2 T e IR R 4y 4%
R H] PPy (4 CF/EG REMERURL , W] 3R A5 1l 7K
53 B VERE AT 0 BRI ik A A R T A )
(CF/EG/PPy),

1 SEEHES

1.1 i Fl

Co(NO3),+6H,0,Fe(NO,);-9H,0, L /K LB, + =
Jot SR 12 (DBSA) , 33 i iR 4 (A PS) Fl & 48 Ak ik 46 #40
bt T | D U S 2B | Bl w3 S T Y i
1.2 BERAZEEG) &

IRUIE ] B K A1 SR AE 700 CCALHE 15 s, R4S
¥ Bk A7 85 (EG).,

1.3 $HESE/EKAEE S HBL(CF/EG)R T &

FRIC—E B 1Y EG 4380 T3 & 1 oK Sl
MR AL FE 6 h, 4% CoFe,0, fb2F T it LG E B R IBGE
1) Fe(NOs);-9H,0 .Co(NOs),- 6H,O , HIZE 1B /K 75 fift S8
TGRS IMA B A B L BR A, Frelii bt
0.5 h; H 1 mol-L™ NaOH ¥ W #4757 pH {H 29N
10,80 CAEEAS Y 2 h, ¥ =, R o B FF [
Y E T 80 CT M ZEHH 300 CH4s 2 h, RIS
mug Imee TH 53514 0.2.0.4.0.6 0.8 1.0 14 &l £k S 14/
i Ik A1 5 52 B TR (CF/EG)

LA 2 P WL IH O RN Tl i 6 P M e AN
W2 3 250 S A X B8 1 CF/EG (m /mp=0.8) TORE il 25
CF/EG/PPy 5,

1.4 $HESE/F KA Z2/RILIE(CF/EG/PPY)ES
W &

F A FL R & ¥ 45 CF/EG/PPy & 1,
FREL— & &8 1) CF/EG (myc/m=0.8) & & WOkL , A
60 mL T ZHEHEABEFR (0.01 mol- LY, HHMA 1 mL
ML BA  FEZERERE 30 min B ST, K
F1R) 3 T R e AR (5 G s B 4 ) B 1 B LA 101) %%
PR N E] AR ZLE T (30 min AT INSE L), 0 °C R0
12 h J& 8 2 F0R 52 R g R e K 2
B IR ZEIRK Ve P 80 CCHLAs T R H T
RA5H Al SR/ B2 K A B8/ R LW 52 5 W (CF/EG/PPy),,

R Bk 7 vk il & PPy 1Y T 4 B (o) 43 9 N
10% .30% .50% . 70%%1 90%1) CF/EG/PPy 54,
1.5 H-KkHSBEXER

B VR Bl 20 mg- L1 0 48 T — 7K W, R AT 5%
SISO 2, i S G i R W AT e BT X 87 ) G T
il & BE 43 914 1 mg L5 mg-L" 10 mg-L™ 15
mg-L7".20 mg- L7 25 mg- L' WSl KA, e
WOCHE, dilprEm e 351 50 mL W EE N 20
mg - L™ [ 5850 — K W i A — 2 5 19 EG .CF/EG
HI CF/EG/PPy FE &k BEFE A # 8 IE RE 5 AL
B ) R S AT TR+ O 2 ot 2 ok (RO R 7 =)
PERE
1.6 HRHEKMESF A

4 10 mg CF/EG ORI A 2] 50 mL ¥ R 20
mg- L™ (9 58T AV W TP R AT MK o B SR
SN FE 1 U B DR RE LR T 20 mL B O
ot PR 1 (B 25 W BV b DB EE A B R A
3K HITEK SR R ZR AR /K U Uk Il Wi R o 22 v
PE,80 CHZ TR T 1 iR W -t e B ik
T 2R EE R,
1.7 #HmBRE

FH Philps-PW3040/60 %! X4 & 177 5 43 5 1
i AR 254 | Cu Ko %8 45 (1 =0.154 056 nm), T.1E
HLEN 40 kV, TAEHHN 40 mA | 45 F 20=20°
~80° ; Hitachi S-4800 % H1, 49 4 1% il 54 (SEM) WA
B i B JORE ROST RTOUIE S, #RAE Rl 50 kV
TGA/SDTASS51 BRI H 3 M AT Sf A it 1) Uk B — JoT # 78
R (AR, FHRHE R R 10 °Comin™', = i~
700 C), 37 - £L A &AL (FT-IR , KBr Hs F, 49 4
78 [l 400~4 000 cm™) 10 AL A IEL AT ;SDY-4
AU BRI S R FE S H S R Lakeshore
7404 YR SAE S RE SR THR I AR 7E R T R
fi& . FH Shimadzu UV-2501PC 8 5h—11 WOGi%AL (L &
TR R, FHE I 200~800 nm)ill 1 H—7K 44K R
HR T A AT B

2 RS

2.1 XRD &7

Kl 1 /& CF/EG/PPy & W) 1 PPy 9 XRD K,
M 1T TR CF/EG/PPy 5 W 1E 20 1 18.04°,
22.79°,26.63°,30.50° ,35.95°,54.67°,63.39° &b i B
T W (a~e) , Fori | 22.79°40 1 5 WE VA JE Ol PPy 19K
BT ST (), 26.63°,54.67°XF 1 T EG(111)F1(222) i
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T B9 45 AR 0% 107 18.04° ,30.50° ,35.95°,57.10° ,
63.39° 5 N HREAE U B 43 51 6 T CF O (111),(220)
(311) . (511)F1(440) & i (PDF No.22-1086), [FlH, b
& CF/EG/PPy &Y PPy & & Y3 I, PPy 147
fIE V2 AR 5 ARG LA 125 S m] UHEN , 265 02
H EG .CF #l PPy & — & Hu i 52 51 i
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Fig.1 XRD patterns of CF/EG/PPy composites with @y,
of 10% (a), 30% (b), 50% (c), 70% (d), 90% (e)
and PPy (f)
2.2 LI5MiE
&l 2 24 CF/EG/PPy & & ¥ (a~c)Fl PPy(d)fW£L4H
Gk, 7E PPy 3B (d)H,3 423.49 em™! HiAEIA N
L N-H i 4% 2h 1% 1 556.23 em™ 4 Mk 26
o C=C 4R35 ,1 191.10 em™ 1 1 047.81 em™ 4
&N C-H N E Hi#E3h,915.79 em™ iy C-H M4SN
Mh¥xzh, CF/EG/PPy Z & WML ML (a~c) S PPy
FEAAAL PR 3423.49,1 556.23,1 191.10,1 047.81
F1915.79 em™ Kb AT U J&E F PPy MYRRAE I Wi g | H.1y
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K2 ww N 30% (a).50% (b).70% (c)HJ CF/EG/PPy
Z AWM PPy (d)ILLAMGIE
Fig.2 FT-IR spectra of CF/EG/PPy composites with wpp,
of 30% (a), 50% (b), 70% (c) and PPy (d)

AR W ER , HIFE K2 TE PPy 5 CF/EG
BA MY CF/EG kit PPy 8568, BEilZ
IF1] 1] e A7 AE 0 A2 B A R o 1 IR AR VR A ok As T
PPy §if =B, B 1Ak Y O R
W FEE GW MR ER , X R R
W] PPy X} CF/EG fHORL I AN S fa] PR ) FRALAT | A1
ZIERAT —ERMMEAER, A, CF B A
EG WJZ[H , H PPy X} CF/EG TR A B AF B EH
WCE B2 A S B WA WA B CF R DY T AR A
(600~580 cm™) I /\ IHi & 17 (440~410 cm™)M-O 1)
SRR B
23 HMRE

Kl 3 J& CF/EG (a).CF/EG/PPy 5% (b.c)Fl
PPy(d)y R EAT A M2 . MWIEH & CF/EG(a) T
EG 7849 AL R TRLEE 55 F 550, 5% B3 W0 1) JoT 4 53 5K
2 62% , FE N CF A1/ 5 185 ; PPy (d) 19 53 fifk IX. [1]
4 230~650 °C ; CF/EG/PPy (b o)W # K T £ L L)
P BL . 7E 230~550 °C X [H%F R T PPy 43+, 550
C 2, FERE EC WEA, NE ik kB, CF/EG/
PPy 5 G W)Y BR A ot i s o T BRI (E, BRIk A
YIBR T CF 4b i F /DB , IX AT REJE BT PPy,

EG PRk A SEREAL TR
100 4
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3 CF/EG (a).wm A 50% (b)F1 90%(c)) CF/EG/PPy
AW PPy (d)ry# R T T 4L
Fig.3 TGA curves of CF/PPy (a), CF/EG/PPy composites
with @, of 50% (b) and 90% (c), and PPy (d)
24 SEM
[ 4 5 PPy (a) .CF/EG(b) Ml wpm, A 50% M CF/
EG/PPy 5 & W (c .d) W 44 FiL - 5 S8 (SEM) 8 J7
M 4(a) AT LA PPy B F- L T38| IR A A
[F] 5 1 A1 2R 5 &1 4(b) i, CF BRI UKL 4 b, 73 B
TERZ AT 55 7 2 18] 5 B d(c . d)&R W], PPy TURAE CF/
EG BL BT, X H 7 4 T B8, RIDE
—F 2L CF/EG A% M PPy I AY
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Bl 4 PPy (a) .CF/EG (b)Fl wp, 17 50 % 1) CF/EG/PPy 55 #)(c .d)if SEM A
Fig4 SEM images of PPy (a), CF/EG (b) and CF/EG/PPy composites with wp, of 50 % (c, d)
25 BEXR LT A A 2 A AR RN O 5 R

#1915 T PPy EG .CF/EG Fl CF/EG/PPy &
FYIRE SR, R 1M, CF/EG B TR EG
R, By EG 2 RS CF 242
Y g /mee (3N (<0.2),CF KL F7E EG 2 7]
Y 2R A AR AR T, CF/EG B LS 532 EG &
) ST s BEE mue/me LAY SE N 70 5 e il HE T 3
73 C R 5 AT BEHR A E CF KL T Bk | AR 42 1
BB LICE KL 7T il i 26 2 1A 5% A2 Sy Ak TR o7
T EG JZAH CF AT REE B BRAE M, S EEG

#*1 PPy.EG.CF/EG.CF/EG/PPy EAYIHBSE
Table 1 Values of conductivity for PPy, EG, CF/EG
and CF/EG/PPy composites

Samples Conductivity o / (S+em™)
CF/EG/PPy ww=10% 0.531
wp,=30% 0.130
wpp=50% 0.792
wp,=70% 1.302
W, =90% 1.134
CF/EG mi/ me=0.2 82.99
mye/ ma=0.4 141.84
mi/ mg=0.6 512.82
mye/ me=0.8 588.235
my/ me=1.0 523.76
PPy 2.933
EG 110.497

23 RBRIG IS . CF/EG/PPy 5 YIBE PPy & & i3
22 Se /N E SIS 0, <30%, >
CF/EG UKL 3Z 3] PPy 1378 )5 A0 B9k b B | L v )
KRR | H CF/EG TRt 233 43 BH %€ PPy 1 F:F
WIE, W GRS REE o, BRI D
M wpn,=50%HF, BT PPy & &, PPy X CF/EG
TIORL AL B LA 52 PPy W & L KR &
WS RN EERE, BEE PPy Fitiy it — 3
i, o SRR T PPy, CF/EG/PPy Z A Y H S
F AU PPy Fl CF/EG Z M7 1E & LB A%
AR EAEHT
2.6 HElERE

R 2 T AE mys/me (I CF/EG RETES
., 5 CF M, CFEG & & WOR: i i F g A6 s 2
(M) EAA ERE EG & (3 5 S/ 5 1 K i AR

%2 CF 1 CF/EG B M, #1 H,
Table 2 M, and H, of CF and CF/EG

Samples M./ (emu-g”) H,/ Oe

CF 58.79 669.85

CFEG  my/my=02 14.44 469.73
e/ me=0.4 11.00 482.93

e ma=0.6 11.29 441.16

mye/ m=0.8 16.86 275.23
mye/m=1.0 11.69 680.37
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658 mye/ma=0.8 B FESL Y M, ik B EcR, HEE
AR . — i AERETE EG MM AT RER CF B
YRS T MR BEAEN, O —Jr i EG Al CF /Y P
[FYEH (CF #E EG JZHMA T HES , i EG 28] T
CF MREAR) (AR S M, IR B K,

Kl 5 45t T CF/EG/PPy B & WHE N H#3% T
(g M2, B S FTAL, wp, 9 30%1) CF/EG/PPy
HEYH M, wm 8 T0%0 8, XZEFAEZEY)
1) M, 5 0GR 20 1 3 AR DG IR R RE M 1Y PPy 1
R AN FEALEAE CF/EG KL 1, IR X2 G W)
Wi vE R R B M BAE T, SRS PPy J5t &L 4 A 1
M,

N
N

(®)

(=}

Megnetization / (emu-g™")
o
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K5 ww, N 30% (2)F1 70% (b)) CF/EG/PPy E5 Y
) G i [ 2k
Fig.5 Hysteresis loops of CF/EG/PPy composites with
wm, of 30% (a) and 70% (b)
27 HBAKHEB
271 BRI IRV B R R 58 Ah— AT DL WS K 1Y)
g

HC iR FE R 20 mg- L B9 52— /K WY, 38 5 52
A~ AT UL ST e G i DR TR A X 7 7 9 K R 223
nm( T T8 R0 A 70 2 I 1Y)

T il — FR A0 e B 1 Sk — K A U, T HE 2R b
WG 13 B bR HERT 2 A=0.042 8+0.008 8c,R*=
0.986 9 HiHt ¢, A 435l Sy 5 it — 7K Vi Y 114 Ve JEE
G R AR,

2.7.2  EG WYk sr B PEGE

£ 50 mL ¥ A 20 mg- L (9 583 —7K 3% W
T[] 0 o (4 B2 T A 5 e SR A O B 45
K 6 s,

HIE 6 Al 1 B3 EG In A& B3, 59k -k
VR e P B B A . A TE 50 mL M 20 mg-
L 0 52— KW h A 10 mg I A 85 3 W)

WG RERE R 0.037 6, 43545 HIZ S8 il — /K W
SEM B AT BN 1.0 mg- L, fF A E R
TG K HEBORR #E (10 mg- L), BB EG B AT R 4F
M 7K 43 B M e

0.254

0.104

Absorbence / a.u.

0.054

0.004

00 25 50 75 100 125 150
Weight of EG / mg

P 6 Sl —rKIE WS S 7T LR BE G 5Tk A2 Ak i1
il £&
Fig.6  UV-Vis absorption depend on EG mass for the
oil / water solution
2.7.3  CF/EG Bk 5 BT fE
1 50 mL ¥ B4 20 mg- L B 5430 - /K 0 b
INARIR T 2 1 CF/EG(mye /me=0.8) , I 72 52 HM i
B RN 7 R,

0.25
0.20
o 0.18
£0.16
0.20+ £o.14
. Zo12
3 <0.10
E 0.15 0085707 0% 0z 10
g megime (&9)
B
2 0.10
<
0.05+4
0.00 T T T T T T
0 5 10 15 20 25
Weight of CF/EG / mg
Bl 7 Seah K W B 28 Sh—TT IR RE CF/EG ot
75 A 1 i 22

Fig.7 UV-Vis absorption depend on CF/EG mass for the
oil / water solution

Bl 7 B B FE ST 3G kK W
4 v BE B /), TRIFEAE 50 mL MR EE R 20 mg-
LA S50 — K B R A 10 mg 1% & A Ok 1 T
B W ' BE R 25 0.094 2, 2815, S8 i — /K 78 TP
FIAERXT & 84 5.9 mg- L™, fF6 B ZME mh2ETs
IKHEARHE (10 mg- LY, RUIXE A ok B A 8K
L (R 7K 53 B g

4 KT 3R 2 , CF/EG 5 4 TORE Y 3 7K 43 15 35 2R
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(L5 55 B) 5 myg/mee (EBGE o BAR {22
E mye/ma=1.0 B, FEEEIBOLE (0.0903) F my/
me=0.8 FIAE I 71N0.094 2), Il 7K 7 B 3R A 22
AR ABJEFHN M, WWETE RS2 Bk 55 %
JFERE T K A B RO RN RSO (8 (M, 3 K) &
%, HEH my/me=0.8 ) CF/EG & & WOk il 4 CF/
EG/PPy & & W2 LA & B
2.7.4 CF/EG/PPy &AW1 7K 53 85 P hE

1 50 mL ¥ B 20 mg- L 09 5430 K 50
JA 10 mg wp, AN FH) CF/EG/PPy 451, HE5b
W' B2 1 N 25 SR AN 181 8 T/, F L AT o, A ]
i) CF/EG/PPy AWKy B fefr e 25 &
E Wb PPy ST WK AY B R BRI Bl 7E
50 mL ¥ R 20 mg- L™ (9 58 —K WP imA 10
mg wp, A 30%11) CF/EG/PPy K41, 58 1 W6 B
B 22 0.120 3, 21530, 29 31— 7K ¥ W v 558 il 1) A T
THN 8.9 mg- L, WAFG M E B 275 AKHE
ARUE (10 mg-L7); TEME AT 0m, A 10%11
CF/EG/PPy &4 ) Al {12 4% i — 7K 15 W 1 5% T 14 A1
XF i HFRAR 6.7 mg- L', PGl P 52 5 4
PPy 19 £, AT I ofe b RO [m] e 85 1) 5 ol B 7K

0.24

0.22 4

0.20 4

0.18 4

0.16 4

0.14 4

Absorbence / a.u.

0.12 4

0.10 4

0.08

90% 70% 50% 30% 10%
Content of PPy in CF/EG/PPy

[ 8 SEIM—/K VW 1 58 b -] W W B CF/EG/PPy
KA ww, 22 ALY 2R
Fig.8 UV-Vis absorption depend on wpp, in CF/EG/PPy

composites for the oil / water solution

2.7.5 EG.CF/EG .CF/EG/PPy I/ i1 fig th 3%

Zi b AE 50 mL VK EE R 20 mg- L7 B S0 -7K %
W a3 A 10 mg EG .10 mg CF/EG #1 10 mg
o, N 10%1 CF/EG/PPy 5264, 5l — K& W b
89 AR 2 2 25 /N T ] R E 1 3 288 75 7K HE RO
(10 mg- L"), 45 R0 3 fiom

136 3 4R, 3 AhialRE 1 7K 43 B ROR & . EG>
CF/EG>CF/EG/PPy, W HeJe . — 7,3 ik

%* 3 EG.CF/EG.CF/EG/PPy & & i) Wit 1 ¢ LL B
Table 3 Comparison of the oil absorption property
for EG, CF/EG and CF/EG/PPy composites

CF/EG/PPy
Samples EG CF/EG
(wpp=10%)
Dosage / mg 10 10 10
Oil-water volume / L 0.05 0.05 0.05
Concentration before
20 20 20
handling / (mg-L™)
Concentration after
<1 5.9 6.7
handling / (mg-L™)
Adsorptive oil mass for
>0.095 0.071 0.067

samples / (mg-mg™)

FE MK 53 88 T BAKH T EG AW, X FAH [
JEHE A 3 AR IR He e AR EG AR X
& EG .CF/EG Fl CF/EG/PPy WJF I/ | ik 7K
O3B ROR AR LR RIFN Oy — 7 I B kA s
XTI A W BRE S S S R S B Tl S W o S
W B 7 2 Bk A B 0 R LA I Bk B8 10 )2 ) 25 R
B T CF/EG E & Mokt Y CF i A3 EG JZ
] (1 2 Bt 22 1), 08 T CF/EG 1 EG LB
FUZEZS B2 DT D 1 FE A7 A T 28 9 o 1 23 ] |
i CF/EG 56 WOk iy Wi P g L 26 EG A ; X5 T
CF/EG/PPy &), BT PPy A 1E CF/EG R,
i s G ey EG L BRI 2 8] 28 Bk — 20 )y
i CF/EG/PPy & & ) 1) WL M fig e EG Al CF/EG
HRAK , HAR CF/EG B9tk 73 B PERE L4l BEG 1K, (H
1 0 A R LS 3 O R R 4
DS EL W CF/EG ik 43 8 0 T 5 A R A E
2.7.6  CF/EG [ 52 1 ROk

% 10 mg CF/EG M AF] 50 mL ¥ N 20 mg-
L1 25 91— 7KV W 2R AT 22 TR U AT — I A o i 5 )
FHAZE W s R W3 4,

F4 CF/EG EE 1M RibiEee
Table 4 Oil absorption property of the CF/EG

complex particles reusing

Numbers 1 2 3 4 5
Dosage / mg 10 10 10 10 10
Oil-water volume / L. 0.05 0.05 0.05 0.05 0.05

Concentration before

handling / (mg-L™")

20 20 20 20 20

Concentration after

handling / (mg-1.")

59 6.1 6.2 6.4 6.4
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LAl L ,CF/EG &ad 4 REE A H
HIG SRR T 8.4% , HA B I 5 42 1 5%

o

c

& i

w

FH Ak 27 0 UE 1% A0 DA 2L V3R A5 vk L o
T CF/EG & & ok flk -7 4589 1Y) CF/EG/PPy E &
Yy FHBUARIN R AL AR FAE T FE 5 1) 45+ Al — g v
AE 75 5 K WP 2 Bl A — % B 1) EG . CF/EG
Hl CF/EG/PPy #E it , Hl 7K 43 85 80U N . EG>CF/
EG>CF/EG/PPy, SR CF/EG MK 73 B P R 2l
EG & HHT & 5 # A S MR A . o, AT
() CF/EG/PPy & AWK 4y B Ve e fFfE 22 5% &
HWh PPy SR, WK BRI, B3
A Brrh 255 WFH CF/EG 54 WORL I Tl K 43 25 1Y
RIS FA R,

S

[1] Kong Y, Yuan J, Wang Z L, et al. Appl. Clay Sci., 2009,46:
358-362

[2] Toyoda M, Inagaki M. Spill Sci. Technol. Bull., 2003,8:467-
471

[3] MENG Guang-Yao(# )" ##), PENG Ding-Kun(3Z & #). Chin.
J. Nature(Ziran Zazht), 1996,18(3):151-155

[4] HAN Zhi-Dong(#i & %), ZHANG Da-Wei (5K 35 &), DONG
Li-Min(FE il 0), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2007,23(2):286-290

[5] WANG Lu-Ning(E & T), CHEN Xi(Fk %), ZHENG Yong-
Ping (¥ 7K °T*), et al. China Non-metallic Mining Industry
Herald(Zhongguo Feijinshukuang Gongye Daokan), 2004,5:
559-562

[6] LIU Lan-Xiang (X 2 %), WANG Yu-An(# E %), WANG
Lun-Sheng (#% ¥ 4 ), et al. Chinese J. Inorg. Chem.(Wuji
Huaxue Xuebao), 2007,23(9):1667-1670

[7] Chen K'Y, Chen X, Li L. C, et al. J. Mater. Chem., 2012,22:
6449-6556

[8] Li L C, Chen X, Qian H S, et al. J. Mater. Res., 2011,26:
2683-2688

[9] CAO Nai-Zhen(& J1%), SHENG Wan-Ci(PL 71 Z), JIN Chan
-Bo (4 1% ¥ ). China Environ. Sci. (Zhongguo Huanjing
Kexue), 1997,17:188-192

[10]XU Zi-Gang(#& T W), WU Qing-Zhou (%= 1& #l), WU Wen-
Bin({fi 3CK). Non-metallic Mines(Fei Jinshu Kuang), 2003,
23(4):33-36

[11]JCHU Mo (#] %), REN Sou-Zheng (1E 5¥ ). Coal Process.
Comprehen. Utilizat. (Meitan Jiagong Yu Zhonghe Liyong),
1999.5:19-23

[12]ZHOU Wei(J& 1), YAO Heng(JE1H), HU Xiao-Fang(#] /)
J7), et al. Technol. Water Treatment(Shuichuli Jishu), 2001,
6(27):335-338

[13]Dedov A V. Chem. Technol. Fuels Oils, 2005,41:496-498

[14]WANG Hong-Xi(E % &), WANG Hong-Xia(E % #), XUE
Li(f2 ). Carbon Technol.(Tansu Jishu), 2004,23:21-25

[15]ZHANG Yan-Qing (5K % &), SUN Qing-Rong () IK 7). J.
Inorg. Mater.(Wuji Cailiao Xuebao), 2008,23:794-798

[16]Muzzarelli R A A, Tanfani F, Emanuelli M. Carbohydr. Res.,
1982,107:199-214

[17]Blinova N V, Stejskal J, Trchova M, et al. Eur. Polym. J.,
2007,43:2331-2341

[18]Tiiken T. Surf. Coat. Technol., 2006,200:4713-4719

[19]LI Liang-Chao(Z* K #), HAO Bin(#8%&), XIANG Chen(l]
). Acta Chim. Sin.(Huaxue Xuebao), 2010,68:583-588

[20}Jiang J, Li L C, Xu F J. Appl. Polym. Sci., 2007,105:944-
950

[21]Stauffer D. Phys. Rep., 1979,54:1-6

[22]Gruger A, Novak A, Regis A, et al. J. Mol. Struct., 1994,
328:153-157

[23]Pang X Y, Ren H L, Gong F, et al. J. Environ. Sci. Engin.,
2008,2(10):18-23

[24]FAN Ping(¥:F), HU Li-Xin(J& 32 #7), YUE Xue-Qing({& %
IR), et al. Chin. Powder Sci. Technol.(Zhongguo Fenti Jishu)
2008,14(4):40-42





