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Multiple injection of permanganate and hypochlorite for manganese
removal by oxidation combined with membrane filtration
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ABSTRACT

The water containing soluble manganese may cause problems such as discolored water, unpleasant taste, fouling or scaling
of pipes in water distribution system, and so on. Conventional water treatment processes using sand filtration or sedimentation
after oxidation, however, cannot often meet manganese standard for drinking water. Two types of oxidants, potassium
permanganate (KMnO4) and sodium hypochlorite (NaOCl), were utilized at the same time for manganese oxidation, and
then the precipitated manganese oxides were removed by low pressure membrane filtration in this study. In batch experiments,
the multiple injection of both oxidants showed more effective manganese removal than did the single injection using either
of them. Moreover, the deterioration of manganese removal at low temperature was less serious for the multiple injection
than that for the single injection. Manganese removal by the continuous system of oxidation by multiple injection combined
with membrane filtration was higher than those by batch experiments at the same oxidation conditions. In addition, less
membrane fouling was observed for membrane filtration with oxidation during continuous membrane filtration than membrane
filtration without oxidation. These results indicate that the oxidation by multiple injection coupled with membrane filtration
was efficient and applicable to actual water treatment for manganese removal.
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Fig. 1. Schematic diagram of the continuous system for
oxidation combined with membrane filtration.
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Fig. 2. Mn removal by NaOCl oxidation coupled with batch
membrane filtration (Initial manganese concentration
= 0.15 mg/L as Mn; Temperature = 23=1C; pH
= 8.1~8.8; n=2 for * marked conditions).
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30 —0-0.288 mg/L as KMnO, * ojet e HBot o gt o g2 vk
20 -5-0.144 mg/L as KMnO, * S S WAt AsE 3R e Aew A7t
—4-0.072 mg/L as KMnO, * o} (Coffey et al., 1993; Edzwald, 2011; Lee et al.,
10 ——0.036 mg/L as KMnO, 2016)
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MnO,-Mn®* + HOCI + H,0 = AgETetE aabdon gkg AL S ee
2MnO, + 3H' + CI 5) 25tk (3), ()W HES o] Qo= Mnﬁgl’ oA FH _"'I:
o] W7HAkEE 7o) ThoFE mRRESo] AgtE oy
Q.
o

MnO,-MnO + HOCl = 2MnO, + H + CI'  (6)

QP ALTE WgA] ()3 WAl (9] W SER

=X pH 8oJ4] ZH2F 64 x 10°* M'-s'2} 4.0 x 10° M'-s' =

B 3E HF 3)=1 (Allard et al., 2013; Van Benschoten
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Fig. 4. Comparison of multiple injection with single injection
for oxidation coupled with batch membrane filtration
(Initial manganese concentration = 0.15 mg/L as Mn;
Temperature = 23*1C; pH = 8.1~8.7; n=2).
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WM s 2 A9 gl 0288 mgl as
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Fig. 5. Mn removal by multiple injection for oxidation coupled
with batch membrane filtration at reduced dosage of
KMnO, or NaOCl (Initial manganese concentration
= 0.15 mg/L as Mn; Temperature = 23=1C; pH
= 8.4~8.6).
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ZQ ZAue}, IpgHAirel FQ1EF(0.144 mg/L as
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I Aatof M 354 AutEot o Hold WA
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Fig. 6. Effect of temperature on Mn removal by (a) KMnO single injection, (b) NaOCl single injection, and (c) KMnO; and
NaOC| multiple injection for oxidation coupled with batch membrane filtration (Initial manganese concentration =

0.15 mg/L as Mn; pH = 8.1~8.8).
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Fig. 7. Mn removal by the continuous oxidation-membrane
system with KMnO; and NaOCI multiple injection (Raw
water manganese concentration = 0.15 mg/L as Mn;
Temperature = 23+1C; pH = 8.3~8.8; 0.04 um
PVDF hollow-fiber membrane; Water flux = 80
L/(m*h); HRT = 0.5 h).

Rt} (Choo et al., 2005; Kang et al., 2017). L1},

ol Bk Fol-upolat Qg £ A WA
sfolat 2k, Al ) glo] U4 vk ol
A0 ujs) uziRkgre] Aol YshEol upE
deol 35|y FFE A= o = AU (Fig. 8).
A7} e @ Ao u, ko) F7ef we uf
T} s Aot ol g, & dAFolA Y] %
PArEIE S| 27]7h 2FAbere] Hsluch wA A4
w4 Aol n)AE gare] Agd Aow B

(]

ek AR S AReld B esg
2 folw Ywsk FE 10 um ol4ol%

©8le] WHLSHEe] BHERC] 4ol Asldynaic
membrane)S FATHO 2K (Al-Malack and Anderson,
1996), 914 o] EASHE A7 BS FsIE
5 voog 9l wgom Hge 4 v
(Choo et al., 2005; Lin et al., 2012; Lin et al., 2013). 4
Az, A& AYA] Trofi} A wkg-ZofA 1ejal o
3} 5o AesolM 4718 FES ZHste] ol
A%9 =25 ADOC, AUVysy 7|22 =2 B}
HQtth (Table 2). 21 A} AFSHAISE =Y 39,
ADOC7} 1.40 mg/Lo|A 1.77 mg/LZ 26%, AUVasi7}
0.030 cm'ofl A4 0.036 cm' O 2 20% 75tk 2
g} o] A1 xbtskEe] ofsl] wrojat Fofl 714

—¥—Raw water
—=—0.144 mg/L as KMnO, + 5mg/L as Cl,

40 —4—0.072 mg/L as KMnO, + Smg/L as Cl,

© ——0.144 mg/L as KMnO, + 1 mg/L as Cl,
Q
= 30
o
s
= 20
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0
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Time (h)

Fig. 8. Transmembrane pressure profile in the continuous

oxidation-membrane system with KMnO,4 and NaOCl
multiple injection (Raw water manganese concentration
= 0.15 mg/L as Mn; Temperature = 23*1C; pH
= 8.3~8.8; 0.04 um PVDF hollow-fiber membrane;
Water flux = 80 L/(m?-h); HRT = 0.5 h).

(a) (b)

Fig. 9. Fouled membrane modules in the continuous
experiment for (@) membrane filtration without any
oxidant injection and (b) membrane filtration with
multiple injection of KMnO, and NaOCl.
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(0.144 mg/L as KMnO, and 5 mg/L as Cl,)
(a)

Table 2. Removal of (@) DOC and (b) UVass by membrane filtration with no injection and multiple injection of oxidants

(mg/L) Reactor DOC (Cg) Permeate DOC (Cp) ADOC (=Cg - Gp)
Non-injection of oxidants* 4.82 3.42 1.40
Multiple injection of oxidants* 5.68 3.91 1.77
(b)
(cm™) Reactor UVass (Cr) Permeate UVy54 (Cp) AUV354(=Cg - Cp)
Non-injection of oxidants* 0.068 0.038 0.030
Multiple injection of oxidants* 0.073 0.037 0.036

* Samples were collected when each continuous test was finished.

Table 3. Influence of multiple oxidant injection (0.144 mg/L as KMnO4 and 5 mg/L as CI2) on DOC, UV254, and SUVA

in the reactor for continuous filtration tests

Conditions DOC (mg/L) UVyss (cm™) SUVA (L/(mg'm))
Non-injection of oxidants* 4.82 0.068 1.42
Multiple injection of oxidants* 5.68 0.073 1.29

* Samples were collected when each continuous test was finished.
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