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Abstract

The heteroatoms (N, O, S and P) doped carbon material were prepared by a facile strategy through
pyrolytic treatment of wool felt, and their properties were characterized by SEM, EDS and FTIR.
Meanwhile, the material was used as electro-Fenton cathode for rhodamine B degradation. The
effect of significant parameters including the initial pH and Fe?* dosage on the removal efficiency
was investigated for electro-Fenton process. It was indicated that initial Fe2+ concentration of 0.5
mmol-L-1 at pH 3 were the optimum conditions for the removal of 50 mg-L-1 RhB solution. The de-
gradation time was 120 min, and the removal rate of rhodamine B was 99.5%. Because the catalyst
has the advantages of simple preparation method, low cost, high catalytic activity and good stabil-
ity, the catalyst has a good application prospect in the treatment of organic waste water.
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LAY FRA B LB HARTIRE, B RER T E— S & T R T (N, 0. SHIP)B I3k 8, 3 SEM,
EDSHIFTIRA H3 AT RAE . FF, FiZ%ABHE R B FentonJH iR 4 RS FHEIBEE /K, 3£%4 B0 B3 Fenton
HRNEERERD: BRAVIGpHERN Fe+FIREHRT T MM . LRERRE, ZMBARENELE
H, EEBNPIEpHAS, FeI¥REH0.5 mmol-L-18F, FHZMEFIEAN B Fenton AR FE#50 mg-L-1
FIZ FHEABEE, FEARRTEIN120504, Z BRI ERETIES]99.5%. BT ZMEILIH & FiEm g,
BRAME, EEE, Rettly, FEABEAYRKTEAE RN,
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1. 518

DI B &M ANLE A, R ARSI, KR Y] B 2EUE[1]. 2/1H] B
M7 TERAPER L 1o AT, 2] B AR guREIE g, GIgREN Gk, Baaig b 24T Mgk
JZR, XA A KBS B P B 1R K [2]. FH T ER SR KA EE ) R VA AR EE
AL, VLR & 1 J5A3] [4] [5] [6]. Ferb, AMRERBONAE G AT, (EREEN G Kl
AAe s, AWNERIAEPLAE 1A R7]

Table 1. Molecular structure and properties of rhodamine B
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T A R COH) R A RN AILAE ST, nTULEER AN FRIBEMR, JTEREFARER
HH 3 (AL 2 7 ¥V —— T BB AL B AR (AOPS) & i 52 2R 78 & I A bk [8] . o, Fenton 2% H I s 28 Ak
FR2Z —. Fenton 2 FH Fenton iX7l(Fe? Ml H,0,) K 8/ 4:-OH, E A AFRCREF . BRI 4
YA TS s, AR SERR TS /KA B P A5 2R 9], (2, %5 AR HO, HIISHI A S, H,0, [
FI AR 5 [10] o A5 Hfb 22 5 VAL S0 Fenton EARSE S I Fenton ¥, FIF HALS VR R A=A
Fenton 71, AT LATRAME S Fenton VA E, 1 HARAERT ., FRARRCRE R, RUARTEAL[11]. ¥ Fenton
AR LR AV IR O, TEBINIE JF N H,0,, 355 Fe®* & E Fenton [ M4 H-OH, -OH 4k T A HLA
AN CO, FI H0, Bk /Ny FAEBI2]. %57k Fe? — ol shiidin, O, @it shFiE s i 5 X
FINE LR RS AR I 7 VA R SR A IR AL 7, # O, 1859 H0, [13]. Horr, %
JEL 715 2 BB A 70 205 s P R0 B S B AEA S P [14] [15]. B 4JEF(WINL Oy By P. S Z5)iB 4 N B4
FjG, RS RRE T R R RS AN, AH AR SR 7B A7 s tH IR RE, b B i) F b M 2 RR
LA AT AN 5T, AT R T W B AN S i A 0 [16] [17] [18].

ARICUSKIEEE « MEARER I AEY TP RL £ B RAE AT o0, ATk R By R AR, P LME
N C. N. O, PAIS Sn&RIkIR., Wi RAEM 75— HH1#% N, O. S Fl P SBRMImMALA] . SRJE 1%
PR B (GR) M B A IR RE, Kz A AR FE B Bl b % s S BOR R [19] o K% r AR
Fenton PR FH T FEME 2 FHE B /K, I ELX 5200 B4 At e . 1) B B2 TR 2R DA R B A LB R AT T F 9

2. SLHERSy
2.1, FRIFYEE

ZFIH B, BRERAN(NaSO,) . PUZK & ST 2k (FeCly4H,0) . iz (H,S0,) . A EAL B (NaOH) R 7
Fraalfl. ERECRETRACHRIA A . BE(GR)R A kg R = A A A

TR (A2 St (Rl ) FR (G IERR): A GG (AT pH (i
H1); HLALZE AR RS (CorrTest-350):  $54MA] WOt 0 aih (A A B E) s Hfi i BME(H A7) 5t
AT AN TS (3 E # )

2.2. fELFIROFIE

BEBHMHEE TGN GE THEEMA b TE. TEREEE, BiEenEtumE TEUrd, i
BNEA, PV 5°C I THRIE R THE 2 350°CHARE 1 /NI, SRIETERSMRYT T F ARV 5 2 = i By
13 BT AT o 2 M AL 7 B B b RAE T — 2B . 2 RIAR id o CYx.

W BB (GF) F PR R AN 25 B8 1K 20 TR P i 0k 30 408k, SAJETE 80°C R4 5 5 ml JVUSK 24 ALl
(60%). 30 ml 47K 1 ml IETEEAT 0.3 g fiEALFIRI R CYX IRE, B 30 280 E s S r Hok . SRIG
W E S IRE RN ZNRA W, PR 30 0%k, SAJETE 80°C PRI K. T, Fils sk b CYx
(s B T 5 3k A 360°C TR 1 /N, IXFE AR AR & e e . Bk T A CYx MBRE AR IC N
CYXIGF. [FIFEHI 71214 513k T %% 2 (VULCAN-XC-72) [fifiiEi, #xic A CIGF,

2.3. BEMRSCIS

B P B AR S0/ B AL 2 TAE S (CorrTest-350) - 58 A, Sz, HX 500 ml ¥y 0.1 mol-L*
(% FH B BUE K, AN —%E B NaySO4 (0.05 mol-L YA S HF HMR R, FF N — & &) FeCly-4H,0
(0.5 mmol-L ™). H H,SO, (1.0 mol-L )H1 NaOH (1.0 mol-L )i 5 VAW 1 pH 18 . S35 F bR #E 1 = Fa bR
R, DMMAIH RERE NS L, Pt HARIE X Ak, CYX/GF /N TAEHM. 7EH Fenton FEfF
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FErR, J R ORE B  FAOEA A
2.4. BWHE

Ao 7 S (SEM, JSM6510LV, H A HL F)FIRE I (EDS, JSM6510LV, HAH )44 CYx
(TSR TE AL A0 AR M 2T SN G (FTIR, 25 H 3 4 145 76 HERR) /0B CYx o ik 2 e

>
&b
He

m
=

o

ARSI SRS - BT 66 R v (H AR B8 UV-3600)F14# 2 11 B RIS A0-RT WOk, #fsE Homok
WG 1 O 554 nm, SN 5E SN RS MR RE TSR P B VR EZ .

3. BR5WL
3.1. fELFIRRAE

K 1(a) A& 1(b) 40 B EBEA CYx (19 SEM K. Pk EITT LLE H, FEMAN mRmi )5,
TES R A B 1A AL, X AT DL B 2 B B 7 A R R B AL BN R [20] . CYx HIAMEARTS AR, i
B, RATEJUHCKR BN Lok . RIS BB N, R\ERmERAFELRES, FroREhrE
AR Ak b 5 4

CYx BTt 48 H EDS Be ik, & 2 Brom « MBI AT ELENGE, CYx ) C JT & & &1k # 91.33 At%.
ZJEF N O S HIP HI& B2 5N 5.65 At%. 2.76 At%. 0.2 At%F1 0.05At%. XE64% 5 T-#f 2Kk E Tl
AR R . WNBIEFTAEH, CYx hBRRIRETFEERZ N A O, P LHRMEEIRMK, XEFEA
AT A BT P ot & 8. JToRAITERY, ZKET(N, O. SHI P B A R | it .

K 3 4 CYx LM . B, 76 3415 cm ™ A4 &V JE T OH MIHIZE IR, X il g kI T CYx
gt &K [21]. 7F 1100~1700 cm ' Z AR Z E 54, XIHET N 3% 0 5 C Z i ka4 [22]. i,
£ 1500~1700 cm ™ 2 7] () I 7] E K Y5 T C-N. C=C.C-C=0 1 C=N WU {45 PR 5[ 23] . £ 1100~1400 cm ™
Z [A] i ] g £=C-H. C-O. C-O-C. 0=C-O Ml C=S [IFIH#RzN[24]. XEEIIR T HBABREEH, LML
S R R g A TEA R b, FIES, BT BIRA R RS, ANEEA I T, RO R H e
DATAI T, UL sp? ZAR T ol E RS Sh i o T, A R0 T AR AT R [25] .

3.2. RNEWARIFEBEBIRATELE

T BT AT CYXIGF ALBEES FHEH B BIZCR, XFEL T GF. CIGF Al CYX/IGF =Fitt
EHE N Fenton [FBZI 2 FFE B (M ARACR . 7EIG pH {54 3, Na,SO, K1 Z A 0.05 mol-L™*, Fe**
I3 0.5 mmol-L 7t (451 N AR 0.1 mol-L ™ (% FHIA B ¥, FRIREEE N 50 Am™2, Szig et i
4, MWEIFTEI AL, LA CYXIGF NMIMRAELLTRINE, 25T 60 4t BEfE, 20 B £ BRIAH 92.0%, 4
it 120 ZrEh R, BRI B BRIk T 99.5%. TMAEFIFEIZME R, LL CIGF F1 GF YEBA MMk 71,
25t 60 S ENHIFERE, B B BRI 83.5%H1 82.5%. ALY T, 1RHIE CYX/GF HIMEAL IR
i SLIREME, HET(N, O S PB4 S 7 RRA R AL i

3.3. ¥4k pH {EXTFERE R N ARG

TERIIMI 4G pH B2 F Fenton [ fif ol 72 r (¥ 25 S50 [K 3K . AR SEIR R BE, 72 B R A O, #E J5
H20, (1B, A1 A (L) - AR MR BRI pH (B (B 1 HOR ) A FI T HoO, 177 4 o (EZ2 AR 22 3K(2).
IR HORE R R SRRSO BT SR RN, BhAh, WA pH E . WM, OH BT as
R Fe B AR(I)), SIHFEME N Fenton iR Fe™, BAARIT =L s AL RT-OH.
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Figure 1. SEM images of wool felt (a) and CYx (b)
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Figure 2. EDS spectra of CYx
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Figure 3. FTIR spectra of CYx
3. CYx HELoMKeik

DOI: 10.12677/hjcet.2018.81005 31 L TRESHAR


https://doi.org/10.12677/hjcet.2018.81005

HF 25

100 ~
80 |
60 —=—CNX/GF
< B —e—C/GF
o —4+ GF
&
H 40
20
0 1 L 1 1 1 1
0 20 40 60 80 100 120

e 18]/ 534

Figure 4. Different catalysts on the degradation of rhodamine B
was compared

B 4. LA RIRIEMLTIXT S FHEA B BOFERERUR

0,+2H"+2e" - H,0, (1)
2H " +2e > H, 2)
Fe*" +20H™ =Fe(OH), ¥ (3)

N RFBAERIHIE pH 1, SR WIEE pH HIME, 7E Na,SO, I 7y 0.05 mol-L ™, Fe* )ik /% N 0.5
mmol-L ™ ({444 T F&A# 0.1 mol-L ™t 9% FHEH B VAW, HIRZE N 50 Am 2, SLibsifan® 5. MWEFmA]
M1, 4)Es pH AES 9N 2.0, 3.0, 4.0, 5.0, 7.0 f19.0 i, 25t 100 40 HIFEAR, TP B HIEBRE)
WA 97.6%, 98.6%, 97.03%, 96.3%, 20.3%F 19.1%. SZIGZEHEH, 7FFH Fenton [5AE % FHH B 1t
FErR, FAERIVILE pH N 3.

3.4. Fe” BYR B %} P AR I R RO 32

T WA FeX IR FEE X B P B BRAR SN (IR0, E Na,SO, HIVE 4 0.05 mol-L™, #J44 pH {4 3
(26 AF T BEM# 0.1 mol- L™ (2 FHI B 1A, HLIRZEE N 50 Am 2, HLMRINHA] A 120 204, S2ie 45 B an
6. MRHEI 6 HYSCIGZE T s, BEE Fe® M M 0 B8 hn%) 0.5 mmol-L ™Y, 2 F18 B (1253 M 46.59%3%
HnF) 99.08%. HIEAR(4), XZEFEN FeX Ik E 5-OH WP A B H HIENK R . SRS Fe? ik & 4k 4:
Hhn%) 0.8 mmol-LH i, B FFEH B (BRI N 4 E] 76.89%. HEHEAR(S), Y4 Fe* W it =i, Fe**
2540 [N, MTTHFE T P24 /-OH, (E2 P B IR N4, MSRibss el i, 7/
HH, Fenton P& AR 2 FHEH B (it ferh, edhny Fe® W28 0.5 mmol-L ™.

Fe** +H,0, —» Fe*" + OH™ +-OH 4
Fe* +-OH — Fe** +OH~ (5)
3.5, EAFINREMMR

N TR TG FIR EE, #E NaySO, I 9 0.05 mol-L ™Y, #I4k pH {H8 3, Fe® Ik ¥ N 0.05
mmol-L {14545, FZAE AL 774 4 . Fenton [ AR F4#% 0.1 mol-L ™1 (1) 2 1 B B 18, HLIRT %5 9 50 A'm 2,
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Figure 5. Effect of initial pH value on degradation of rhoda-
mine B

[ 5. #1045 pH {Ex1 5 F3EA B FEAERIFZMR
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Figure 6. Effect of Fe?* value on degradation of rhodamine B

6. Fe” BIREEXT B 1B B FERRAVZLMN

HLARIS T2 120 Zrh. BRRSER S, FHEB TR ZMMATNESE T, BT E RN, Seiess R
7o NSEBEERE, @ Z0HE, ST D FHH B HERERA TH. £ HRHE, &
AT D FH] B I EBRF M 99.5% N £ 92.8%, T T 6.7%. M5, MEAAFIRMAEIEEATE. Nk
WAERE, ZMEAFI R B, WLAZ R

3.6. ZF1EA B AT RERYPERRIRTER

7EH, Fenton i Fi e, BB 08 S5 S IR GF A AE T, T DL 2 S B4R SRR Ho0,, 1T
TR Fe® AL VE ] R P2 4E-OH. -OH RAGRSEIISEALAE S, ALK AL T80 AL B R /Ny T
Y. ¥ 8 45 T2 FHE B fEHL Fenton i FEH AT BER M ARIE 1S . 159G, -OH #ECP FHH B AR E 4+
BIFZEEREE, AR (1) (V). (VFEWR. 5, R8bEWdt—=250H &N, KAEFHRM,
HERCE /NIRRT BEI L (VI (VD (VDL (IX)s (X)535. &)a, B EYIdt—4-0H &k CO, Al
H,O AR Tehl s .
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Figure 7. Stability of CYx
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Figure 8. Possible degradation pathway of RhB in EF system
& 8. BIFWIIEH T AR B ATRERIPEARIRTZ

4, g5ig

1) ASCEEE T RIS Z WA BRI AR R bR 2 BRI RO, I I IR RV v b
TZET(N, O. SH PYBARIRL, bR LA Ak i R S N A 1

2) GHEAFIE N Fenton BIRZIR T F4M% FHI B BEK, SfEwlts pHEA 3, fefEi Fe? WA 0.5

mMol/L. F$f# 2 /N5, B PHEH B [ 22Br 1A F] 99.5%.
3) SHABMALFIMLL, ZMEAAFIH &R R, AR, AR, Bl AR TN H
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