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Application of Manganese Oxidation in Degradation of Natural Organic Matter in Water
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[Abstract] As a low—cost, non—toxic, harmless and convenient pre oxidant in water treatment, permanganate
has a good application prospect and is a continuous research hotspot in the field of water treatment. The new
ecological hydrated manganese dioxide derived from permanganate also has good flocculation and degradation
of organic matter in water. This paper summarizes the oxidation efficiency of permanganate and manganese
oxide on natural organic matter in water, the combined effect of manganese oxidant and other technologies, and
the oxidation mechanism of manganese oxidation method on organic matter, and provides some ideas for the

research direction of enhanced manganese oxidation method.

[Key words] permanganate; manganese oxide; NOM; degradation; water treatment

HI=

RIREHAI (natural organic matter, NOM) 7E KR KA

I ZAFAE KB, A /K AL B R T 75 B 0 A B AT A,

LT 2% B 7K A HHNOMA: 7K A FR AT ) B LR A 2 — o X6 F-NOMYY)
2Bk, FEMHARTFBONVEEANERE . o, Sikb i
ENERA AR 3 AR AR, Ju 2 BIK b B 7
N B AR IR AL LA Bt Y, S VR T 2 o
AENOMZ: BR AR s iR R B0 I S =) — A R IR K R B HLS
P BAT R AT R B AN B AR R F AR, B 0T A8 R R R R
PR AR AR ) R RIS (WiMn (T1T) FMn (TV) ) SFNOMAE H
B RUFHIBEARE R o A% S RIS 0322 PR AR /K FRINOMAR e S AL 22
WA SR AT IR

1 SRR EREREKFNOMRLEE

e i P B E 7K AL 3 D R 4 T 20t 4 ek, R R T
TROKBRER BRER UL BR S BRUR. 20t L0 704EAR, RARIR T T 4R
FF KA LTS G i 2 e o o R A 3 L 5 VR BER Y, d 5
AR RN FH SIS 7K HPNOMI) 2 B o B b s i 1 K NOMFE A 2
I, (H A B R TR B RE X K RNOM B2 R . ZEfiss

NI SRR B, MR A F AR RN B A 30mg /LI, F TR B
CODy, 25 BR 2R 2 36%; T [R] BN s SRR 41 1. Smg/LE, CODy, 2B
RILFE49%.

AR ARG e W, STREHDE A I, SR R A AL A H
J& [T J5 7K CODu, 25 B 3R 40%, AR 38 T T &1k 20% . 2478
P By 30me /LERER AR FEME 2y Img /LA, To i i R 1 24,
IR BRI FHTOC 22 W %6 42, 4%, UVas 25 [ 26 K38, 7%, 5 T4k
AHEL 4> BIFET T18. 9%FN3. 2%, WA AN, T fm B a0 A fb i
T T A 1 Bt R T R KA AT & TSRS 3 7 Ky
BB REENY, RECE N G TES B ER R RE
TREE, AR, A8 JE P2 PIMn0. AT e K LR THI AR, TR P A% 77 58,
REME IR B 7K R DA TE B AR, I 32 = R A R

TEAGER TR M K ENVER D S5 AR LA 6] K HRNOMAE B A
FALTER . SRR S IR B, 7E 7K AR BT 25 BRNOMIT #2
FRA]{E W R AN SE AL o Enma L. TrainerZE N (I 5
A, BB R L3 4 (A E ERIABE) B, MR M /KR &b
30 Fft i 7K 7K # 50h 7 DOC 2% B % 22 + 12%, 7F 25 Ff K FF Hp
SUVAu: 25 BRZA36 +11%, FALIIFE T, BT KEESA ATl v

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 137



Engineering and Management Science

LS BILFS
FA4LOK 2 HeRA 1.002022 4
YEEAL B3] TS (ISSND: 2705-0637(P) / 2705-0645(0)

BB A B o I 0 DR, X S RV AL AR A A H
Mn (I1/10D) 56 W& TE BRI AR o

2 @mEAEEHEMIZEA

B T 1 i P % B S R — s R R (R A 7, Rt
TE SRR AL B R 288 5 HAMBEAEEAT I, Gn 5 4k S5k
F AR K S0 AR A

2. 155 EH

ATEMN R — PRGN T B MR B e T
Bt 5 SUALI A, T2 38 2 AU AR A i [E KRR
BAMBEHER . BARME. ZEERE/N. FRHEEREY
AR SRS KR KR B RS K& &5 . TFAR I,
NOMIK FE R ), i R A / Sl S T 2 AR A 3 B S o 2
JEL /K J WAL PR Bk 5 90, 08mg/LINF, o 7 e 1 / SR B S It P 2k
R A B A LA Y, 25 /KCODIE B 11. 6mg/LIN, B4 T
SRR T G

2. 25 5L B

T R B AR SRR I A, IS 2 BR K AR NOMARE B4 3 AR
B 5, R 3 5 S50 F e PR AT FE M = I A sy, /b Jig 8t
FRIRFREE . WA RS . AU, AT 2% (1. 5mg/L)
FOMTRAEAL, B ST (0. 6mg/LRAR+0. 4mg/LiEih iR 4T) e[k
RIS BRI P A IR K PR AE R 2. PR T T
KT mmm e /2 A E A TG ML LB ICR AT 5T, A
NE A ELL0.170. 3ng/LAH, EERA R NE R <
0. 8mg/L, 1M 44 e G R AL I 5L D9 0. Smg/ LI, YRR £k A Al it 41
ROR B Ak, HHI 3R 15, 13%. AN & i s iR e 5 S Ak
B T 2aT AR AT R4k A HLBRAOC. £t LA EAL)E, JRKH
W K FANEA RN FE I, S I F A LR
0, 5 5 SRS TE T R BRI TG, X HEH ML 2 R H K KR .
2 E AR ER VR FE 0. dmg/LIN, AOCIEF]159. 0 1 g/L, SEHEH71%,
B Y EH0. 8mg/L, AOC T . HEMIIX R FUMRIREAMT, =
0 TR B REFE NOMGHS 7 K 40 - ML Ak, TR B B B 308 TR R
MnO.. 4kELHEINTERIRER, —J7 1, 7K H e 4 IR A0 401K 2 A0C
HIR 2 TR D, TR IR AOCH A ok ;9 — 7, T
MnO. FE AL AR D, TR o] LUK K R B . B R AL
fhAOCHE— B4 Ak, T BEAK T AOCHFEE »

2. 35 W PRI

T IR K FRNOM B BR BRI T BRI A s, BT
Z e SRR SR T R B . IR R T AR R R .
R VER o FERRRE S AR T MR B T2 A AR RO AL EE
FORBRAL . AFACRIE R BAT EAME. nISR Ik RS AIERR 1)
Febk TR PR EEIN R AR IR T 5] A R . R R 2 B
IRIRSE . =R 5 RN 1 R T T A R0 X 7K HNOM
LB, FRE N NSRS 6 240 (EERS SRR )
55 R0k e 6 LA B TR Y, o o R T AR A e 32 1 RL
TEPE A BTG G i) L BR AR, BRARTE 555 K Fr B = A
A LR KER > B, AR B AR TE M o B R A ARtk

35 THE R 0T ki A AL B 22 B 28 430 R 73, 4%F149. 8%, T B A I
S S I s ARAE IR FE LT 58 AR TA H IR, W3R
(1 bR RAFHIET

2. A5 EE AR

FER AL FE R, ZK HNOMAZE Y5 Y i 2 Bk . 4l BR T
TR AR AR I F T 32 = 8 LA 25 R AR, BB R0K Ity s s
FHAN B3 5 Yed Ay a] 5 G, S vsiE e ae . — o7 T, @i
TR IR AR AL, BRI Gl 1) T R Ry H A R R A
B AR AR B R R P, T O B R R R SRR B AT T VR
Refl B E =TI E . 53— U7 T, v R A e ST e 2 i e ik
DT A R, T B AR TT YeFE B . FIR B R, M
PR /R IEE NS B T S B EROIR . MBS, S A& 1%
%, BRIT KGR SRR AR L, TR B
F 5 ) PR T T 0 AR TS PR 0 R SRR, M I8 ) T 5 e 11
LIE

e IR A — VRt~ T T 2 AT A 1 R B R R 7K
RPN LR ERESAN T RIZEH T 2R %%
SEFBESAR R SR I/ F AR SR A A I I [ B %)
EEBE 7 RAE . REATRIN. LIRS AL AR bt S B T2
TG FH 22 B AK AR TOC R A0 SR, S B4 3 WA, o i T 1 Vi W K
T ETOCERRZENA2. 4%, UV F2 3N 38, T%e.

3 ImEAMNEEBRAHRNOMALE

TR R, SRR @ SR R T B TR R S 5
o NOMAL, 258 A1 35k FH AT FH o o R A AT %o BB O S b A7 5 v
ki, TE ARG AR IR — BG4 s W 0) 55 & 90 Rl 2 38 134
BUEEEAT o BB, 3 FE SRR R (A, oS R R — R A1
FALT= . BEAh, ERIR B B R A L IR B TR R AL
Ik

AR AT AL R P AE K A AL B A AL A AL
W R AR, RET R 2 R KRB LY. T NOMZ 3+
1K Z BUR BRI F2 58 B e e 5K & AL ERAH BLAE F TR AL
S, Bk, KA AR K AR ML R B A R R
17, NOMAE — 48 A 0 3 T 1D R B 1 A4 6 1 L 3R D A 72 A A
FE o ZAEAERN AR R B = B0 = AN B U, 185 L
TP/ FEATT A B o LARS 7K Hh AR 5 B a1, LT I R B
BURAE B30 min Py, W B T IA ST A IR B 73, 96%; 8 IE I
BB B TSR0, 572h; [ Ri2h i, HEN PR/ SR TSR B BT
AR KE ZEALRRIE B SRR B % O, D SR B 25 B 38 40 K 4%
TG s B SR G K, /N TR R R 4 Tt bk
W B 2e Bl e KA =S ER I ZUBERZ O /R T I AT DA 2 ol VR
LAV RE

ITAESRA TR, SR e S K AN R SO R A,
BT A BRI (AR Ab, 3B 4 A B LAt AR TR 25 1) 1
PR, BFESMER VUR R SR, ST LA R
TEARZEAL A 45 BG AR i I B PR AN R RETE A, 7E R FR A 4
AR A R FE AR o K AR I ST A v, FehR

138 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Engineering and Management Science

LS BILFS
FA4LOK 2 HeRA 1.002022 4
YEEAL B3] TS (ISSND: 2705-0637(P) / 2705-0645(0)

AR JRHALE 0=1. 5415V, (HIHAEE R I AF dw e, fEmE
MRS A HAT, BT RIS TR AR B UK 2 M
SEFRRHEN b W FER I, 48 A BE AR veh Bl R A S A S L
HR B A, AT e SR A P o T R SEUAR  1 RE A R A v i
BRAR A A AT = i, 7T DA R AR R B LTS e . 2%
A (I AEBERR Eh) t REA e A R A S AL R AR i =
Mo, IR0 A Bl Lius N MR TC R IR, 45 4 i RE 1 5
VU il ) S E

4 Z5iE

BRI Y — FREAT AL, BAT BN AR, 18
ATE TR0 A, FE/K AR BERATUR h ELAT T R F S i 5t 5 0k
(I, B AP 7R 1 A K RE AR, A SE B N2 P T TR A B
B, 205 HoAth K AR BE T Z B AN, J7 REAHR IS . FETEEILRY
Bt AT S RAM . SUEEALEA, R i R A,
PRFETRBERCR EWR BB, TS5 AR, i R 50 et B R
B UL ) L, SR UK R R ERLIERT B, AT
BRI, B RSB R RE, IS e 23 LT, S Ja A
AU TR LR LA T e 55—, I A FEAL R,
IR B T AT SR T R A e B R R AL e, R v X
NOMF) 25 B o Jerh, — B QLFHIAF 7E J=) BRI, 07 B 140 i & 5,
A R A LA RIS o AR SEBREHT Hh, EE ROTT ACABE AT
AR O RSB IREAL AR . 58—, i B R B S L A
L EACH U AR S AR R Z AL, F it — B IR T A A
IR R A, A B SN SE it (1 T BORAE S h 8] 74, Wt
TORGE AL AR A ) v R AT TR R R R T B =,
FESEBRN TR, SRR B 5 JRAOK R K T2, 8k
PSR YIAROG  TH KA FRINOMAR A7 A8 A DARAE (¥ 1) . 2y 1 ik
BUSE S A1 BOR, AT A A A PP AL 55 T B R OR AR
RAH T 2B 7 58, 0 RS e ) Be 14 &R LU S S0 B

(E£mA]

REEERRA: BFTMSEFN KA FREER
A RBEHEAFAELE ERTE; TB H5: 2019YFC0408801,

(5% 3Ck]

(1128, 2 R, ER% 0N 8=k 8T R A
a3 T AL E 4k HEK,2016,32(17):133-137.

[2]Trainert L,Ginder—Vogel M,Remucal C K.Selective Reac
tivity and Oxidation of Dissolved Organic Matter by Manganese
Oxides[J]. Environmental science & technology, 2021,55(17):
12084—12094.

(318 R .75 4R B 2h/ A X R A A A AR A PR 2 2 A5
#r5[D]. L R HE H A #,2018.

[ATR 3 A0 B TE A5 20 T 8 4 BR 40 TR U 3 B IR B V5 242
iy % v [J]. 46 7k HE 7K, 2016,52(06):24-27.

CIEXREBEMEASGT LN AEXFLNEN AR
[J].%5 7k HEK,2015,51(02):25-31.

(612 5 2,1 %, |8 4 . BUE M 5 38 5 5 R 5 %1 77 JL i %
R 5[4 A HEK,201551(03):115-119.

[71Chend,Rao D, Dong H, et al. The role of active manganese
species and free radicals in permanganate/bisulfite process
[J].Journal of Hazardous Materials,2020,388:121735.

[81Liu W, Yin D, Guan X, et al. Role of pyrophosphate on
the degradation of sulfamethoxazole by permanganate comb
ined with different reductants: Positive or negative[J]. Water
environment research,2020,92(4):604—611.

EEE T

W IR(1997——), %, Bk R R EAL R F R F RS F 5
IARFRME ARG G AR RLLIBE K,

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 139



