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powder M (a) and Oxalic acid modified manganese ore
powder C-M (b).
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Table 1 Content of some components in natural
manganese ore.
5% MnO, Al,0; CaO MgO Na,O Fe:0s Cu
B (%) 1041 1.17 8.72 2.70 0.052 5.50 0.012
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Figure 2 The FTIR spectra of M and C-M.
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Figure 3 SEM images of M (a) x2000; (b) x5000.
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Figure 4 SEM images of C-M (a)*x2000; (b)x5000.

3.2 DRPHMEAEIRXIE
3.2.1  pH XU RCR 520

5 AN [A pH X M AT C-M W B 1 BE Y 52

. MBI LLEH, fEFHE pH T, C-M Xt
FH RS 11 25 B 8 AP i R B S AR L M K. C-M
M XS B R 1 2% ok e R P 4 T B AT B



43 HEIRAE s IR OCME R ARER 0T A I B A RERIT 7 283

pH {E {1386 K i g/, 76 pH N 3 B, C-M X} H
B LR RN RN &R, SN
87.33% F 436.65 mg/g, i M 73 il N 77.95% Fi
389.75 mg/g. X5 M Al C-M 7E AN [A] pH ¥ W
T B 7 (AN [R) A 9R06), R 1 A B (R AR ™ 11 26
B4, IERGEIN: R, KEHREE R
B E, R 2, R
WK, HE— DI T RS IR R .
pHE I KB 71, AR T 50l 2 10 o 70 AE
F 0 42 i 8 -t 2 o A 3 T 1 I B S
R TR, T BT R I 2 R 3P A
W B B B R BRI . MR C-M I A Ak 35 AR
8L, {H C-M 1) 2 B 3 R B EE 5K, A C-
M R I S AL M %, ] C-M AR B4 H
BRI KR =LA

90 450
= e
x )
S 400 E
z 80 =
3 =
.9 g
Q s
= 350 &
o Q
= 70 =
z 5

Q.

§ 300 5

60 Z
250

B S pH ARG A 25 RN IR 28R R 52
Figure 5 The effect of pH value on removal efficiency and
adsorption capacity of methyl orange.

322 WfEh AR RS

M pH 3B, 43 AIHEAT MOFI C-M OG] H B A5
ST B SRS, A il A B — BN ) AR AL AN
th — G 7)) 73 A RIS IR B FE AT A . D
— PRI — 3 1T RE Sy LR (3) A (4).

In(Q.-Q)=InQ. kit 3)

t ot 1
07 0. ko @

X Q. N FE B &, me/g: O N ¢ I %I 1)
W B, mg/g: ky ADh—RBh ) R AR
B, min's k08 = BN T B AR
g-mgl-min’'; ¢ ANE, min.

Hi B 6 AR 2 W &0, 20 59 A5 T O — AN O
B I TTRE, R MO R R i R AT
WG, @RMENK; MR H%3 %7
L6 285 S AH OC R B0 KT 08 — 4y, B,
MK R 5 1) R B I A B A5 B — B0 ) A
A, BN . X T C-M I B R AR
R, A G R R, Hor Al Dy =
B 3l ) 2 7 RE AL B R AH 98 REUBUR (7,7=0.992),
DRI, C-M ()R B I A2 50 76 O — 28l ) 48
B, FEBEO RN, BRI B S R R
BIC 1 R B 5 VAL R IR B AR AE, X
A 2R B v Pl e B A SRR T BRI AL — 3

500

400 -
% 300
g
Q1 200

100 | .

= Adsorption of methyl orange on C-M
. o Adsorption of methyl orange on M
1 1
0 200 400 600

Time (min)
B 6 F B AN RN I 70 _E B B Bl g5
LN — RN TR, N D B T RS
Figure 6 Adsorption kinetics of methyl orange on different
adsorbents.
The solid line was fitted by pseudo first-order kinetic equation, and

the dotted line was fitted by pseudo second-order kinetic equation.
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Table 2 Adsorption kinetics parameters of adsorption of methyl orange with different adsorbent.

Pseudo-first-order adsorption kinetics

Pseudo-second-order adsorption kinetics

Adsorbent - B
0. (mg-g") ki (min") r? 0. (mg-g") k;x10° (g'mg"-min’") ry?
M 401.92 0.0076 0.975 507.91 1.4869 0.972
C-M 456.07 0.0085 0.980 571.24 1.4749 0.992

Kl 7 72 M Al C-M 43 S {E 540 min P W% B H
FERE T 45 2 B P B b & . MBI PR AT BLE
M 1 C-M X FFF 35 5 Fy Wz 8 I ) 1) 1) A8 A e 3

FHALL, AERH R R TR) P, C-M A I B 4B 2 B M
K, ZE{HAE 28.7 mg/g~66.3 mg/g Z ] . 1E M
FIHH, M1 C-M (1) R TH A7 75 K & I AL AT
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Figure 7 The effect of adsorption time on adsorption
capacity of methyl orange on different adsorbents.
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Figure 8 The effect of initial concentration of methyl

orange on adsorption performance.
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Figure 9 The effect of temperature on adsorption performance.
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Figure 10 FTIR spectra of M and C-M before and after
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Study on Adsorption Performance of Methyl Orange on Oxalic Acid
Modified Natural Manganese Ore

LIAN Juan!, WANG Rong!*, YANG Li-rong?, WU Dong-chen?
(IJingzhou Ecological Environment Monitoring Center of Hubei Provincial Department of Ecology and
Environment, Jingzhou, 434000, China; 2School of Chemistry and Materials Engineering, Mianyang Teachers’
College, Mianyang, 621000, China)

Abstract Azo-dye wastewater was regarded as one of the refractory wastewaters due to its high chromaticity and
strong toxicity. The adsorbent of C-M was prepared by modification of natural manganese ore (M) with oxalic
acid, and its structure and morphology was characterized by FTIR and SEM, respectively. The characterization
results showed that the adsorbent of C-M exhibited a loose and porous structure with multiple functional groups.
The adsorption performance of M and C-M was investigated with methyl orange as a model pollutant. The
experimental results showed that C-M exhibited better adsorption capacity than M owing to its structure. At pH 3,
the adsorption capacity of C-M for methyl orange was up to 436.65 mg/g, and the removal efficiency was
87.33%. Adsorption kinetic studies showed that the adsorption of methyl orange on C-M followed the pseudo-
second-order kinetic model better, suggesting that the adsorption was mainly dominated by chemical adsorption.
An increase in temperature facilitated enhancing the adsorption capacity of methyl orange on C-M. This study
provided a cost-effective, highly efficient, and scalable solution for the large-scale treatment of wastewater
containing methyl orange.

Keywords Natural manganese ore, Oxalic acid, Methyl orange, Dynamics, Adsorb
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