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Efficiency and Mechanism of Manganese Removal from Water Using Chlorine
Coupled with Powdered Activated Carbon
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Abstract:  Chlorine coupled with powdered activated carbon (Cl,/PAC) was employed to remove
manganese from water. This study investigated the efficiency and mechanism of manganese removal, as
well as the impact of common inorganic ions and natural organic matter (NOM) found in groundwater on
manganese removal efficiency. Experimental results showed that under a solution pH of 7, 1 mg/L
chlorine coupled with 10 mg/L. wood-based PAC could reduce 1 mg/L. Mn( Il ) to below the standard limit
of 0.1 mg/L. within 30 minutes. In the CL,/PAC system, MnO, was initially generated on the PAC surface,
which further catalyzed the oxidation of Mn( ') to form new manganese oxide, thereby achieving efficient
removal of Mn( Il ). Inorganic ions such as Ca™, Mg™, SO,”, SiO,” and PO,’ had little impact on the Mn( II)
removal efficiency of Cl/PAC, but Fe**, NH," and NOM significantly inhibited the Mn( II ) removal.

Competition with free chlorine was identified as the main reason for the reduced Mn( II') removal
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efficiency. Based on these findings, a method was proposed to increase the effective chlorine

concentration to 1 mg/L. and compensate for the chlorine demand from ions or NOM in raw water to

eliminate matrix effects. This method successfully reduced Mn( II) concentration to below 0.1 mg/L in

groundwater samples with different matrices within 30 minutes.

chlorine;
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Tab.1 Properties of powdered activated carbon

PAC | Wif®/ | MYE/ | S EE(E/ HL R TRAY
> -1 -1 7ké}/% 2, -1
M| pm | (mgeg') | (mg-g") (m*-g™)
MEFE | 25.2 1 060 152 5.3 1197
H5e | 35.2 910 120 5.0 980
% | 35.8 1 008 144 2.6 1367
AJFE | 26.9 1012 136 2.7 1107

1.2 RWHER

SEHAE 500 mL BEA R T, K IR (25+1) C,
FEINT 0. 5 mmol/L NaHCO, #10. 5 mmol/L NaCl fi})
8 2 K BL ] 1 mg/L B9 Mn (1) 3% &, {1 HCD 5%
NaOH ¥ 15 H: pH 28 7. 18] ¥ W i A S 5/F1 PAC
B b, il 7 B FEAR DL 400 v/min B B FE
HEAT LM PAC W B | St S 4R AR DL K SR A PAC
(CL/PAC)BEMn( IT ) 325
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1 mg/L, R 5 N TE 7K 52 56 A8 [A] 4 5 = Cly
PAC B BRERBOR o S50 v A ] — U Pk RE T I 2%
TEVRTE T J7 BURE , 280 22 pum BEARE U8, U DB
R AR TR
1.3 SWFAE

el CAE T AR R A s M A 36 v T BRI 4 A )
(GB/T 5750. 11—2023) *f DPD 75 Il 5 G i i 5 ik i
HLJROR A 25 B T A R A (TCP—-MS ) I 58 i vk J3E 5 1t
FH Hach { #5 = 2 5% {30 % pH;; {# H] Dionex 1CS-
1100 &5 0,338 A 5 7K R A (4 T AL BH 25— A9 25



www. cnww 1985. com

TG, 5 BABAI A E M B K P 4R 6 LA R ALIE

%40 B % 23

T X St i T RE RSO0 KN AT IS Y PAC &
TG E IS S B T R AE S 7087 -
2 #R53%
2.1 CL/PACHIMERAESHE
2.1.1  CL/PAC HYBRAH S fE

B 1 mg/L & 10 mg/L PAC, DL K 1 mg/L,
A 10 mg/L PAC ZZBRAK A Mo (1) , 25 R &
1R o AER RS T , PAC B IR R AT S22 48
FEXE Mn (T ) Y 2 BRECR AR AR # A R, 33X 5 2 1 14
W3 R CL/PAC H AR BRI, AR 4 5
PACHHA S MIBE Mo ( D RCR Y i B3 . ol
552 PAC RN BT PAC R A, I 60 min LA J& X
Mn( 11 ) B9 5555050 73. 87% F149. 14%; M b 2
T, SRS RS PACTE KN B[R] 24 40 min PR AT
M (1) ¥ B R 22 B AR ERR(E (0. 1 mg/L) AR, 25
B R4 90. 38% ; 1M 445 A B PAC ARG, 30 min P AP
AP Mn I ) v R 28 [ AR HERRIEL LA T, KBRR &
iK£92.05%. 4 Fh A B PAC 558 A 10 15455 AE
HEJF N AT PACSHRFE PAC>S58 PAC>HE 5t PAC,
PRI S 22 52 3 e FH R BT PAC,
-o-Cl, v ETPAC —e—CL+R5EPAC

1.2t —*- i PAC-4- RJFiPAC  —v—CL+E i PAC
—o- HL3: PAC —8—CL+H7E PAC ——CL+A i PAC

LOk s%g%gggiizs;};;;sﬁzs;sss;;;z%

Mn( 1T )ﬂETE/(mg-L")

t/min
E1 RAEIZHRERE

Fig.1 Removal efficiency of manganese by different

processes
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Fig.2 O 1s XPS split-peak energy spectrum of PAC before

and after reaction
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Fig.3 Effect of pH on manganese removal by CL/PAC
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Fig.4 Effect of water matrix on manganese removal by
CL/PAC
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Fig.5 Manganese removal efficiency with increasing PAC
or chlorine dosage in the presence of high concentrations
Fe*', NH,", and HA
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Tab.2 Main water quality indicators of actual

groundwater
EiELn HF KA MK B MRk C
pH 8.3+0.1 7.7+0.1 8.2+0.1
UV, /em™ |0.010£0.002 | 0.023+0.002 | 0.040+0.002
B/ (mg-L") |  463+3 258+2 304+2
WERE/(mg- L) | 286%3 15542 325+2
Ca®™/(mg-17") | 76.9+2.0 36.73.0 46.3+3.0
Mg®/(mg-L™") | 22.5%2.0 15.2+3.0 50.1+3.0
NH,/(mg-1") — 0.18+0.03 —
DOC/(mg-17") |  0.620.1 1.420.1 2.8+0.2

2 IR iR K A PAEAE 0. 6 mg/L DOC, Hi
7K B HFEALE 0. 18 mg/L. NH, Fl 1. 4 mg/L. DOC, # F
K CHFEFE 2. 8 mg/L DOC, R (4) A H T /K
A B .CHRIIEH AR 0 1. 1.1.9.1. 5 mg/L, N
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Fig.6 Removal efficiency of manganese by CL/PAC in

actual groundwater
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