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Abstract: Iron/manganese sulfides exist widely in the anoxic underground environment. The element cycling
process of Fe, Mn and S controls the material cycling and energy conversion process in the underground
environment. Usually, iron sulfides can produce reactive oxygen species (ROS) with O, disturbance by
providing electrons to reduce O,. However, the specific mechanism of ROS production by the reaction between
manganese sulfides and O, is still unclear. Herein, manganese sulfide (MnS), a prevalent natural form of
manganese sulfide minerals, was studied to explore the species, kinetics and reaction mechanisms of ROS
generated by the activation of O, by MnS. The results showed that MnS could activate O, to produce a large
number of ROS, including -OH, H,0, and O, . The maximum cumulative +OH reached 389.0 pumol/L
using 1 g/I. MnS with initial pH 3 at 200 r/min stirring speed, and the yield of +OH was 4.4 and 149.6 times
greater than that of FeS and FeS, oxygenation under the same molar concentration, respectively. The reduction
of O, by MnS resulted in the generation of O, through the transfer of single electron, followed by the
acquisition of an additional electron to form H,0,. The dissolved Mn”" catalyzed O,/H,0, to produce - OH with
low efficiency, but the structural Mn(II) could efficiently catalyze H,O, to produce abundant -OH, indicating
that heterogeneous catalysis of H,O, played an important role in +OH production. Additionally, the soluble S*~
might facilitate electrons transfer to high-valence Mn(Ill)/Mn(IV) to promote the regeneration of structural
Mn( [l ), which further promoted the production efficiency of +OH via strengthening the electron cycle of Mn( Il )/
Mn( [l ). Furthermore, the degradation efficiency of phenol (5 mg/L) by MnS/O, system was up to 97.4%

within 3 h, indicating that the activation of O, by MnS showed great potential in the environmental remediation.

Keywords: manganese sulfide; oxygen; hydroxyl radical; hydrogen peroxide; structural Mn( Il )

B (Mn) J& 1l 52 = B2 AR T 86 R BRI o 1 4
JBIT R, A P EE R 0.096% , EEAFFET
WK K DU MR T Y. — b Tk
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A Mn™ 5 5 W0 JE R N, 7R A A SR 4 (B Ak
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R, EE AT LA FI B kg/m* Y, MnS 1K 4k £k
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A2 B AT RS Sy R O gt AR
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7E FeS Al FeS, A b il f2 o, iR RS S* /S,” Al Uf%
T4 O, R 3F ROS B 7= 24 . {H7E MnS A&
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FEE A 415 nm FE A7 I " 7 ff Min R HUEFR G
B TR R BHEIEALGGCAP 7000 SERIES, $8 8k &)
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Fig.1 EPR spectra in MnS/O, (N,) system and - OH accumulation during MnS, FeS, FeS, oxygenation
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K 5(b)). BEE b, 82K DO RIZ™ 4 8 £ - OH,
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2.3 -OHFX£HIE
2.3.1 H,O,% = %% 4%
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R A il - OH e AR ] A iyl = . &1 6 (a) BT
IR, TGRS T A R & HLO, ¥ 35 78 A BR L
LB E &M ABTS & & & 6 iF B A H,0, 4
AP, E R AR R, MnS/0, 1k & HO, 77 &
H# (1 119. 2 pmol/L) it # FeS/0O,(<<2 pmol/L) #l
FeS,/0,(14.4 pmol/L) & & , & B MnS M # Fe,S,
AL O, 4 W HLO, B8 Ty BT 3% o 7E N HT 4 h 9, HLO,
Wk I e JBE i 5 ) A S i g o A R E 4 h R,
HLO, Ik Hif ¥ BE AN S W, FLvike Ji i AR 8 b s 34 5 - OH
PR AR 1(e) ), BIEE SR AT HLO, 77 A=
HARTIHFE R, W 2 LT 7 s
W1, HLO, 7= A2 SR A, HE HLO, T FE 5 20K 36 i
JIT LA Ho O, 5% B e 2 32 7 FEAIK .

A SCHERPIRTE O, 38 JFE A B HLO, A B ik
B, —2WP R THE (O, +e —0, ,0, +
e +2H —>H,0,) , =& — X WH F & (0,+
2H +2e —>H,0,) . A T ik HO, i H F 7~ £ &
&, 7E MnS/O, 7 Z o in A X 2K B (p-BQ) , PA K
O, , WA p-BQYH O, &M #E K& ,(p-BQ,
0, )=9.8X10° mol/(L-s)", %5 5% K 6(b) fF
75, Al A 10 mmol/L () p-BQ J& , 14 £ w3 A 6 I 5]
H,O, 77 , i JL-F %A K E) - OH (& 6(c)) , £
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01233557 ——FeS/N,
0 0 —— e
0 1 2 4 5 7 0 1 2 3 4 5 6 T 0 1 2 3.4 5 6 g
anEﬂ/h I}k HE)/h

(a) R ZR N H,O, Bk g

(b) MnS/O, & Z N H,O, K55

(c) MnS/O, R Z N - OH K S5

E6 HO,RELTULEBRERIRE
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