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ABSTRACT: The work aims to prepare the optimal catalyst by synthesizing iron/activated carbon (Fe/C) and
iron/graphene (Fe/G) and investigating the adsorption and degradation for the methylene blue dyes in the water with
the catalyst prepared based on the afore-said synthesized materials. The adsorption and degradation ability of Fe/C and
Fe/G at 20 C and the influences of the amount of hydrogen peroxide on their degradation effect were discussed. The ad-
sorption mode of Fe/C and Fe/G was researched and the kinetic parameter was calculated. When Fe/C and Fe/G of the
same mass and with different iron contents were used to adsorb the methylene blue solution of the same initial concentra-
tion, and the adsorption effects of pure activated carbon and pure graphene were the best; however, their catalytic and de-
gradation ability would be enhanced with the increase in iron content. When the mass fraction of iron was 20%, Fe/C and
Fe/G were the optimal catalysts and their adsorption for methylene blue conformed to Freundlich equation model, prone to
multilayer adsorption. The activation energy of iron (20%)/graphene to catalyze and degrade hydrogen peroxide was
greater than that of iron (20%)/activated carbon in effect. The activation energy in the system can moderately avoid ex-
ceedingly fast decomposition of hydrogen peroxide, thus increasing the time to act upon the methylene blue and improv-
ing the catalytic and degradation ability of the system.
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1.1 HFRFn{LEE

FEAR . Gy, kol E 2G4 L]
ABRAT ; W, f2kal, VUL TR BRA 7 5
SMRER, Zrdral, KBRS R IL AR A R ]
SEREN, Zrdral, JKHETT RS BRI TF & ot
FERERAR , A, dbRte T MUK (R
H130% ), A, KETTRFERR AL #1500 BR A w5
W, ek, KETHCR ML TR B
iz, oral, WM RELARAFIERA R —KEi
Mesh, i, E25ERERA RA A

FEALES . 752N FOEHUE ST UL O,
UV-2600, Lifg#ERHEARAR; X, &
NERL SR AR A RA ) BRI ERR G, &
IR AR AN A PR A 5 BRI St T4, AN AL
BALER s SR AG IR IRE S B RS , AN K 3R
THARAF.

1.2 FHix
1.2.1  MERYH &
1) 13805 B & o BRRSBREN (S @) F1A 2805 (10 g)

B FREFEM 1000 mL)H , B J5 2218 i AMBLER (230
mL). FHRE WA VKK FHEFE 30 min, SR 1818
R R P INA SR G0 ), KRB 3 h)E, B
R FM (308 K)HP L 4 h, AR Jm 2248 a1 be i b
AZEMWEK(460 mL), FEAE 371 K FRW 3 ho B
TG % ) KB R IF I AU K (100 mL) ABR 2 7
FETRST, I AEER (500 mL)ZS #e T 4 I BRI AR 5 F .
FVEECEA A, g, SRR AR B AR E T
60 CHEFEAHET, BIFES iR R 15 21 A LA 25(GO).
A GO BETEL b, HEy i ET S E
220 CAAHT, GO 2H:KE, MK A A 0.

2) BR/EME S (BRI 80 ) BIHIe . o e IR
1 HH YD HE A2 R ) ( Fe(NOs); il NaBH, 19
4390 1, 1.6 mol/L, Ji /il NaBH, ¥ i i 228 1%, H
PO N 125, GRIREY N 05g), HF
JUT- B4 S = A i T g, I FHZE IRk D%k 4
W, RG-SR A — R ARt , B FHEST
PERIHPAE 40 CFEZS T4, RInTf330 150k

% 1 Fe/C #A Fe/G By & B LL
Tab.1 Preparation ratio of Fe/C and Fe/G

B Fe Iﬁ% Fe(NO3); NaBH,
58U % A AR R /mL AR /mL
5 1.12 2.90
10 2.25 5.65
Fe/C ( C 5 20 4.50 11.25
HHh1.25g) 30 6.70 16.75
40 8.95 22.40
0 0.00 0.00
0.450 1.50
10 0.900 2.25
Fe/G( G 5 20 1.800 450
wh05g) 30 2.680 6.70
40 3.575 8.940
50 4.465 11.17

1.2.2 7 PG i vk e e it 2 1y 22 )

Iy R EL 0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 mL
JRHREVR BE A 50 mg/L 93 HH LIS 25 mL £ HLZE T
O, B, 93— RIS R B A I
PIZEIRKAES L, A5 40 0] WL 266 BE T A 3
664 nm Ab B GEE 22 0 G A VA TR R B A o
k.

1.2.3 W 36 A 0

F 100 mL HEFZIH AP IIA 50 mL V. B 5685 v T A
0.010 g {4k ( Fe/C R%1 5K Fe/G #51 ), 7£ 20 CT
PEATIR B, B — B R v R e, B R B AR
FE o WOEREEME . BUE 2 mL ROV, g,
B 1 mL ROV, A 4 mL ZE48K, AHY T 5%
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TR RE T 5 A%, RAGILTAE 3/4 4b, DIZER
KVES I, MK 664 nm AbFIWEREE, ARG H
BEUE T e FEARHE N LR HEAH R R B, RS TR 5
£, BIATAS 30 0 Wk
1.2.4 W BRI A 7. HY i

F 100 mL HEFE I AP IIA 50 mL V. B 565 v 7 A
0.005 g Fe/C %1 (1 0.010 g Fe/G 41 ) fitfk 7,
TE 20 CRFATMERT, B — B ()0 W e G B
5 W B 28 90 R 5 5 A 10 mL B4R/, X6 IF T 256 v 33
TTRR A o TR I 7 v ) 1o
1.2.5  XUAEC 7K HH kT 44 A 700 28 A 205 SR 1 52 il

T 4~ 100 mL HEJEIE 43 A 50 mL 7 HY &
VR AN 0.010 g 181L7] Fe(20%)/C( 5 Fe(20%)/G ),
TE 20 C R EAT MR, Fa e — B [a] il s v e e B
R A E 43 I A 1, 5, 10 mL 1 60 pL 4 B4
K, X B AT R . WO BRI R kTR
1.2.6 WA IR 26 At 1 S 5000 I 5

T 6 NMEE P40 50 mL 37 B R85 VAR, 43
AR FE R A Fe(20%)/C (8% Fe(20%)/G ) {1k
), RV AR BT AT R, 00 R BT A R
FIE DGR, W BN oy ik [R] b o SRS AR A Langmuir
F1 Freundlich J7 #2EATAH N A0 FE . S 566 BE 70 3 A
298, 303, 308 Fll 313 K, B MNEEUAT 1 4525,
1.2.7  iEHALRE A E

1) WK EHES . B 25 mL #E R 0.11 mol/L
1) HaO4 7KW I A 250 mL HETE R b, JHIZE 18K s B
% 200 mL, ZELZEF, FERNEE T /K hE
20 min,

2) SRR, 20 mg fEALF] Fe(20%)/C (B
Fe(20%)/G ) 2N, H,0, FFUG53f%, THiF, Jf
IS AE TR K I TR

3) WEESMHT ., 7E 6 1 100 mL BEAR R4 15 mL
WP 3 mol/L 1 HySO4 iAW 0.5 mL ¥R 0.05
mol/L MIBL PR, H,0, /N T2 10 min
AF, M TR R 10 mL O BB BRI (R
X HyO, A Ml /5 ). LAJG AP 10 min BUH 10
mL SN IR AR W, 1 55 SN YR 2] g v v 0 e
B o KB IR A 327, 1 0.003 mol/L 1y
KMnO, &, ERIFS 5 1) KMnO, IR 21
BAFE 10s RARZ:, HIGRBIHE 28, ic B HE
KMnO, %K 1A

4) MEALREAIIE o T E VA FIREE R 30,
40, 50, 60, 70 ‘C, FEWE/SHAIEAE, 2510
PRI T AR U E FH B KMnOy ¥ TR AR RIS B
A 1] o

2 ZRGItE

2.1 Fe/C #1 Fe/G Z %Il N Bff 0 AR Bt P& f

M4 Fe/C 2% (5 Fe/G &%) ) A AN 10 mg,
W SRSV R 50 mL B, A TR R I 1] B 28 £ D
Kl la—b (p RRBBCYTTREE, po R SN IR 1R v
FE ) 24 Fe/C RINFATEN S mg (524 Fe/G RHH%
AR 10 mg ), S H LN 50 mL, £ -
JEHHIA 10 mL R K B, ¥ VR0V B i o) (1) 2% £k D 5]
le—d. HE 1 FTLIE N, 407 M fa S50 0
R A3 B B, {R R A 10 mL A9 R /K R I T 256 i 57
Tr R, 2l 38 MR LG 880 LT B AL B A
o &SRB G, PRI B IR, ek
TR KON 20%0, T B FERSUR B, Uk R
SRR T 20%0F, B8k 88 T — 3 W A, 3K
oL AR FHBRATG T DA R A i 3R 550 o 25 W Rf
Ffii 2 FhIN 2, Fe(20%)/C il Fe(20%)/G X V. 1 ek
FIRY R A I iV RS SR B e U121

2.2 MEKFHEX Fe(20%)/C #1 Fe(20%)/G BRI
RHm

24 Fe(20%)/C ( 5{ Fe(20%)/G ) #% AN 10 mg,
RS R 50 mL, R B S A A 1,5,
10 mL 1 60 nL BUAE/K AT, B AT 75 2 SR /K /Yt
Fe(20%)/C il Fe(20%)/G R s R A2, 5 VRO B
B A ] AR PR UL T 2 AT 10 mL UK, [ A
R AT o N [R) Bsf 2] SV PP 25 5 A V1) 58 0 T DL SO
TE UL 3, B A5 R BT R AE 664 nm ALY SEEE S x
HLTP-HES, R ILE S I S 100%55

2.3 Fe(20%)/C #1 Fe(20%)/G Bk Bt &8 &k fn#t 4

WF 9% W B 45 iR 28 W A M A Langmuir I
Freundlich Jy B2, FFHTIX 2 =0 SE 5615 21 19
Bt DE AT RS UT IAE WBEH B 2 R, T
Langmuir Ze P77 #2 0 -

BeoLey (1)

0. 0, K,

AN R A 5510 35 TR %) W2 o7 B 4 I B et 48 R
W B f 22 2 W B, U] Freundlich £ 75 #2

InQ, =InK; +1/nln p, 2)

K pe V- 5 R (mg/L) 5 O - W% o
H(mg/g); Om NI (K ) WM& mg/e); KL N
Langmuir ##((L/mg); K & Freundlich 7% fff &
s Un R HE

A (D)—@Q)43BI7E 298, 303, 308, 313K F
LA Fe(20%)/C (5 Fe(20%)/G ) X V. I & 1 ) 0 fft
SR, AbPRZEIR L 2,
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Fig.1 Adsorption and degradation of Fe/C and Fe/G series on methylene blue solution at the same concentration
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Fig.2 Effects of hydrogen peroxide dosage on the degradation at different times

efficiency of Fe(20%)/C and Fe(20%)/G
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H12 2 AT, Fe(20%)/C il Fe(20%)/G B W fff 25
ML A Freundlich S8R, W [k 72 2 )2
W R, Langmuir #8280 56 Rt dsly, DR e ff
suR R I Ny S

Fe(20%)/C Fl Fe(20%)/G X V. F 3 15 W% Bk it 75 A
H AT A R AEAE L AG T i X AT A

AG’ =-ROInK, 3)

Ko KON 5 TR R VIR
SAREEL K HE N

K. =ps/p. (4)

e pa B pe 430 Ry~ Bk 7 HH 5 0 A [ 4
VSR IR

FRUEXS (AHO)FFRER (ASY) AT 1 Van't Hoff J5 2
R3]

InK,=AS"/R-AH’ /RO (5)

LI Freundlich #i#1 %4, 15 Fe(20%)/C Hl
Fe(20%)/G WL FHAF 24 280, T35 AG . brifEss
(AH") bR HERE(ASY), L3 3.

£ 2 Langmuir #1 Freundlich # R & £ R
Tab.2 Fitting results of Langmuir and Freundlich models

Langmuir 157

Freundlich #&7

T K
On/(mg-g™) Ki/(L'mg™) R? n Ky/(L'mg™) R?

298 163.934 0.063 0.8700 2.822 31.795 0.9071

303 113.636 0.242 0.9588 8.224 65.700 0.9723
Fe(20%)/C

308 112.360 0.233 0.9790 8.326 65.562 0.9845

313 111.111 0.276 0.9259 9.398 69.124 0.9595

298 192.308 0.776 0.9394 19.724 154.254 0.9683

303 222.222 0.464 0.9610 10.081 146.452 0.9757
Fe(20%)/G

308 232.558 0.344 0.9249 7.107 131.591 0.9727

313 204.082 1.361 0.9587 23.148 171.314 0.9938

£ 3 Fe(20%)/C #1 Fe(20%)/G W MiF A EE W hFE S
Tab.3 Thermodynamic parameters of Fe(20%)/C and Fe(20%)/G during the adsorption of methylene blue

/K Fe(20%)/C Fe(20%)/G
AG'/(Jmol™)  AH'/(KJ-mol™)  AS/(Jmol"K™") AG/(Jmol") AH'/(kJ'mol")  AS/(J-mol'K™"
298 -6162.516 —-2658.82
303 7228.797 31.014 125.267 72350.55 9.886 ~24.525
308 ~7463.276 —2290.26
313 -8163.902 ~2276.63

H# 3 0%, AG'MIME/NT 0, £ Fe(20%)/C
W iS5 o0 R N, AG® U1, Fe(20%)/C M
BRF IV FP 5 5 A0 T R, R B i AGO /N, 1P
TR RE B, W RRHRE MR . ARCE R T 0 IF, A%
W 5217 Sy R A S N ek R e A ) A A ) % T
FH IR TS AW RRF . ASC (KT 0, A IV FF 3 W% Bff T
Fe(20%)/C FRIIHY F A MR EE B s it & . R
3 H Fe(20%)/G W BRIV FF 35 35 F 8 1 22 B 50T AT, AGP
HIME/NT 0, U Fe(20%)/G W BV FE 3 0 B &
N7, AR AGO A, Fe IR, W B RE 7
55, AHUMEKT 0, UEHTZRME B B A A R, i
JE 8 A ) T AR X I PP L S B B, ASC /I
T 0, R I W T Fe(20%)/G KK H &P
Wi 5k 1) T v T BRI
2.4 WEKE Fe(20%)/C 1 Fe(20%)/G 1 BiE L 8k

B E

TEREITIRIE . RS0 . MAERIHEA Bk H,0,

REMEARUE FETE, HLO, VR EEBERT A2 LT
kt

Ig CHZOZ =lg CHZOZO _m (6)

LI EEIR T, DL Fe(20%)/C VEf#E ALk
H,0, 57 o BB — Bt By [ B — 2 5 ) H,0,, HR
I EBCH A5 Wt — A A0, LA Mn® AR,
KMnO, AR W 7E o

HR R 22 S H Ho0, 5 KMnOy i 56 &, 1]
SRS P HyO, HYHERE .

SCVKMHO4 VKMn04 R
H,0, — 2VH202 - I%';&XVKMHOA (7)

KR MIRAK(G), AIFH 0TS 1gCy o % 4,

AT
kt

2303 ®
MAROT AL, LA g Vo, XTI £ fEF, FFAE

Ig VKMnQ, =
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HARRIR N—k/2.303, Hit AR ADRIGTERE 0
i HyO, 43 S0 1143 2R 5 B ko
Wt Bk, RS EN, SRR
JEF HoO, 43 fiff N (A58 50 &, FRARPERT &2 3
Wz A
Ea
lek =230k " 8 ©)
R, BRI, DLlgk X 1/ 016K, i3 ELk
HIREE R -E,/2.303R, ML B ARR AT R 1 H,0, 43+
S5 AL BE E,o

25 Fe(20%)/C 7 Fe(20%)/G &4k & 14 T W b p&
R &

TESE MR 4T, Fe(20%)/C Fil Fe(20%)/G
FIFEA IR 10 mg, FLEE 2 A AT %) W52 56 % i 3
B, WK 4, HE 4 B, Fe(20%)/C ik 3 0 B4
B R 292 220 min, 1 H 58 & R 75 22 260
min, 1} Fe(20%)/G 7E 30 min Pk P&k AE 35 31 W% fhF- 16
Ff# 180 min Y JL-F-E. 41K %] 100%, Fe(20%)/C Fl
Fe(20%)/G )W f B fEROCR 47, 3R &, mE S
MUEEIKAE IR, HOBUAEK ) 43 i AL RE B T & 1, L
AR Fe(20%)/C 1EHIRFIGfLHE R 39.288 kJ/mol, fif
WA IK S Fe(20%)/G 1E HIRE AL BE A 43.814 kJ/mol,
I 0T A e nT R e RCE K B o, R
Fe(20%)/G MR SRR BT .

1.0

0.8F —=— Fe(20%)/C
—o— Fe(20%)/G

0 100 200 300 400 500
t/min

Bl 4 Fe(20%)/C Fl Fe(20%)/G freth 51T W [ e Aot
Fig.4 Adsorption degradation of Fe(20%)/C and
Fe(20%)/G under optimal conditions

3 ik

ATk A 3 48 1Y Fe/C FI Fe/G W FFF IV FFY 6L 15 15 9
B, 2l P e Rl A B0 118 W R s &, R i LA
TSR TE RS , Fe(20%)/C Fil Fe(20%)/G M 2 %
G A AR R fe T 3k L Il 5 Fe(20%)/C Al
Fe(20%)/G #4454 Freundlich W 48R 7 72, Hoep
X} Freundlich W %53 7 FR A5 RO L Langmuir
A EEGF, 150 I 7 W T 3 2 v [ s A A B 22 W B R 22 )2

W BT, H ST ] T 22 R B s Fe(20%)/G AL 7 i XL
AR IR ALRE R T Fe(20%)/C 1E IR TR AL RE , 1A &
I A BT AL RE B IR SR DL K A B R 43
AT T A SE o IV Y R A4 R A TED 4 R R A4
TR AR .
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