=5 M0t = 1k

Acta Materiae Compositae Sinica

BT (G 8 B SR B MO, 25 WP

B TR R Tohh RT A S E T

6-MnO, supported on low-grade PalygorsKite clay from Linze as a catalyst for formaldehyde
catalytic oxidation at room temperature

HONG Xiaomei, CHEN Tianhu, WANG Can, ZOU Xuehua, HAN Zhengyan

TELR R E View online: https://doi.org/10.13801/j.cnki.fhelxb.20210609.001

ST BRRRNER IR LAt SO

Articles you may be interested in

Fey0,/MnO, EHE 52 45 A AL 0 5 e

Preparation and performance of Fe;0,/Mn0O, magnetic bimetal oxide catalyst

S AREH. 2019, 36(1): 147-158  hitps:/doi.org/10.13801/j.cnki.fhelxh.20180510.002

g=CoN T3 -Ti0 /T F M B 0 S S AR il 28 SOHOGHEAL T RE

Preparation of g-C;N,, quantum dot-TiO,/conductive attapulgite composites and their photocatalytic performance
B AW RAIR. 2021, 38(8): 27062714 https://doi.org/10.13801/j.cnki.fhelxh.20201011.003

I BB WO AL A2 5 b 6 B

Preparation and performance of attapulgite/Bi, WO, photocatalytic composite

HEMBFAR. 2019, 36(9): 2119-2130  https://doi.org/10.13801/j.cnki.fhelxb.20181203.001

RS IR X L2 AE S S A RHAE RE Y 2

Effect of ambient temperature on the properties of piezoelectric fiber composites

SFA MR, 2021, 38(2): 583-590  https://doi.org/10.13801/j.cnki.fhelxb.20200617.001
PREE IR AN IR & A Ak — 4 T8 TR B S M ML $2 4T 3 00 i 1) R

Effects of temperature and clearance fit on the load distribution of composite—metal hybrid structures

A MR, 2021, 38(12): 4228-4238  hitps://doi.org/10.13801/j.cnki.fhelxb.20210301.005
R R A/ — TR e Y B TR B A 1) o 5 B FRAE

Preparation and properties of lignosulfonate/melamine formaldehyde microsphere foam

B AMRIEAR. 2018, 35(9): 2362-2368  https://doi.org/10.13801/j.cnki.fhelxb.20171201.002



§é$j*4$*ﬁ F390HE 4 O 4H 20224

Acta Materiae Compositae Sinica Vol.39  No.4  Apr 2022

DOI: 10.

13801/ j. cnki. fhelxb. 20210609. 001

miFE O BRmA M OEAR L 512 5-MnO,
= im P fif FH 2

Ry BEAE, LN BT BEPR

(AT BIRGIHREE TR GORE™ 515 Qe Pl 22 B W m A A S0, A AL 230009)

o OE BT A DAL U AR e R R ARG )8, T A A B I R AT A A T T e A
(PPCI) S #AA,  F) FH o ol 1 00 R R R O S N T ORAAS 3 it AL Ak i R 2 i % MinO,/PPCI & A fiEfb51], JIFH
FHE T EMENSS PR BEIUREN . 458 %, Mn 18 h 33.6wt% 19 E S HAG I SrEeE, 3
AL, Y PEWEN 1.22 mg/m® B, KFRZFEAE 720 min PREE 99% LL L, ik 21 8-MnO, 74
[F S B 22 B R RN 87%; #RAS LI TP X T 46 ¥k FE 2 146.6 mg/m® (Y HH SR K B 3 3k 95% L I,
PPCI 11 5-MnO, 1] L i % $2 = 4 3L A AL 79 2 IR R A P AR . 5-MinO,/PPCI & A i Ak 70 ok ik FR 18 2 7 3o
ZH 1% T 8-MnO, MM AR LU YR A, A E R IR (73.2m%/g), TLIRED
T Z Mn®/Mn* G PER X, RS T 2 G0 0 SR IR RE ) i A2 d M I R 2 (i kTP I T 68 A
i3 JFALLAMGTE (In situ-DRETS) #1158 1 FH A 52 G AR R 1D v ) 7= ) ) A ORI A #2, B5 R SR W P i
TS R H PR B A O R B A (DOM), T B 3R T M VR R R R A (HCOOY), AP AR
CO, FT H,0, I HLAE A 5 0 715 76 3 1 558 7 W] 3 1M1 ™ e Ay 3 T WO o /K 5 3 T i e 4 i oy P A . AR TT 5 3 3 I
RARSA M AR L, REEREAAE, AR RSE G ENS SRR AR B % .

KR ANRAIMN A HEARY; T R PR

FE4r2£S: TB33 XEAtRARAD: A XEHS:  1000-3851(2022)04-1617-11

3-MnO, supported on low-grade Palygorskite clay from Linze as a catalyst for

formaldehyde catalytic oxidation at room temperature

HONG Xiaomei, CHEN Tianhu', WANG Can, ZOU Xuehua , HAN Zhengyan
(Key Laboratory of Nano-minerals and Pollution Control of Anhui Higher Education Institutes, School of Resources &

Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Aiming at the low utilization rate of low-grade palygorskite in Linze area, MnO,/purifing palygorskite
clay rich iron (PPCI) hybrid catalysts were prepared by the redox reaction method between KMnO, and (NH,),C,0,
via using low-grade PPCI from Linze as the support. The §-MnO,/PPCI catalyst with Mn loading of 33.6wt% has ex-
cellent performance for formaldehyde oxidation at room temperature, which maintains more than effective 99%
formaldehyde removal rate within 720 minutes. In contrast, the effective formaldehyde removal rate of the un-
loaded 8-MnO, sample is only 87% after 720 min. Also, the removal rate of formaldehyde with initial concentration
of 146.6 mg/m?®is more than 95% in 1h. The above results reveal that the introduction of palygorskite clay as the sup-
port greatly improves the efficiency of the MnO,/PPCI hybrid catalysts at room temperature. The formaldehyde ox-
idation kinetics results follow the second-order kinetics. Manganese oxide was highly distributed on the surface of

palygorskite, resulting in a larger specific surface area (73.2 m*/g) and expose more Mn*/Mn** couples, which im-
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proves the redox capacity and electrochemical activity of the composite catalyst and contributes to the process of formal-

dehyde degradation eventually. Based on the analysis results of in-situ DRFTS, the formation and conversion of formal-

dehyde on the surface of catalysts were revealed. Formaldehyde is first converted to dioxymethylene (DOM) by surface

hydroxyl groups (-OH), and then oxidized to formate species (HCOO~) by surface active oxygen, HCOO" is finally oxid-

ized to CO, and H,0. The consumed -OH groups can be compensated from the activation of O, via water and sur-

face-active oxygen species reaction. This work paves a new road to utilizing low-grade palygorskite clay as compo-

site catalysts for air purification at room temperature.

Keywords: low-grade palygorskite clay; MnO,; formaldehyde; oxidative degradation; room temperature
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Table1l Naming of MnO,/purifing palygorskite clay rich
iron (PPCI)
Sample Mn/wt%  KMnO,/g PPCl/g
6.2 -MnO,/PPCI 6.2 0.55 3
11.6 3-MnO,/PPCI 11.6 1.18 3
15.7 5-MnO,/PPCI 15.7 1.64 3
23.0 5-MnO,/PPCI 23.0 2.57 3
26.7 3-MnO,/PPCI 26.7 2.87 3
33.6 6-MnO,/PPCI 33.6 4.44 3
35.6 6-MnO,/PPCI 35.6 4.85 3
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K, WM E K 167.5 mg/m®, 4 10 min ic 5% —
X XRD 3% . i FH AL Ak 2% T /E 3% (CHI-660E) X
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Fig.1 XRD patterns (a) and Raman spectra (b) of MnO,/PPCI composite catalysts
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Fig.2 SEM and TEM images of PPCI ((a)~(b)), 3-MnO, ((c)-(e)) and
33.6 5-MnO,/PPCI ((f)-(0))
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Table 2 Specific surface area of MnO,/PPCI

Sample Surface area/(m*g™)
PPCI 64.3
$-MnO, 414
6.2 3-MnO,/PPCI 46.6
11.6 3-MnO,/PPCI 52.7
15.7 -MnO,/PPCI 55.4
23.0 6-MnO,/PPCI 58.2
26.7 3-MnO,/PPCI 67.8
33.6 6-MnO,/PPCI 73.2
35.6 6-MnO,/PPCI 59.8

2.3 MnO,/PPCI £ 5L FIMRENL FER

FH XPS M T 4L R R MIOCE M., O i fb2%
WA, WK 3R, K 3(b) H Mn2p,, HLi 7 F
641.1 eV, 642.2 eV Fl 643.1 eV 43 %] XF i Mn*,
Mn*Fl Mn* F B0, AR 8 E iR W b 4y i TR
33.6 3-MnO,/PPCI k£ iy H Mn* Hll Mn™ (1) 4 & 5 kb
0.92, B% KT 3-MnO, 5t (0.88), K WIH™ ¥ 81k
B 51 A BT 3 £ Mn®/Mn*™i6 P #5250
Mn®* 1 Mn*7E H A A0 R ik o 78 v 35 A F 2 4
A, Mn*BA B 5R i A LR R 1, Mn*fRrE R
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(a) Total survey scans
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Fig.3 XPS spectra of 3-MnO, and 33.6 3-MnO,/PPCI: (a) Total survey scans; (b) Mn2p; (c) Mn3s; (d) Ols
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Fig.4 Electrochemical properties of catalysts: (a) Cyclic voltammograms curves; (b) Tafel polarization curves
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Table 3 Fitting data of the first-order and second-order kinetic models

Order Parameter PPCI 5-MnO, 15.7 3-MnO,/PPCI 33.6 6-MnO,/PPCI
First ky -0.0012 -0.039 —-0.038 -0.041

R 0.7744 0.8031 0.8453 0.8108

k, 1.45x10™* 2.18x107 1.59x107° 1.86x107°
Second )

R 0.8800 0.9891 0.9946 0.9872

Notes: k;—Reaction rate constants of first-kinetic model; k,—Reaction rate constants of second-kinetic model; R*—Correlation.
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