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Study on the removal of malachite green by manganese dioxide with

different crystalline forms
XIAO Yong',HAO Huiru**,LI Jun', YUE Jin',ZHONG Min®*,ZHANG Qian®
(1. CCCC Second Highway Survey and Design Research Institute Co. , Ltd. , Wuhan 430056, China ;2. School of
Urban Construction , Wuchang Shouyi University , Wuhan 430064 , China ; 3. School of Civil Engineering and Archi-
tecture , Wuhan University of Technology , Wuhan 430070, China)

Abstract: Three different crystalline forms of manganese dioxide (a-MnO,, 8-MnO, and §-MnO,) were prepared
through hydrothermal synthesis method by controlling K™ concentration. It could be observed that «-MnO, had a lin-
ear structure, B-MnO, had a filamentous structure, and 6-MnO, had a two-dimensional layered cauliflower shape
with rougher morphology and a large specific surface area. XRD analysis showed that 8-MnO, showed many sharp
and narrow peaks with good crystallinity. The characteristic peaks of XRD spectra of a-MnO, became wider and
shorter, indicating the presence of smaller crystallites. The peaks of §-MnO, was broaden and had poor crystallin-
ity, with the smallest grains and large interplanar spacing, which was favorable to the catalytic reaction. The re-
moval rates of malachite green(MG) by the three manganese dioxide were 8-Mn0,> 8-MnO,> a-MnO, in descending
order, indicating that the morphological structure and characteristics of 8-MnO, were most favorable to removal of
MG. The effects of pH and the initial mass concentration of pollutants in 6-MnO, system on the MG removal were in-
vestigated, and the results showed that the removal rate of MG increased with the increase of pH and decreased with
the increase of initial mass concentration of MG. In addition, the adsorption behavior of -MnO, on MG was in accor-
dance with the Langmuir model and pseudo-secondary kinetic model, which belonged to monomolecular adsorption.
The surface adsorption sites were uniformly distributed, and the adsorption rate was controlled by chemisorption
with a theoretical adsorption capacity of 40.55 mg/g.
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Fig. 1 Three crystal types of manganese dioxide
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Fig. 2 SEM images(a~c) and XRD spectra(d) of MnO,
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Fig. 3 Removal rates of MG by different crystalline MnO,
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Fig. 4 Removal rates of MG at different pH
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Table 1 Removal rates of MG at different initial mass concentrations
Wb o Tk R/
(mg-L™")
BRI/ (mg- L) 8.81 17.42 29.09 34.79 37.05 38.66 39.75 40.24
L BREI% 96.38 92.62 77.43 43.82 29.47 19.33 18.12 17.58

10 20 50 100 150 200 250 300

13 1 AT UL, Bl MG WA TR B 4 5, MG &
PR TR S . MG W) I 0T & Wk B 10 mg/L T 5
F| 150 mg/L I}, 22 bR 2% i tH 96.38% F# & 29.47%.
5 Y W i BE AR N, 8-MnO, B W2 BEA37 A 78 2 L Fe 9 1y
R EBR . 2 MG T+ 200,300 mg/L B, KB
HEFFTE 18% 2 A7 HA AT ARk . W] U, 8-MnO, 114 W Fff
LA B, 2 8 B s 30 S S0 W B 5 A B, MG 25 B
BT R AR
25 WMERL

MG ¥J b 5 5 & BE R 0~300 mg/L B §-MnO, X
MG i W B 250 an 1 5 Ca) BT 7R o

M & 5 (a) AT UL, MG 9] 46 5 5 ¥R BE <100 mg/L
B, 8-MnO, fr) W B ~F- 1 25 12k Bl MG J5T o ¥k B 11 38 fin
M1 S0 348 K 5 B MG ) Ok e B 1 2 — 26 34
8-MnO, 1) W B V- il 75 0 5 I 22 18 , 3% ¥ ¥ T 1R Al
MG %) 1 5t & e B 4 300 mg/L i, W% BiF 25 35 3] 5%
KAH, M 40.24 mg/g.

Shy i AR W R AR 5 2 B X G 22 M) ) R AL B
WFFE A 4 T 22 A B A5 R 7 AR X S SRR Oy R
& A BB RS Y . ARz A9 Langmuir,
Freundlich 2538 J5 #2 v, 25 W Bff i B2 45 & Langmuirfff
AR 2 W B 3k R T T R R TR B A7 3 )
A s 27 W B AR AT S Freundlich 28 AL 80 | A K%
W B 38 i hy 22 ) W 6, A R A7 855 43 A R H 51

9 Langmuir ., Freundlich SRR R X S
B kAT LA, mE 5(h) (o) fiR M A S5
K2,

M 2 7] K 8-MnO, XF MG 1Y HL i W B 2k
40.55 mg/g, 8-MnO, % ff MG 1 2 5 Langmuir 5L Y
L4 5 M 52 R EC K 0.998 5, 2 Freundlich 45 7 40 &
J5 M5 BB 0.908 8. 8-MnO, X MG Y W% Bk #4 75
AT R AT A Langmuic U5 45 5T RS | B2 0% Bt st
2@ T 802 0 B}, 6-MnO, 2% 18 F W B 7 5 2 A
¥yspie,
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Fig. 6 Kinetic curves(a) and fitted curves(b, ¢)

%2 Langmuir5 Freundlich iR R A S #
of MG adsorption by 6-MnO,

Table 2 Langmuir and Freundlich isothermal model parameters

Langmuir %5 ji #5574 Freundlich %5 i A% %Y N »

=1 : T F P16 Ca) 0 MG % 5 ¢ Bl 41 6 2 € 7 42

@l v 2 PLmete 1n R .
(me'g ) (Lomg™) (Lomg™) ") Tt « 6 J2 W9 6 B B (0~60 min) , MnO, 7 75 K 4k 0%
BAH 4055 0.1748 09985 11.21 0.2499 0.908 8 R .

B a5, 25 BR Tt 5 DL 60~120 min BB, KR

M- 22, AT AR S I B T A 9 P ek /D B R T
BiF 52 19 5 S 7 R 8] 28 240 min B 0% B 5 R B B T,

I H

2.6 WMshH=
W 565 3l g 2 T g i o BRI I R AT A
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Table 3 Kinetic fitting parameters
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Bl 2E R RN A B A OC R K 0.992 8, AT L 8-MnO,
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(2)3E+#E 8-MnO, JH T )5 22 W B 52 56, 25 R 3R 1
MG 2 B 22 Bl 5 W pH (9 T s 13 K, B MG ) 46 J5t
VR R 0 38 g AR

(3)8-MnO, Xf MG B W Bt 3 72 £F & Langmuir 15
AL Bz 7R R T2 W B, 8-MnO, 3 I Y W B 7
KM EI5) . 6-MnO, W i MG AT 4 A5 & 1k — 2 5l
IR W B0 3 R A2 A2 W B BB R

5%
[1] RAJABIH R, KHANI O, SHAMSIPUR M, et al. High-performance
pure and Fe**-ion doped ZnS quantum dots as green nanophotocatalysts
for the removal of malachite green under UV-light irradiation [J].
Journal of Hazardous Materials, 2013, 250/251: 370-378.

[2] SRIVASTAVA S, SINHA R, ROY D. Toxicological effects of mala-
chite green[ﬂ. Aquatic Toxicology, 2004, 66(3): 319-329.

[3] SAPUTRA E, MUHAMMAD S, SUN Honggi, et al. Different
crystallographic one-dimensional MnO, nanomaterials and their
superior performance in catalytic phenol degradation [J]. Environ-
mental Science & Technology, 2013, 47(11): 5882-5887.

[4] CHEN Ying, MA Kefeng, WANG Jiaxin, et al. Catalytic activities
of two different morphological nano-MnO, on the thermal decompo-
sition of ammonium perchlorate [ J]. Materials Research Bulletin,
2018, 101: 56-60.

[5] CHAI Chaojing, LIU Aifeng, WANG Yao, et al. A MoS,-tem-
plated oxidation-etching strategy to synthesize hollow 6-MnO, nano-
spheres as a high-performance electrode for supercapacitor [J].
Ceramics International,, 2018, 44(14): 16923-16930.

[6] MUSTAFA S, ZAMAN M I, KHAN S. Temperature effect on the

[t}

mechanism of phosphate anions sorption by 8-MnO,[J]. Chemical
Engineering Journal, 2008, 141(1/2/3): 51-57.

[7] LI Qiangian, HUANG Xinchen, SU Guijin, et al. The regular/per-

[

sistent free radicals and associated reaction mechanism for the deg-
radation of 1, 2, 4-trichlorobenzene over different MnO 2 poly-
morphs[ﬂ. Environmental Science & Technology, 2018, 52(22):
13351-13360.

[8] ik, BAmREL, SREE, A AT i 28— S A0 A w42 4 4 25 AR AT
FELI]. LR TN, 2017, 49(8): 14-18.
WANG Ge, ZHAO Xiaoyu, ZHANG Jin, et al. Controllable hydro-
thermal crystallization of MnO, with different crystal forms[J]. Inor-
ganic Chemicals Industry, 2017, 49(8): 14-18.

[9] JAIN N, ROY A. Phase & morphology engineered surface reduc-

—

ibility of MnO, nano-heterostructures: Implications on catalytic ac-
tivity towards CO oxidation [J]. Materials Research Bulletin,
2020, 121: 110615.

[10] sk=Rar, KRS, kb, . SR /N ZSM-5 237 0 Y et ]

NG O e e A i 0 52 (7). OB 2 24 412, 2010, 38(4) -
483-489.
ZHANG Suhong, ZHANG Bianling, GAO Zhixian, et al. Effect of
zeolite crystal size on the catalytic performance of HZSM-5 in the
reaction of methanol to light olefins[J]. Journal of Fuel Chemistry
and Technology, 2010, 38(4): 483-489.

(1] Jege . AT 2 — S Al i i AL S A SR Y N LR 5 2 @
P (D] BT - WHT R, 2019,

LONG Yu. Reaction mechanism of catalytic oxidation of chloro-
benzene with different crystalline manganese dioxide and evaluation
of toxic by-products[ D ]. Hangzhou: Zhejiang University, 2019.

[12] MOHAMMADI A, DAEMI H, BARIKANI M. Fast removal of

malachite green dye using novel superparamagnetic sodium

alginate-coated Fe 0, nanoparticles [J]. International Journal of

Biological Macromolecules, 2014, 69: 447-455.

TEHRANI M S, ZARE-DORABEI R. Competitive removal of haz-

—
—_
w

i

ardous dyes from aqueous solution by MIL-68 (Al) : Derivative
spectrophotometric method and response surface methodology ap-

proach [J]. Spectrochimica Acta Part A: Molecular and Biomo-

—147—



AR

Tl KA F 2022-08,42(8)

—
—_
S

[

[16]

lecular Spectroscopy, 2016, 160: 8-18.

A, TATE, R, A GRS AR 1 A LR ed i
WL ] R SR 2012, 35(3): 112-116.

ZHAO Ying, WANG Renguo, ZENG Wu, et al. Preparation of
nano—MnO, and adsorption of Cd**[J]. Environmental Science &
Technology, 2012, 35(3): 112-116.

BRI, RIGH, BRrar, & EEE G MoO,_ 1 il £ B
W BEPEREAIT 2 (1], 4L T 2241, 2019, 70(10) : 3956-3966.

LI Jiangwuji, ZHU Qiaoying, CHEN Lifang, et al. Preparation of

oxygen defect vacancies MoO,_ and its adsorption properties [ J].

CIESC Journal, 2019, 70(10) : 3956-3966.

ZE A . N, N= o 5 T e T A5 61 AH B Rk ) B B oy 8
T HEREFZELD ). dbat: U RHE R, 2021.

LI Jingrui. Preparation of N, N-dioctyl diglycidic acid grafted

solid phase material and the study on its separation properties for

rare earth element ions [D]. Beijing: University of Science and

[17

[EE® N M5 (1982—

]

[}

Technology Beijing, 2021.

TRICHT, M, B, & BriB e 40k 290 Tio, 1 i A KL
W B PERELT ] P A @G A4, 2012, 22(12) : 3439-3445.
ZHANG Wenli, YAN Yun, LU Hongyan, et al. Preparation and
adsorption property of Br—doped nano porous TiO,[J]. The Chi-
nese Journal of Nonferrous Metals, 2012, 22(12): 3439-3445.
eI . 4 2R A X =40 B AT AR (D )L g
B2 e o (i [ RL27 B 75 W SR WU 52 ) , 2018,

YAO Lina. Arsenic adsorption performance of manganese oxide
nanoparticles [D]. Xining: Qinghai Institute of Salt Lakes, Chi-

nese Academy of Sciences, 2018.

), G TR, A+, E-mail : 48759662@qq.
MO ME FE A, B #, W, E-mail:
1094290146@qq.com .

comeg

[FEsBEI] 2022-07-16(1& S Fi)

(L#EBH 66 7)

[27]

[28

[}

LI Liya, FENG Jingwei, ZHANG Liu, et al. Enhanced nitrogen
and phosphorus removal by natural pyrite-based constructed wet-
land with intermittent aeration [J]. Environmental Science and
Pollution Research International, 2021, 28(48): 69012-69028.
GHORI F A, CHEN Hong, YU Xin, et al. Nitrogen removal per-
formance of continuous anoxic/oxic system using activated sludge
and sludge biofilms [J]. Journal of Donghua University (English
Edition), 2021, 38(4): 351-358.

I, O, AT, AF L NaTA KT AYO T2 B AR B
B s Pk BT e D] Al TR 24, 2019, 35(11)
206-213.

ZHANG Lanhe, ZHENG Jing, TIAN Rui, et al. Effect of coexis-
tence of Na” and K* on sludge properties and microbial community
structure in A%/O process[]]. Transactions of the Chinese Society
of Agricultural Engineering, 2019, 35(11): 206-213.

JI Bixiao, ZHANG Huining, ZHOU Lun, et al. Effect of the rapid
increase of salinity on anoxic-oxic biofilm reactor for treatment of
high-salt and high-ammonia-nitrogen wastewater [ ] ]. Bioresource

Technology, 2021, 337: 125363.

—148—

[31

[32

[TEE® AT ] #oasE (1974—

]

i}

BB, VUL, WHILS S R AL S S Ak SR T Y T L
FEBOKBTEALTRSE ()], AR EORTE M, 2017, 33(3): 116-121.
NIE Yilei, JIA Wei, ZENG Yanbing, et al. Screening and identi-
fication of two aerobic denitrifying phosphorusaccumulating
strains, and denitrifying biological phosphorus removal [J]. Bio-
technology Bulletin, 2017, 33(3): 116-121.

B R, sl BT = N AR AR PR RO M R
LR R AL P BT B (0] BREE R, 2020, 41(3) : 1449-
1455.

ZHAO Jiao, XIE Huijun, ZHANG Jian. Microbial diversity and
physicochemical properties of rhizosphere microenvironment in

saline-alkali soils of the Yellow River Delta [J]. Environmental

Science, 2020, 41(3): 1449-1455.

)L T, # R E-mail s yzziust@126.
com, 8 AEE AW, A, JEIT, E-mail: wu-

liya@tust.edu.cn.

[WFBEI] 2022-07-12(& k&)



