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Manganese Removal by Sodium Hypochlorite Combined with Powdered
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Abstract :

523116, China)

Under normal pH conditions, the combination of sodium hypochlorite and powdered

activated carbon was used to oxidize dissolved manganese in surface water into particulate manganese

dioxide, followed by coagulation, sedimentation, and filtration processes to remove manganese. The

results showed that the combined use of sodium hypochlorite and powdered activated carbon achieved

good manganese removal. Under the designed experimental conditions, the removal rate of manganese

exhibited a significant positive correlation with the dosages of both sodium hypochlorite and powdered

activated carbon. When sodium hypochlorite and powdered activated carbon were added together towards

the end of the flocculation stage, the removal rate of dissolved manganese in water was significantly higher

(above 99%) compared to their addition together in raw water; however, the concentration of particulate

manganese in post-sedimentation water was significantly higher. This particulate manganese in post-

sedimentation water could be effectively removed by subsequent sand filtration. Under the same dosages

of sodium hypochlorite and powdered activated carbon, higher ammonia concentrations in raw water led to

poorer manganese removal, but when the sodium hypochlorite dosage was sufficient, the manganese
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removal effect remained good. Three different types of raw water were treated with powdered activated

carbon combined with sodium hypochlorite for manganese removal, followed by subsequent conventional

treatment processes. The concentrations of disinfection by-products in the treated water were far below the

national standard limits, with no risk of exceeding the standards.

Keywords:  sodium hypochlorite;

disinfection by-product
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TP R B R IR TREN . I8 R K 43 JFK A (U
K ) K BOKZEZAK) UK COITm K)o 7K Ab B
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1.2 RBH*E

Sl TR Sk A R P P SRR S A B A B g
DN E 5 ok R FH ok B S0 5 5 €80 32 SR A0 =l s o
LU 875 DN 7 5 pH R FHARE 2 ph s W L 60,30 0 5 4
SUORI3,37,5,5 - VU H LA e Bb (o 1 5 5 2R
KB IRER et BRI e (LAN ) s =5 e . —
AT b — R R IR LR T B
SR ERREI 2 s — " CRM =R LRFK
BT - A T

B K A U H 5.06~11.20 NTU, pH K 7. 1~
7.2, % H 0.065~0. 080 mg/L, & i W2 £h 45 % K

powdered activated carbon;

manganese; ammonia;

1. 13~2. 11 mg/L, X 50 I R] 7K R 4 15~18 °C; J5iK B
MR R 3,70 NTU, pH J9 6. 8,42 59 0. 036 mg/L, & 4
MR ERFEEOCN 1. 13 mg/L, 356 I [R] 7K I R 15~18 °C;;
JFK C L EE A 4. 95 NTU, pH M 7.9, %M 0. 067 mg/
L, /5 56 B2 £h 45 %0 2. 39 mg/L, i 56 19 1a) ZK IR K
28 C.

IR EEA S AT R IR A W B R
500 r/min, iz 47 I 6] 2 1 min; 22 BERT B 1 5 5
50 r/min, iz THE] A 15 min; PUVE BB E 30 mins

S ALk AR 1.

F1 XTI ETE
Tab.1 Pretreatment methods in the test
T ARG PR | U RRENB /| BN R ik
HA| I/ (mg/L) | (mg/L, AT i 7]
1 0.5
2 1.0
3 10 1.5
4 2.0
5 3.0
6 0.5 JEK AL B S min
7 1.0
8 20 1.5
9 2.0
10 0
11 0 2.0
12 JE/KTALHE O min
10 2.0
13 2L 1 min
14 JE/KTALFE O min
20 2.0
15 ZEELT 1 min

2 ZR5#®

2.1 MREMERSRSERNEARENRTITHE
A ZRIUEIK AR B, B BEUF K C, B 5 bR

20.3 mg/LAE AT, o 4% 3R 1 Ak 3 75 vk AT A

TREERL . JR/K A DS K B35 W EE R 0. 66~0. 92

NTU, pH 24 7. 1~7. 2; Ji 7K B LS5 7K F 35 W i B oy

1.06~1.41 NTU, pH 2} 6. 8; J5i/K C UL /K _F 37 M ik
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Fig.1 Manganese removal efficiency of powdered

O e bRk

activated carbon combined with sodium hypochlorite

MNP LRI 7 HE pH 2 F T, B S R S0
AR B Ry A T A S O RS 329 068 SO PR B8 A B
TCH B BRI . FUK CIpH 2y 7. 9, BRMIR S 2

PR AL IR LB R S EUK A B A BT BT (H
UG KRS T IE 2] 0. 187 mg/L, Toik i e Br
BREOR o O ARG PR 5 R IR R AR, R 1
PR R TG4 TE o B AR T e 5 Uk SR B FH X
FEAKBRAR A R ELATAT 332 R AR A 3 T e Y H 2
P (o EL R 005 7 AR A8 R IV, H 3 24 A B A
FAR PRI R IL | N TR L AN B ¥R L 45 B AR A 0]
i I A U S O P B A R S A R A
() JF AR 254, S00E 0 Ll i B TR iR R
IS A 0 AR A, 90 A T A e TR B ) S — 25 i
71 = o YN 1l W 2 N 4o R 3971353
(AU 125 M A 125 1 RN AR M A 42 fl R A 4 L -
SR, — B AT ) 25 0 B A A 2R 0 M o e, IR
B = A, (0BG 5 A R AR M T L
W F T A A B BRI F T A B B S it
T2 AR AW BTSRRI T e 2 TR A A —
SAAER A A VE B T A 0 i 2 K Bk
PRI, 76 A PR e AR TR (R A 4R
b A Y R S R R, A S PG A e R
TAAARER™ . SRR 2 LR R DO A I 8 )
BRERR . BB AR T M5 20 mg/L IR AR 2. 0
mg/L T BRAE , BK A HIR i S 5 L bR R A 5
88. 9% , UG /K M A HE % 22 0. 032 mg/L; 5K B
VI S 2B R IA B 97. 9% , UG 7K VA i 255 W 22
0. 007 mg/L; 57K C H i fift 255k L BR 32 5 51 87. 3%,
UG KB IR ZSAR I 2 0. 041 mg/L. [R)45: 2550 £ i+
T, SRR RS R BRI R] XA g2
PR kg AS TR] D 7K i 0 vk SR B B Ry AR T 1 e 1) 5
FYREEAZES
2.2 MFREMRSRSERNILINERN T

22 X IEK A 3 AT AR (0. 1.0.2.0. 3
mg/L) , PR 1 WAL B 5 1k A T IR RIS . UL
J5 KB b E W BE Dl 0.66~1. 44 NTU, &5 K
0. 10~0. 50 mg/L, pH >} 7. 1~7. 3. % AR JE K R Ut
Jei 7K L T VR A R e 785 s P A T 55 5 a1 2 i
TN o FTR, Ry AT P A 55 U SR R S 0K 5 B3R A 1,
2B 2R 5 R SR A T RUR A I P e 5 2 4
IR IEA O R o X R Bl R R T
DA G K, T W SR A A P 8 T A6 2
T, U S R A AU U A I AR A R 5 AL
RORYR S SO RR 1 R PR EGS . IRERM S M
B RN L (1)
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Fig.2 Effect of powdered activated carbon and sodium

hypochlorite dosages on manganese removal
P SRR (LA G 5 e 1
BRI R FE R 71255, 2958 1.3 1. {H UK Fh g fig
S PE N 0. 285 mg/L I, 55 k3 AT ML S, 45
WARNBIN AT 2 1.5 mg/L UL I, A B K

HP ) A e R 4 U E R AR BRAE (0. 1 mg/L) AR o X3
AR SRR E R AL, UK W 5 = A 5
AL AR P R AR B SON T m i Y A
BRI 25T IR AR B =K, a5 —
Wil e A SR A TR N 1A ARG B kR, A
B ACATF R T 0, B ) S PR R

M IFK A R AR R L 298 0. 3 mg/L I B4
AR P 2¢ 20 mg/L AR SRR EM 2. 0 mg/L, Tl kb 2 5
min 57 , BERFIIT T 7K A A R VR B % %2 0. 05 mg/L LA
5 R T i A AR MR 290 0. 2 mg/L B, BEBERY
AP 10 mg/L FIR GEBREN 2. 0 mg/L, SHRF K AR
T 20 mg/L FREFREN 1. 5 mg/L, THALFE S min,
RERF UG 7K i S R R LR 22 0. 05 mg/L LA 5 Ji
IK H R R SR MR FE 200 0.1 mg/L I, AR A 3% 1
7% 10 mg/L FUCEBR AN 1. 0 mg/L, AL I 5 min, GEHS
UG KB A ER MR B R 2 0. 05 mg/LLLT .
2.3  A[E)F Ak 22 B 18] AN 42 0 2= A9 S

228 MUK AL SR INER IS 04T 8 R BE I
UG K IS 4 0. 72~2. 31 NTU, 2484 0. 10~
0.20 mg/Lo S bR /K KT J5 /K b 1 W08
fife A5 AR AR AN T 3 TR o RIS ok SR
A 0B AT IS, AL O min A b B AR R
ANUNTALBE S min 9, {H A 245 50 B it 78 53 1) 244
AT RAF A B BRSO o MM R I P A N
N 20 mg/L K AR EN B & R 2. 0 mg/L I, LA
TSRS AT T 2 0. 05 mg/L, R A5 LR R Y

H79. 5%,
0.30 2 S5
7z C s
025/
o
- 020 7
%
E 015
b
0.10
0.05 %
3 14 9 15

Cwmgr 12 4 1
v TR 2H )
B3 7R[E) P A B B ] RO EE i e o R Y R M)
Fig.3 Effect of different pretreatment times and adding
points on manganese removal
FEZRBERT BT 1 min B[R] B 5 ok A 3% 4
TR A , 5 7] A 45 oy A 35 A e o 1 S 4 it
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AR 0.5 min AH EG, VA 2 0 VR B B R S AIC (R =
0.001 mg/L VAT, ZZBRRZ 4 99. 6%) , (H K v ik:
B FE W B 5, 2450, 2 mg/L, X EHN NEZR
U5 D5 TR MR AT A e 5 R R R AN, TR AT 7
RO S5 5, K rhn] 55 i = A 55 4 48U A0 R 55 4
BA B 0 S5 W Sl ek /L, YR SRR M e T S 4y b AN R
A AR HOK TR SRR I B R
14 (RN B 1 80 VAo S 2 o =
A, 8 VR B b 0 B A W T A 2 e ) A i, BT A
BB AR AR R DT REAR T A 25 UL 7K v R 2
AR FE AR i (R 2 b sk R T A AR B

FE 22 BE PG5 T OB R 15 1 ¢ 10 mg/L 5K
SREN 2. 0 mg/L, WAl S 220008 T2, P oK PR vk
JE A 22 TR AR (U i A BE A 22 0. 001 mg/L LA, Uk
B AR 2 b Uk 8 B, B A TR B TR
535K RN 24 70 A L, nT A R AR 24 0 48 n # (R
Je K A TR (TR 2y 2. 1~2. 3 NTU) , #5 5K
i Tt R L A SR FHIZ O T RE S I E DU
b3k 08 67, DA T 246 SR A0 0 e il 0 S A
2.4 EBTEKBR G IEERE

S546 2. 3T RIS /K v OB A 22 B 1 g A

R, KK BT S H AR R, i Lok /b g, A
A HRDPEARHE ST A = B 1.2 m IRDIEAE , U8
FENAEZI N 10 emo 321050 57K 73 376 P> 200 LR
A R EE VT VE , 22 EEIA T 1 min B 53 50 76 P> KA
PR A TE PEA 10 mg/L 5K A TREN 2. 0 mg/L K
M 20 mg/L 5 UG RRE1 2. 0 mg/L, UUTE 30 min
Je BTG 7K 43 S 22 WA 0 DA EA T 08 . A
UE AT T 7K BURE 55 Ve BE 4303 R 0. 210.,0. 198 mg/L.
FBAT 1 0 SR A U8 A 4 ARG Ik, 254 e
JBE K 45 543 531 24 0. 000 9.0. 000 3 mg/L, B IEAT:
XK A R SRR 1 R BRI 100% . %R I 4
FESE T UG K P A R A AR A v
T AR AR
2.5 HERIFMERER

sk AV K ) K BOKIEZK) 7K COUT
TW[7K) 2 1A K FESEAT 5 BLIR BE R, I 7E ) R
K 53 M8 T KRR INAR 2 0. 3 mg/L, #3461 i
AbBE 775 O AT R MR B . BUX 6 MUK I
THW,IF 0. 45 wm BEEFE , i85 97K 43 5148
2.5 mg/L BRI T 2 h(BERL NS0 J5 , BURERS:
DU 2 W= P AH AR bR, 5 R L2 2.

R2 HERIFWERRBR

Tab.2 Formation of disinfection by-products wg/L

S| =FE T — S IR =IRH N =Rl
b PR A 60 60 100 100 50 100

JFK A 5.206 3.827 2.064 <0.000 041 4.2 <0.004 4
JFK B 4.015 2.340 1.020 <0.000 041 4.1 53

JFUK C 6.727 4.254 2.324 0.250 6.8 <0.004 4

finks A 3.275 2.503 1.160 <0.000 041 6.4 <0.004 4
Jnkz B 3.169 1.576 0.631 <0.000 041 13.6 13.7

Jinkr C 4.667 4.124 2.482 0.209 6.3 <0.004 4

H R 2 AT, By AR WG Mk 5 IR R A I BR A AR U

Jei , E SR = A P e R TR b —
SR B | =R e ok B 5 0 BRI A L, 200
W P T, ELRR AR AT T I ] i 3275 i T [ A PR
{ELo 3% AT B S DA D A5 AT A ¢ ml LAWK B 958 0 Jg 4
R EIEFEIR M B IR B . MR T PR 5 Ik
RN BRSNS T M LR
SR O TR 0 KR A LU RS A T (R A I
T EFRBRAE . FEARIR 264 T, —FhAS ] A Sk
SR B A A ¢ 45 U R R M B PH B , P-4 2
ML A PR A 2 R 7 ) 4 A T AR FRAEL, 6

2.6 S=HIEMm

HZ& BURIK C, 2 K 0. 067 mg/L, 5E AR 0. 2
mg/L, B2 5 B INAR 2 0.0. 1,0.2.0. 5 mg/L, #% % 1
FAL PR J7 v 4 A5 AT W LR BEAE: . VURK g
Wt BE 4 0. 45~0. 61 NTU, pH 4 7. 9~8. 0. 4 fin#n
T K BTG 7K 30 W A e R ffe A 9 2 Ak n 141 4
FI7R o AT Bl 3G 2 Wk B 38, DTS 7K BV RS
iR S ER W BE T o K R R [ A R
BB AR TE P A BN N P BRERAOR B 2 . B
UCABRER I 2 i 38, & ZUEK B BR AR RO W
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P . ORI AR T s S5 5 IR SRR AN SN AR A
S, SR i SICB AR TE MR 10 mg/
LA AR AN 2. 0 mg/L . JF 7K 20k BE 249 0 0. 2 mg/LL
BF UG K 3 WA i SR MR B2 R 0. 137 me/L, 2
7 L B, BRIV b 245 700 8 e AN i il L B e 0K
YERAR AR WG R 10 mg/L AR GEARREH 3. 0 mg/LJiit
KPR 29 0. 2 me/L I, YT K IS R A
524°0. 016 mg/L, AR T bR BRAE ; 174 S K rh 22 ik
FEZ920 0. 5 mg/LIsE, i F A4 B T 2 Tk A Ak A
T P A DTS 7KV A A R A SR v T L bR FR AL
U, 247K H g e P A e B, SR VR SR 0 R A T
PE R 56 FHBR R, B3 38 vk SRR A B e LAEE T
BREGZCR (A7) e 2> S BOH R R Pk EE T+ = o

0.20 YA «
0.18 EEH 0
2 2.0 mg/LL
0.16 [ 13.0 mg/L
0.14 Z
= %
% 0.12 N
E
3z 010
- 0.08
0.06
0.04
0.02
oL
AR 0 0.1 0.2 0.5
AR/ (mg/L)
a. X R 2 BRACR 15
0-20 W
0.18 EHEH O
0.16 V2.0 mg/L
. EE3.0 mg/L
= 0.14
B %
Z o v
i
vy 010
E 0.08
I
% 0.06
0.04
e = %T N
ol —
EENBRIEUK 0 0.1 0.2 0.5

Mt /(mg/L)
b. X R A 25 BRACR O B
B4 SITEREEF N

Fig.4 Effect of ammonia on manganese removal

2.7 AREREHEZRAEDH

i 85 0T W AF 10% UK S8R B 7 il Ry 653. 1
TO/ K AR TE B R b A4S R 5 618 TT/ i i R B
il B A% S 16 800 JT/t 1T, o i IR A1 101 464k NI SR

IR R M A I A e Ak 3B A A A 0 1 24 R
RIS,
#3 AEREFENAFIRA
Tab.3 Reagent costs of different manganese

removal methods

] PR SR [UCR AEEE KT B UL
- R B
‘““m—g ~ S T i
veries | Ly K
(mgr)| | G ) (omg bty 2B | OV
& (mg/L) ’ H/(mg/L) m*)
0.1 0.2 0.003 1.0 10 0.063
0.2 04 0.007 2.0 10 0.069
0.3 0.6 0.010 2.0 20 0.125

UK TR B TR 53 AR 3 P e 9 Ak 38 0 e 4 R
PR AL X BEAT AL A L (EL P P B3R i 7 926 45 A5 10
Mo R R PR AL BRI AT A AR, BOR s
RLAE  (FL SR R A T 24 i, SR I 3 i A A
TG R W TR S A, LK B e 5 5 B
Ty T L A5 ek e AN A S € AU o K SR B K £
Ty AT P ¢ TUAR BB f 7KAA O S € XU, e i b
S0 R B B B A, AN RS W25 b R T
A, (E 3 A7 A AR s, 24 DK 22 e B AR X A e
I, BT 5 YOS TR B 45 I i e A, mT B B0 2 Al
P T R

FT T IR SRR B B 30 A I AP A i Ak BB A 7
B AT AR W 8 T e R R B R AL R R A T AR
JER AR B R R R AR ) A K e R
1 il PR S A B i 5 {EL X T K B v 90 Bl
RN o B R B0 45 oy s B K M S r AR K T
17 2R U SR B R 553 A 16 P ¢ T BB A . X
TR R BE R B DU BAR B BEK T, IO
TR A HEK 450093 A 5 A i Tk B R e T A g K T 4
IBAT AR, AT LAARE K T FIAK 5K S B 15 B 1k
0 Al TR O AL B S TR K 5 oy A 35 AP 2 T
A B ER A o
3 &#

@ FRUOKBRAET B U SR Bl B4R AL
P A A Y 25 R Y X 0 K v 4 i TG B I 25 B
ROR BB AR Pk 2 5 U R S e 5L, I By ) i
LT 2 EA R B BR AR RCR , BT R 9
e JEE S {1 T R A BR AL, DG A RIS o A [R] U Sl IR
IRy AT R e B A 26 PF T, B v A 2 e B
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15, BRAR AR 2E  (HR SR RR N BN R, BR B

@ ISR R AR E M A S UG TR B B
B, X6 il ) 25 B3 3R 5 U S TR B 8 T RIS A P
P 2 5 ] A IEAR G OC AR . R BRI AR
P IS My AT P ¢ MO SR B , 45 1 IR AR B E A
FU, K FP s e A 2% B R W e (R BR R AE 99%
DA b)) AR K i BORL 2550 ik B B S . DS
JK R RURE A AT L 5 S SR U8 T A R bR
(7] — B AR S5 2950 B T, BRAR AR Bl PAL
FUSE [R] F) 36 B AR 7 (R 25500 B n 2 2
FRAE T A B AR R B4 A TG A ¢ 5 U R R A,
AEER O min , AT AT SRAFEL L BOBRERASCR

@ A TAFAE K AR B S R AR R Y
BT, A7 R o A B A0 P4 AR B A 5 X T ik
v B B S BOR B R R IR B 5 ) BUK R S B Y
BEIR) 7 SR FH U SR BB £ My A 37 P o T Ak B
R X T IEOK R R AR RUE O R s KT,
AR KT A K IR K S A 0 10 4 v i TR 0 4
MR SRR MRy AT R ¢ T AR BR R
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