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Abstract: Fe,0,@ SJC composite adsorbents are prepared through a one-step thermal cracking method. XRD and
SEM are used to characterize the structure. The magnetism is also detected. The results show that seabuckthorn branches
carbon (SJC) belongs to amorphous structure, whereas Fe; 0, nanoparticles are face-centered cubic crystalline. The
macroscopically magnetic property of Fe; 0, @ SJC composite adsorbents have been endowed due to the attachment of
Fe, 0, nanoparticles. Then,the adsorption model of methylene blue through Fe;0,@ SJC composite adsorbents within the
fixed bed reactor are established by using the BBD type of response surface method, and their response surface are
analyzed as well. It has been verified that the mode presented above can accurately describe the process of adsorption.
With the decrease of the flow rate and concentration, and the increase of the bed height, the removal rate can be
enhanced. The regeneration experiments of Fe,;O, @ SJC composite adsorbents show that the heterogeneous Fenton
oxidation can effectively realize the regeneration and recycle,and the regeneration mechanism is also discussed.

Key words: Fe,0,@ SJC; response surface methodology; heterogeneous Fenton; regeneration

VO —Bh T Ay R R 8 o S
L 2 e I )2 A o R VD A IR R
KREGEZK " o VORI 38 R R AL W59 %, B
A P R P2 A T R IR ST IR 2% o X T I
FEAE IR, B BEZ R ARG A5 — A T 5K,
AFTFIEL AT 8K R

W BRSO A A T2 T T (475 7k A
FERITE , f5 i FHT 0 R S8R R RS P (ELE L A% 2
SO AR EPEZAA . Tk, E AN —
S FE PR FE Y AT AT e H
T IR e A ), AL AT HLBE K
SR, 3 Foft 2 19y i B o 51 e e LR T 1 O HL
A RIE, AR B AR 2 2 2 BR A

BT LR R, EH VIR 0 U R 5o Ay 3k
J3, il £ Fe,0,@ SJC 54 W B 551, LA Y 5 G ek 12
KA EHFRYIBT, 4 Fe, 0, @ SJC [ 2 PR S W B, -
W1t Fey0, 5 H,0, ¥ 8IE iLAE B AH Fenton K 5,
ST R TR A T2 R o R O TR ST T
Fe,0,@ SJC [ % JR S i W B IV FE 0 Yok 1 7K 1) i
PR SR PRA T L5 PR 2 0 58 L PR 2R 1 5 T
FEE2T

1 KBS

L1 R 58
G YRR % SR BT TR I X AL Bk
(FeCly-6H,0, 70 #r2l) , KHK ARG 4k TA R~

FE A A 2014 - 12 -21

E&WE P E 53 B0 H (201104615) 5 e g 5 S AR 45 2% % 35098 42 (2013G2291015)
BB Ik EE (1990 — ) 2o A1 AR, 322 A SEE RIS REATRL 7 1 BRI SE T4, 1033665992 @ qq. com; 3% (1972 - ) 3B 1l #z - 4A S
U, R GORE AW 45 S0 38 TR &N, baibochina@ 163. com,



114 - A, AL T

AR EARRE(ZnCl, A3 al) ) AR TR
BRZS BIA™ 5 WE Y G, PO ek 2=l ) A ™ 5
55 K A 7= 18K

X3 FZ102 BUGRIRE YA BRAIL , R AR i RR Y
fr A BRA T AE 775 SK =2, 513 R A 8 fie b, Jb ot
BHE A DA BR A R A 7 s LDZ4 1,2 UG [ 3
AT ES DAL, I8 BUR SL B O LA R 7 A2 775 752N
RUSHNA] WA R T, RIS S R A A PR
Al 7= TE124S BUHL 7 K7, 38 2 Rl B AU A
BRI AR ™ 5 101 -1AB RUSE I TR, R 28 30T 4y
I ER A BRA F A
1.2 Fe,0,@SJC E5MEIHIFIFRRA

VIR SR 2K Uk LT 5 i, L 0. B 1 1
A A L, FRER 10 g 35k 7 5 A VDR, A ZnCl, 154k
24 h, ZEB/KUE AT ¥ B e iU R T
WL FeCly T, 12 h Z 540 8, BULEY F
8OC T4 T 4 h, FRUUIEYD THEZ )G W HE
THAEBACY P, TE N, BT 500CHK{L 1 h, ¥
R, #1153 Fe,0,@ SJC & S MHH], SEM
K% EDS 43#7id@ i Hitachi S—4800 %1435 % B4k e
BERAE ; XRD 437 H X Pert Pro X B2 AR ATHX
(FHZR G A e A A3 BR 2 &) A= 77 ) itE 47 D

(E#EF 112 )

SO 24 73 8 ISR 1 R o W2 FT5 2293
B4l RAR /R, S0 12 5 1 [ Ao R A 16 2% 1 F
(18 2 P RO = T P 6 S5 S > Bl i >
CO, iR ARRE > BRI . IR AS R R, 7Em UL
N 60°C, ik R T 70 B 30% , TRALHR
60°C,CO, st 4 fH4F T LB Y [l o B, 35
#| 87.64% ,

(2) KAt 73 B [ A Fe L 5 R 1Y
R T ERE BRI T £ 2 IRy,
R I LR S 51% , G i TR ) B 2 il
BARS 2T E.

275 3k

(1] S, skAEAE. BERALBEAR [ M. db ot b2 Tl b i,
2005 :123 —326.

[2] BER, SRAEHRE, A bk, 45, = B 5 4 00 R Ak 58 50 v 1 40 BT
[J]. £k T.,2008, (11) :1206 - 1210.

[3] B&FR, TRARHE 2R VR0E 45, Bl AR AL T 1Y) 4385 o3 # AR
TR T]. AlifkT,2010, (8) ;936 —940.

[4] Mohan T, Verkade J G. Determination of total phenol concentrations

E355F6H

(Cu Ko ,40 kV,20 mA) ,Cu Ko 3853 H5TE H 20 S~
5~70°,
1.3 WRBHSELe

* F Design Expert v. 8.0.5.0 4k}, #F BBD
AL P ATIRZ s oy S ol ==Vl X D L VA T VT 13
PESCHR R ET Y 4 A S 2 I vk OB g vk B
(X)) R (X,) FpH (X ) = HRAE=KF 100
Pros, 317 MREe A, ZERR e B, S8y
RN 1 3R 2 s .

F1 mMEEETTERRBRKE

- - HAF T BRAE
-1 0 +1
WS TR/ (mg L) X 100 150 200
YR/ (mL-min =) Xa 5 10 15
pH X, 3 7 11

MR 52 B 7 [P 7 A S I it R AT o B 0

n = (C, - C,)/Cy x 100% (1)

Forpm AR RLI LR (% ) 5 €, F1 C, 73510

F B W1 A0 G e B R R R - A s S A ok
(mg/L)

in coal liquefaction resids by *' PNMR spectroscopy[ J]. Energy &
Fuel ,1993,7(2) :222 -22.
(5] B, Bratse, e ademe, 45, o IRl 0 A5 Dl 43 Vil 0% 13 ol £ MG
T EWFFE[T]. Ak T,2007,35(1) 55 -57.
(6] PN, 20T, 2R AE LT, 55 IRk Tl v B 2 Ak & W 4R U 12 1)
WroE[T]. B AL T,2013, (12) .56 - 59.
(7] 2540, Bl B 2L, 46 5 B v A i 8 v I S 1 5 f R A S
il 7 [ 1]. BURAL T,2011,(7) 192 - 95.
(8] B8, 25 3Cid, R ETR , 45 MR B Ha it h By Ak & W iy
AHET i ThIE ,2009100186159.9[ P1.2009 — 11 —18.
(9] XUF5 . pedt SR Il T By 25k & W i 3R U 5T [ D . 7
2 PR, 2010.
[10] Flm, PG, KI5 82, 45 Bt v AR A Ak ol rh s 2546 & P 1
EROIFELT] . BEmciE4E 2011, (1) :34 - 38.
[11] ke UL (B) [M]. AR o A ok 2 at,
2000 ;246 —247.
[12] B2, sRmews, m PR, 5. BBtk Tl 48 2 o 9 2 152 i X1
EWFE[ ). B4 ,2010,33(2) ;14 - 18.
[13] et , FLIBUR, 223019, 25 5 1 3 TR A0 7= 5t i 428 o it
FEBFITLI]. AR ,2009, (10) - 1188 - 1192.
[14] Jez. S moBLE R R AR [ 1] OB S /6 10,2013, (3)
62 -63. W



2015 F 6 B

R2 WEESHEEZITRER

5 R IE
R Y/ %
X, X, X3
1 200 10 11 53.24
2 150 15 3 34.96
3 100 15 7 49.30
4 150 5 11 61.02
5 200 15 7 44.32
6 150 10 7 50. 62
7 100 10 3 44. 60
8 150 15 11 50. 86
9 150 10 7 48.94
10 200 5 7 54.33
11 200 10 3 39. 54
12 150 10 7 49.22
13 150 5 3 45.76
14 150 10 7 49.45
15 100 5 7 60. 02
16 150 10 7 51.37
17 100 10 11 58.62

2 HR5WE
2.1 XRD 4#f

B9 XRD S BFAIE | B . 9 1362 1,
1620 = 20° AT — 8 3K0E SIC WIS A, Al
283 #,20=30.1.35.5.43.1.53.5.57. 0° 1 62. 6°
[ 6 FAEE S LGN B Fey O, FRfElE——XF
R (JCPDS 65-3107), FH Scherrer J5 & 1E fiT 5 14
(311) k15 Fe, O, KR K, 153 Fe, 0, ittt E
H41.26 nm, & 13528 2 24 300°C F G R A 5L Y
Fe,0, ) XRD, 4 FL 4% T 500°C ) SIC, R AE e v/
B A o, RBIGK Fe, O, 4752 OS2 U7
AR

220 511
440
4 440

0 10 20 30 40 50 60 70 80
26/(°)

1—SJC;2—300°C T Fe, 0,@ SIC;3—500C F Fe,0,@ SJC
1 #F5%H XRD 44 i &
2.2 SEM &%

FEAR Y SEM 345 R AN 2 P AL 2(a)
R UL 2, SIC 22 PR | M1 AN H 5 SRR

HKEESF :Fe,0,@SIC BEARRMARTPERESRE - 115 -

A 1) AET 2 22 RIR 28 Ol 2 A3 10 A 0 e R 254
FEHEMY . 5231 SIC HOHLEE R % 2 1w AH
b, & 2(b) H, AR B KB 40K Fe, O, UKL AL )
o6 R AE SIC (AT, JE A B 19 Fe, O, BK
TERLF, U SR 5 2R 2 [R]  RG 45 5 B =, T3]
9, TEE(c) H1,Fe,0,@ SJC R ML FE X Il SEM
WL 7 4 oK Fey O, J0RL S RS 0K, AL A5 43 A0
Fe O, 9K KL T 0 BRAR, FURLRLAR 294 40 nm, &
XRD Z5REEA 5, KAL), Ride i %, To
AR, H RGBSR

(b)Fe;0,@SJC

300 nm

() e 0,@SIC MK
B2 #F & SEM 247

2.3 mitE

RESRETE S BT an &l 3 . BT 3 Rl
il #3H) Fes0,@ SJC 52 5 W Fh 57 A BEA 2848 7K 1
BRI, BEARHEE BIE K Fp 201, W5 B SR PR 7K 3%
TR T BAT B 1 3 BOOR , SRR . Z e s
G T ARG IR MO E WS ] Fe, 0, @ SJC g
0 5 # 3l R T LT PIRR, (EAHAIREE « \
M —L U] Fe, 0, 78 SJC F1H A L2 11 4K, H. 44
K Fe; O, Ko~ HA Al ULAY 2, (75 44 BHE 2 W
A A R . DAL B A B T B
Pl i

— it
(a) Fe, 0,@ SIC 16K 40k (b) BERAERET Wbk
B3 B B R AT



- 116 - A, AL T

2.4 Fe,0,@SJC il F B 1% 1) IR Bt 25 B ZE 751 i
o Xit)
X2 R R AT o AR B k2
TE
Y =49.92 -2.64 x X, -5.21 x X, +7.36 x X, +
0.18 x X, X, —0.08 x X, X, +0.16 x X, X, +
1.46 x X3 +0.61 x X3 —2.38 x X& (2)
*3 EAFEAEHSN
FEKW VM AmE ¥ FAE Pg

sl 739. 31 9 82.15 99.9 <0. 0001
X, 55.7 1 55.7 67.74  <0.0001
X, 217.26 1 217.26  264.2 <0. 0001
X, 433.36 1 433,36 526.99  <0.0001

X, X, 0.13 1 0.13 0.15 0.7071

X, X, 0. 026 1 0. 026 0. 031 0. 8649

X, X, 0.1 1 0.1 0.12 0. 7346
X2 8.99 1 8.99 10.93 0.013
X3 1.57 1 1.57 1.91 0. 2091
X2 23.88 1 23.88 29.03 0.0010

Ty M RN 3 i . FAEAN P AAEARZA
SR FRB S e 3 RTEL AR )5 B IR
2 (F K 99.9,P <0.000 1), 430 A 552 (P =
0.721 3 >0. 05) Ui B [ 5 J7 R AR 44~ B 26
NAEZ B AR B R 2B EN . AR X,
X, Xy Xi FIXS 5800 & % (P (E34/NF 0.05) , BP
R R R pH RIS IR pHL 17 RN
= AL Z RO B3 (P EIRTF0.05) %
RV IEPUE RALR,," =0.982 3, KB fih RE 05 Al B¢
98. 23% [1yma . A8 Ak, BB ARSI B v o A2 S R A
CV=1.82% <10% , Wiz AR (o] {5 B o [ e
FL 36. 150 > 4. 0, Ui HI LAY RS 2 B i o 25 LTIt
2 R 7 g RO A B [A] UE R k #) Jg K
Vo TERTFEIE BN LG BGF , P30 Ao 205 A 2 o) 45
PRI 2 [0 f14) 4 1z b T
2.5 Fe,0,@SJC W Bft I AR E A9 M 5z 8 43 47

5 B A 22 1 v o o7 T A ] 4 LT S T Sl
=2ty e AT AU A A o R 3R AN S 1 A
T3 2 AN AR BB 22K A5

P 4 S pH RIS e R X 2B Am . MIA
4 BRI LU L BEE pH T e ST VR T 0
FERREM ETHEH, XZEEN SIC fl Fe, 0, 1%
Hi 4090 3.3 6. 8, [r) sf 7 Y il 2 — b 55 R
MIPHES F 4 b, fEMRPE ST (R pH =3 #),
Fe,0,@ SJC KT 1EHL, 50 H i e kb oy Z A 77
FEFRELF D7, OO R H T SN LR T

E355F6H

4 pH fo i &R E X Fe,0,@ SJC R [}
THRER N =4%umEH

R R VAT 5 4 W A7 A5, 5 BBCIT. F R AR M R
B T R B TR, TGS 5B Al 25 pH
WREN T B, Fe,0,@ SJC Rt BRI G Mk, 5
. VU 731 22 T A e L 5 A P L 3 o L T
Sk pH 3G 5 , 1T L BR R EfE pH
ARG R T 1 o DA G o e R o G PR 5 aed
T HP I B 2SR WA BEARK U EE 3, A% Jo 9k 3
TR N T AL TR XA B B, F AR 772
By Mt 5T XA JBE T B ] A2 R 3R AT, AL
AT 25 BR AR

ES  pH friji# Xt Fe,0,@ SJC % [
THREZ = fehwE A
5 2 pH FI s LERR A, K S
ATLAE ), BEE T B AR pH 35 K, 23 BRasR
AHRNEIE R . 7K 3 H 4% 52 ) Fe, O, @ SJC 57 H
PERINEES L NI INNTE A L4 R gy S S e
Fe,0,@ SJC W B 2 J2 A BRI, HOEH #E7E Fe, 0,
@SJC | 1AW B Sy A P R B o R, AR A
1%, WA G N B — e R, 52 B A PR A 2
PR (S A5V R 1) ST F W 23— AN RE R 3 0 WG RF
AR T ZFE I A AR5, 8 A e 4,
TR T EBRR X 54 56 SRR A — 2
T 2 7 TR 5 PR 2R R 2 B R 5 1) 23 I, A L R
WU o7 1 W FE ), iR BRI, pHBREA , T (75 25 R
I SR AR LBRACR
2.6 3E397H Fenton | B LR HIE
AR AE 100 me/L.5 mL/min 1 1.2 cm



2015 &6 B

FEIRGEAF T AT F8E 1 R I B 0y P 2 ), il
FHE s Fe, 0,@ SJC IR 4 T 5385, HZE1R K
TH VR, FF 10 mL BTt 7340k 6% 1 H,0, 53
1 & A W HE 1 Fe, 0, @ SJC YR G, A4 22 R H4 40
Fenton {2 , [ [ Fe,0,@ SIC I AW H 5 A1k
Rf . FHEEA R NR 4 PR,
*4 BEBEFER
TEFR UKL 1 2 3
R/ % 60. 19 59. 04 57.75

AR 4 ] LB I O SR 3, Bl A P A R 3
I, 22 B FRREAR I I ATE 53 B, AT R 52
BTN A AR TR AR . Fe,0,@ SJC 1R
#H Fenton FRAHLHEY Fe 0, 5 H,0, t 5% T8k R4k
A Fenton ALK ZR , n] AL RE M s . A0
IR (3) ~ S (5) s (SIC=ARR W f
FIZRMH) o BALE YR S KECA Y SIC=Fe" -
H,0 # H,0, Btk SIC=Fe’* -H,0, , 8k J5 il i 5>
TN L FHERL 7 4 - OH, SJC=Fe’ * 75 W% [} 7] 3% 17 1%
W JFCA SIC=Fe” " fifi 15 52 v 5 A=, DA T R o 551
FTH SIC=Fe** fil SIC=Fe’" 2 [A1T¥ i AL 1A JE G
W B R R R = AR e Bk R B R
FEAR I - OH HAT s S AP, JLT- ek 1 1 S AL R
filA B, e A AR 2% T AR 0 I R o &
HHTHL, N SEBL T Fe, 0, @ SIC (1) 14 F)

L, a0 6 s .
SJC=Fe** + H,0, —> SJC=F¢’* - H,0, —
SJIC=Fe* ++ OH + OH" (3)
SJC=Fe’* + H,0, —> SJC=F¢’" - H,0, —>
SJC=Fe** + HOO -+ H* (4)

SJC=Fe’* + HOO - —> SJC=Fe™* +0, + H* (5)

-
- o)

[*OH +e— CO,+H,0’

VWi % @B; Fe,0,- SIC GBB; Fe,0,° ; WHIK®

E6 Fe,0,@SJC it J 3k #4148 Fenton % fb
FAENE

(1) LAy iR 2% B 7 A2 0 B U5 0 S, 3l ok 44

HKEEF :Fe,0,@SJC BERBM BRI FEREBRE <117 -

Hp e — L I % T Fe, 0, @ SJC & 45 W fi 741
A2 A5 W 5510 P £ e R AR A TG i Y 5 Fe, O, SRy 1T 00 ST
Ji d B, JORL A RLAR 249 2 40 nm, 7E 7k 3 1H 5t RS
RGBEZ RS HCESES, TR ARRE.
Fe,0,@ SJC W HRET W5 |, HAT B i mg 1

(2) LA FH i o0 Ab BE X 52, 3z i BBD 284 1) i )i
THAEESL T Fey0,@ SJC [ 5 PRSI 4 1) W FRHASE AR
PR R IEAT T 8. ESE TR
pH i LR BE 975 R pHL ST D7 RN 8 3
E—5] A H,0,, IS T Fe, 0,@ SIC 1 51
A

(3) LAV A 45 % 35 26 0 9 08 Ok D B ol 4
Fe,0,@ SJC & £ W i 77 A5 40l 52 B0 % 57 U0 iR 2%
FIGERAL o TS 2R X A AL 25 44 1) 1 3 0 B U
PRI FE LA S At YRl 286 B K AR FLELAT — i O 1
YEH .

5% Uk

(1] FRE MR, £5, 5. B ERIT R AR T]. W
SOl R 227 47,2009,11(2) :81 - 85.

[2] Ding L L,Zou B, Gao W, et al. Adsorption of Rhodamine-B from
aqueous solution using treated rice husk-based activated carbon
[J]. Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 2014 ,446:1 - 7.

[3] Ribas M C,Adebayo M A,Prola L D, et al. Comparison of a home-
made cocoa shell activated carbon with commercial activated carbon
for the removal of reactive violet 5 dye from aqueous solutions[ J].
Chemical Engineering Journal ,2014 ,248 ;315 —326.

[4] Gong R M,Ding Y,Li M, et al. Utilization of powdered peanut hull
as biosorbent for removal of anionic dyes from aqueous solution
[J]. Dyes Pigments,2005,64(3) :187 —192.

[5] Liu W F,Zhang J,Zhang C L,et al. Adsorptive removal of Cr( V)
by Fe-modified activated carbon prepared from Trapa natans husk
[J]. Chemical Engineering Journal ,2010,162(2) :677 - 684.

[6] Ozdemir I,Sahin M, Orhan R, et al. Preparation and characteriza-
tion of activated carbon from grape stalk by zinc chloride activation
[J]. Fuel Processing Technology,2014,125 ;200 —206.

[7] Ye CS,Wang H X,Huang G Q et al. Adsorption and desorption of
DMF on macroporous resinNKA- [ in the fixed bed[ J]. Chemical
Engineering Research and Design,2013,91:2713 —2720.

[8] Malkoc E,Nuhoglu Y, Abali Y. Cr( VI) adsorption by waste acorn
of Quercus ithaburensis in fixed beds: Prediction of breakthrough
curves[ J]. Chemical Engineering Journal ,2006,119(1) :61 - 68.

[9] Huang L. H,Kong J J,Wang W L, et al. Study on Fe( Il ) and Mn
( II') modified activated carbons derived from Zizania latifolia to
removal basic fuchsin[ J]. Desalination,2012,286 ;268 —276.

[10] Meng M J,Feng Y H,Zhang M, et al. Highly efficient adsorption of
salicylic acid from aqueous solution by wollastonite-based imprinted
adsorbent: A fixed-bed column study [ J]. Chemical Engineering

Journal ,2013,225.331 -339. R



