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Preparation of diatomite supported Fe-Mn binary metal oxides composites and

study on photocatalytic properties
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Abstract : Taking diatomite as the research object, a novel heterogeneous Fenton composite material is prepared
through co-precipitating iron nitrate and manganese nitrate together on diatom shell in a buffer solution environment.The
loading form and microscopic morphology of Fe,O, and MnO, on diatom shell are reflected by XRD, SEM and other
means. Heterogeneous Fenton reaction is used to treat simulated RhB wastewater to evaluate the catalytic activity of the
composite. Comparison of removal efficiency of RhB is investigated under different pH, temperature, catalyst dosage and
initial concentration to test the catalytic activity of the composite and its degradation kinetic parameters against RhB.It is
found that Fe,O; and MnO, ,two active sites on diatom shell, cooperate to complete a valence state cycle to catalyze +OH
generated from H,0,.

Key words : diatomite ; dynamics; double active site; synergy mechanism

GOBL KGR AR 25K R MUK A 25k T H
FrEm AL E . YRR K B U4 2 2 CoD,
(RN b it o S5 RS 0 TR ot HOOG AR BT E
WIREAR T 1) R SR o AR Z m R WL 4R
BT IR T K AE S B9 AR AR AF R T
YR T R AL 48 N R TE e

Fenton AN i BGLRHE K 5 A il 19 R 44
FAPAR Z — B A DR = 8% 1 ] B AR A
PRESRA @M L, (B Fenton HEARMK R A
TE Fe' i J5UN Fe® HYRCRA R, BRI T Fenton S
APEES, 2 H,0, YA HTRAR, i [ 2k I AE
R a5 AR A Fenton (Y RMEALT, 7T LIA

BOH IR TR O, Nk Fe®* /Fe™ ) Fenton S/
PEIR, P25 Fenton VAL, JEFIAH Fenton fELAR
LR MR R, G4k — PP R BB 32 B 3L A il 3 LR
PE R AT PR P 2R AR AR X YR K iR LA 1
O3B X,

f o R T TP B RE R AR AT R
YEH TR B RERR SR DRV e 1R B T ak v 4
H A= R FLIE S, LB RE AT 35 2 80% ~ 90% , H:
MBS 5L T E T HAE AR A
R R SR, HEEHE AR E
) DI it 35 AT k5 R TR 3 ek 3 0 AR T 25 1 S 1T
NP L RRIE 1S B Z RN . I 2B D

%5 B #A.2019-12-30; &€ B H #1 :2020-08-08

EEW B WA HF TR EORIEST RIE ST H (B2019054) 5 F 44 B IR SRHR L34 16 B0 7 B 0 590 2 T iR % BT H (KLRM -

KF201905)

TEE RN K (1986-) , 55, Hli-t Rl W25 05 ol i b kL i@ THREK R N, Zfslianghuan@ 163.com,,



2020 F 10 B

FEBS ORI &, 51 A8k — o & Jm AL ik
T XUV s R 2, il — FloB B AR S 4H Fenton &2
MR BT RAE T fE#E L5 Fe,0,/MnO, 44K i
B ARTEZS AIE X R LS FHH B B gert
7J(,ﬁ§7§éj:—F6203/Mn02 AR N =R Fenton 1
AR FEAN TR SR S5 AT #0065 S N 3l ) 27 2 80k
G560 e AR T A

1 LEEH

1.1 UE5iRF

RARMESE L, K AR A R SHE AR A
IKCBE FhIR | FUA AN JUK RS IRk | VO 7K A R s |
HHEACE PP B, 34 A b, [ 2 A A AR A
FIA BRI A 2B oK, 8= A,

DF-1 AU TE R /K 4R ; SX2-1-10 BISLEG %
L4 s KHS00 AL A I8 Bk 5 SG-XL1200 #Y 15 3f;
B SG-XL1200;300 W #5224 .

1.2 #E#E 1 -Fe,0,/Mn0, E5#HIHIFI &
1.2.1 FEadErmane

FRIUE T KSRk 1 T H BB v 52 0 A s 2
J&, 3 500 H i, BT 20 ¢ T = H B,
100 mL HCI( B0k 20% ) BRI, 15 % 2 )
FE 100°C 247, R 3 h, se e KRk R4,
ok, LB TR E RIS IEY), RIS pH %
T BT e AR RS A B e AR R
A
1.2.2 SR4EEMBALE LRI

FREC L. O g ikt 8 T R, A 50 mL
BF/KE RS 2 h BREEAE 0w s,
PR TR E T 60°C TR 7 5 i 4, KB A
0. 02 mol/L [YiF R &I W AN 0. 03 mol/L 1) il PR
R4S 25 mL, $EFE 30 min JEZHEMIA 0. 06 mol/L
AR E L &, T 60°C F4k&EiFE S h 5
KPR, B 36 h, it UE, 25T KRR A = g
WA, B A 40°C TR 48 ot T, 15 20 4% 2 [
AR
1.2.3 A3+ -Fe,0,/Mn0, Z &M 6% &

W LR AR AR R E TR S IRt N,
AT 450C KB 3 h, RHEXIREBA TR
o, BT S AR A B - Fe,0,/MnO, B & 41KH,
1.3 e

FRE— 2 H B RE T 1~ Fe,0,/MnO, HEALF, N
A 100 mL —EWEERS P B WL, 212 1tk [7)

NS R RS TR RS ST RE R AT S 151 -

IR B S EBCE Y pH, TR T BHERE 15 min
VA S RN IR (A S R N RO e i) | NS e
H, 0, A RN S7 23T IR 22 KT IR A A S
I AU L, FEIEIR 10,20,40,60 .80 min B 7351 iU
B L VR 23606 BE T 2 fe R AL
INIELLSIRIER

2 #HR5iITE

2.1 X H&T89Hh

Tk A 1 Ak 98+ 71 2K Fe,0,/MnO, ¥ 5
) XRD EIEaniE 1 s, BE 1 ks 1 v LUE
AT 20 O 21,360 4b BEBE 1 AN ERAS Sio, 1Y
R 4T 5806 20 h 26. 65° 4b BT HE K (101) fb i
PR S | A DL 4% I A A 0,y L IR A s
FES A R, TR 1 gLk 2 T LAE 20
32.77°F0 37. 53° kb3t B 2 A~ G b | (EAT S o AR
55 , fir g™ e Ak, U Fe,0, Fil MnO, fhibfRSE
R/, Fe, 0, 1 MnO, kLR LUAE & & 19 1B A7
7 ; IR EE A Si0, FOAIT 5 T W o B I 0855 ,
AT LAHERT , Fe, 0, F1 MnO, k7 285 45 A5 K AERESE T
PRI, FEE 1 MR EEF 32 3 T 8 R, S EUmE S
kA,

A A%
o« AREBESIO,
ES 2+ AEEAFe,0,
3 = * : AE@AEMRO,
g 2
s\ £2
= wmlosg
& \ ~ A 1]
WM
10 20 30 40 50 60 70
20/(°)

| —Fk s + ; 2—Tk i + -Fe, 0,/ Mn0, & &8
B 1 EEEAE L+ freE# 4+ -Fe,0,/Mn0,
&4 ## XRD A
2.2 PAHEBTFERESHT
Tk RS A i AN 3 1 - Fe,0,/MnO, FE 5 A
SEM & K EDX fieig K anE 2 fron, i 2(a) Al
A R - S R AT IS | eSS IR FLIB S5 RV
B, FLAE 29K 400 nm, [A] B DL 4% o % Z€ FLiE .
B 2(b) ATAL, 5138 Fe,0, Al MnO, XU P47 45 )5 #
REBE OIS RO L IEE — B BUR & BN
KIGURLIES , G KR RE AR 298 50 nm, [] B LB 25
TR IH G M A 3 58 . 75 28 B2, &8 9K
BLE AR IE TR 4 A 2 Ff . — R DR B AT SR
KA TEALAR DU 5 75 Fh—Fh LU A3 B IE Xl



- 152 - LA, AL T

TEfEdEseiA b, W 2(e) ATLIE Y, EEITR N
Fe F1 O, i 435050 9 4 53. 85% F1 29. 02% , 1 /&
Fe,0, Mfb2=g5#=0, hiE 2(d) T IE H, 2
JCER N Mn #l O, 1 & 7 805 Wl o 47.32% Fi
22.70% 15 /& MnO, k22454 2, 50 40E T ¢ 71 2%
XUEPERL 5 B FEE L, Fe, 04 & LUKLAZ 9 50 nm
BBl /N R 2 A K 7 R e 52 R K T, MnO, J2: DL
REAER 300 nm A ERIE UKL 04 I 20 B 76 Ak 8 7 4
M,

3s plAe
— ol %
(a) TE#AS + W SEM & (b) BEFE +—Fe,0,/Mn0, Z4&
PR SEM &
FE REAR% BIREARY =% REAE% RIREAN%
CK 0219 05.22 OK 2270 42.03
|0 0k 200 5103 s Fel.  14.10 09.10
= SiK 14.95 1524 = SiK 15.88 19.36
El FeK  53.85 2761 £l oMk 432 2951
S Matrix Correction ZAF 5 Matrix _Correction ZAF
Fe Si Fe Mn

Si

200 400 600 800 0 200 400 600 800

BB /keV ZEE 8B keV
() B+ -Fe,0,/Mn0, B4 (d)EE+-Fe,0,/Mn0, &
MRL MK Fe, 05 EDX A BRI S0k MnO, EDX &

B2 LR % £ -Fe,0,/MnO,
& 4 H Ry SEM A1 EDX

2.3 AERREEZETZT A B EERAZM

ANV B2 R A4 2R X6 % P BB €9, 236 1) 52 T
&3 B, RNARZR % P B W0 46 T ik
F£24 50. 0 mg/L H,0, #JE 4 5.0 mmol/L AL
F TR R 0. 10 ¢/L,

100[

8o
60
40t
20F

BiaR /1%

oF

40 60 80
IR ]/ min

1—HEBNE £/ vis ; 2—HE W +—Fe, 0,/Mn0,/H, 0,/ dark ;

3—Fifi 4 ~Fe,0,/Mn0,/ vis ;4—Tfik#i - ~Fe, 0,/ Mn0,/H, 0,/ vis

B3 FRREERMETYBRERYH

F40BE 10 5

H I 3 AL R IR T, AN H,0, %
W7 3 1 ~Fe,0,/MnO, & & F KT P11 B Y
€83y 32, 55% , W = T RESERS £ X5 B PR B 1Y
J a3 BB ZFL A5 H I Rk SRS X5 2 FHEH B
A R B A T A s = S 3OBUE R
I T4 @ G oK ORE S 3 fin T L Lk R AR, — e R
LA T X PR B AR BRSO, DI A S R
fiff S I HE AT B B %5 RO PR BE R A RE B+ -
Fe,0,/Mn0, A& MK H,0,, ZFHH B /)  €8%L
5 30. 29% , kG EE T % + - Fe,0,/Mn0, &
HMRICRBOR A e - O T4 T — 8 B IR
TP B M 0 B, T 99. 14%, kW]
R, [ A AR R 1,0, T el v e R 2 A
FEr | P SR AE AL R e TR BB B R, 48 T O IR
JE A - O, i 388 50 1R 3 T P 174 2 0k 5 17 4%
TGP S Fe,0, Al MnO, % A IR, P [ A FH
fift T % PHIH B,

2.4 FEELT 5 Fe,0,/Mn0, E&MEIERIH
ZEWR

X% FH B BEAR G R EAT 20 01 2 R, LB AL
P8 1 — B 5 A 1 A ( Langmuir — Hinshelwood &
ALY HRIAA N

In(C,/C) =k xt
Hr.c, MEEHE I B BRIIRIREE ; C, IR
HIE] ¢ IR W 2 PR B B IR B kO R
WL,
2.4.1 pH *I## % F-9A B 4930 ) F 4541

W pH X301 Fe, O, Fl MnO, HURL{# fL
T G AR B B 5, B 4 s () g i e 3
#H Fenton S HEALHIR . KN AA R AN [FR] 46 pH
T ik 4 -Fe,0,/Mn0, & AR XHE PFI B [ A
msh ket anid 4 s, mIE 4 el LA Y
A% pH 4 3. 0 B, R E AL k (H A K ,40 min B2
FHH B RBRFE 90% 2547 s MK R pH hy 9 B, 3K

5 —
y=00574x+0.005_g-w 1
4 N <
~3 y=0.0474x+0.002 g
O %
\Q
)
=
£
1
y=0.0242x+0.102
0 y=0.0346x+0.004

0 20 40 60 80 100 120
IR B[] / min

1—pH=3.0;2—pH=5.0;3—pH=7.0;4—pH=9.0

K4 pH XFEMZ FH B 30 41 %% KA b &



2020 F 10 B

REE AU pH N 3 19—, LR ks R
K& Bl pH AR, — 7 TG PO A5 Fe, 04 77 AE
(1) Fe BT IE 2032 2 BRI, 4k = 28 A fh M e R
fi%; 55— 71 H,0, 15 pH %85 BEREE N [ /i %
Tl AR TR R T H,0, B9 BRI T AL
Rff ol %, PR pH BRI XS 2 FEBA B Y R fif B
HAFI,
2.4.2 BT ERESSEMT B oy F
A

AT B U 3 ) R A 2 PR B B ) 2E 5 )
LG & mE s pin, B S 7TLUA 1 A
AT T I 1 1 A, R R B ke 2 SRR RS D)
(AR B, L B A 70 Joi o Ik 8 oo g o I A 2 il
SV B OE H BEAT . 2 AR ) I A v R O AR R
[Fe ,Mn™ 1/[ H,0, | 5/IN, 1 P4 5 T vk ok =
A TG R R R B R B RN, 5 A S R )
%, LB MR ik R B — A E T G ik
SRR B 5 FH B YA 70 It o s ), AL
TR Jo e AR 3k KA B 2 R AR BRI A B A — 3 o
TP S, W/ TR El 2 AR, W B B B B
6] H,0, ¥ 8 H2 il 1ad ALk /N, AT RE Wi T 4 2Z il
(A S, 5 A AL R

6

5F y=0.0565x+0.025 3
~ 4r R 2
S ol y=0.0490x-0.024 £ -
g - ///v 4
= 2r /'//:/ - 1'

1r = £ y=0.0226x+0.072

= y=0.0373x+0.331

(l) 210 410 6]0 810 l(l)O 150
eI /min
1—0. 05 g/L;2—0. 10 g/L;3—0. 15 g/L;4—0.20 g/L
HS AAMREREXRBET A B H¥
o R At &

2.4.3 FEARBREXNEMRT A B A F
A

YR v B X B R 2 PR B 2 ) 2 5w I
A thZemE 6 o, HE 6 hal LU, i §4
Ak v B AN T Y I, 2 07 T H BN s )
YL bu B ok s AL S A PRI VE . R
AT T FHB B L R A 68 A — i 1B
8, BI 248 AR EESE + - Fe,0,/MnO, & & BRHK
—RER, R R AR A TE R 5 A R, TC
it i YR T A S, AR BT [ Fe™, Mn™ ]/
[H,0,]—& 0}, ALY R K E o & X Fe Mn {1k

DU R ARKE TR RS SRS REE AT £ 153 -

H,0, A HESRAIMHRIVE , BRED T R R

4 y=0.0470x+0.125
Sy
3 y=0.0347x+0.047
-
S
>
QO
-1 rs
=1 > .
. ——
0 "—%’;5011“(0.0454
y=0.0205x-0.022
. H L

0 20 40 60 8 100 120
HeHR ] /min

1—50. 0 mol/L;2—100. 0 mol/L;3—150. 0 mol/L;4—200. 0 mol/L
Bo6 FHAndhikEMEME T B ¥
B Bl A
2.4.4 BB EITEM T ST B 493 I F 5T
X FAEIHH Fenton &2 220K &, T iR AN 2>
TP A 2R A 114 S b7 46 A 25 8 Tl sz oy 1 32 | []
L2520 H,0, F 7030 B DL BE X b 2 5y
BHE KM 52 2% o SO BE X R fie % FHBI B 3 0
SERM R A M E 7 fros, WE 7 Rl LE
P AR T P B IR E 1) P v TR O, 10 P AT >
AU B 0 L PN TR A v, T MR AR R] 1 R 2 R Y
R IAT = 911Ky i (1) IVl 5 BT e S T e 2
it S NE o A S LA SRR TR S R 1Y B TETRL
R A B AN R

y=0.0653x+0.295

y=0.0618x-0.179
= =0.0483x +0.067

y=0.0615x-0.065

In(C,/C)
S = N W A W

0 20 40 60 80 100 120
Jt:HR A [H] /min
1—25%C ;235 ;3—45C ;4—55C
W7 REBEXEMRZFA B FHME
WA &
2.5 RMHESH
A AT AT LA UE A Ak SOy 7™ 2 1Y) E R SR A
TESr i BARY b RS RERT . A BR AR SE g v
lia) e A4 S AR R 5 2 mmol /L 9 IE T B, 4558 H
FAHPN T L P B B R E N, 45 Rl 8
i N S S R S R | T O 3 e R R T
A RGNS, BB, % P B 3R
104 32.12% , % P Bl €A 30 0 B 35 T R Ul B A
H R Y R VAR K R W T e 1 3R I ik ) 41 30 7, At 2
TEVEAE IR O AR R b 7 AR B R B B el i [ I



- 154 - A A L E 405510 H

PRI SEAROE T 106 P 2 R & FE AR F T SR Ak 2
FHH B,

100

8oF
60}
40F

B/ %

20f

JEIRA ]/ min
1—IF T/ 7k £ —Fe, 0,/Mn0,/H, 0,/ vis;
2— T + -Fe,0,/Mn0,/H,0,/vis

K8 EmEHAMNTHEZAABHREE
BT BRIV B ) SN B R K S 2
e HEM S AR R R ) H,0, TR TR G 2t
5 MnO, &AL, 4 I H ) Mn* 38 52 Mo™ | &
A= LT EERS Y A B A 77 - OOH ; Mn™ 4K Z24 H,0,
HHTEALS Mo® NTITZE 1 - OH L AP H,0, 6235
F6203 Y Fe™ KA T A H, Fet WL R R
e IRl B AR I Fe™ 238 H,0, HRIE AL Fe'™ |

mﬁk~/\1/\_\ﬁ§% , DRI HLER AN & 9 BT

H,0 Mn* Fe? H,0,

272

M- e

H9 E% 1+ Fe,0,/Mn0, & & # £
AL R B ENE T EE

(g

3 gy

(1) XRD . SEM 73 Hr 45 5 3R W, R0 M A i
Fe,0, 5 MnO, HJLLAE S AL 26 20 8 ek i £ 3%
1], HA G PR 05 Fe, 0, IKLARZY R 50 nm BU% QHEI
ANEUREIE X34 50 R K Tk i £ 3R, MO, LUK A
24 300 nm AOERTE J0RL 2 2L B2 R v 1 e T Xﬂ(ﬁ
PEOL SR T X RS+ A& A T BT R Z A8, IF AR R
B fLEA TS ZE, A nk i L R 2 fLE SR
SEUF
(2) i i Langmuir—Hinshelwood #& B4l & T fi:
At -Fe,0,/Mn0, 7£ &% P B o B p & R
pm%ﬂﬁﬂ“ﬁ%%&ﬁ* ?j“*ﬂr%ﬂiz“%ﬁfﬁﬁ‘%ﬁﬁﬁ 5
T XS H, X2 P 2 5% ) 0 P A6 A B

H,0, 77 X E sk A e b i T R R

(3) FEfig o 7 v, B 28 - 3R T A XL
75 Fe,0, 5 MnO, i1t Fe/Mn 81 NFH— M
UG, MEAL H,0, B AE B T M - OH FlT- OOH
SR 2 PHIA B, [N LAIE T W5k 2 34 2R 7] , 31 I
T -OH A ZREMAEIL T P B 10 CE Y T

&% 3k

(1] FEHFY RSO, i K Rtk B 5 M A VO, it — &
REEA T[] BRAE T, 2019,39(8) : 191-196.

[2] BREAE SRS B UL IR BOR AL B A PR R K BT [ T].
BT, 2019,39(4) : 112-115.

[3] B3C%, THEME, . OKR 90 CuFe/CuFeO, 145 2 H 2
Fenton fEALPERE [ 1], BRI T2 K 2% 2% 4, 2017,39(2) . 147-
152.

[4] Yao H,Peng J, Yu Q,et al.Preparation and phosphorous removal
performance of FeOOH coated diatomite [ J ]. Inorganic Chemicals
Industry,2011,43(5) :24-27.

[5] Macarena Munoz, Zahara M De Pedro, Jose A Casas, et al.
Rodriguez. Preparation of magnetite-basedcatalysts and their appli-
cation in heterogeneous Fenton oxidation-A review[ J].Applied Ca-
talysis B :Environmental ,2015,176.249-265.

[6] DuY,Zheng G,Wang J,et al.MnO, nanowires in situ grown on di-
atomite ; Highly efficient absorbents for the removal of Cr( VI) and
As( V) [J].Microporous & Mesoporous Materials,2014,200:27—
34.

[7] Liang H,Zhou S,Chen Y ,et al.Diatomite coated with Fe, 05 ,as an
efficient heterogeneous catalyst for degradation of organic pollutant
[J].Journal of the Taiwan Institute of Chemical Engineers,2015,
49.105-112.

[8] Yuan W,Peng Y,Dong L, et al.In situ, hydrothermal synthesis of a
novel hierarchically porous TS-1/modified-diatomite composite for
methylene blue ( MB ) removal by the synergistic effect of
adsorption and photocatalysis [ J ]. Journal of Colloid & Interface
Science ,2015,462:191-199.

[9] Zhang Y X,Huang M, Li F,et al.One-pot synthesis of hierarchical
MnO,-modified diatomites for electrochemical capacitor electrodes
[ J].Journal of Power Sources,2014,246;449-456.

[10] ZE¥k, skAEmT, A 0k, 46 ik B L R ERAIK Fe, 05, EEMBHIOL
HEALTERENTSE [ )] AR B H™,2017,40(6) :98-100.

[11] Guo S, Zhang G, Yu J C.Enhanced photo-Fenton degradation of
rhodamine B using graphene oxide—amorphous FePO, as effective
and stable heterogeneous catalyst [ J ]. Journal of Colloid and
Interface Science,2015,448.460-466.

[12] Tang W,Qiu K,Zhang P et al.Synthesis and photocatalytic activity
of ytterbium-doped titania/diatomite composite photocatalysts[ J ].
Applied Surface Science,2015,362:545-550.

[13] Wang B,Godoi F C D,Sun Z,et al.Synthesis, characterization and
activity of an immobilized photocatalyst; Natural porous diatomite
supported titaniananoparticles [ J . Journal of Colloid & Interface
Science,2015,438(438) :204-211.

[14] M8 QORGP FR IR G5 A0 T3 - U S i [ 7] s kA
2% .2018,43(5) :1384-1407.1



