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Biological denitrification and nitrogen removal performance
of modified pyrite as electron donor
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( Anhui Provincial Key Laboratory of Environmental Pollution Control and Waste Recycling, Anhui Jianzhu University,
Hefei 230601, Anhui, China )

Abstract: Natural pyrite was ball-milled to nanoscale, mixed with dimethyl sulfoxide, and then anaerobically
calcined at 600 °C for 2 h to synthesize modified pyrite. The modified pyrite obtained was then
characterized by XRD, SEM, N, adsorption-desorption and VSM. The effects of different physicochemical
factors on the biological denitrification performance of modified pyrite were further investigated. The
results showed that the modification reaction transformed the highly crystalline pyrite into low crystallinity
pyrrhotite (FegosS;9s5) with a porous honeycomb structure, the specific surface area increased from 0.82
m?/g to 10.54 m*/g, pore size increased from 7.70 nm to 22.41 nm and the magnetization intensity increased
to 12 emu/g. The NO;-N mass concentration decreased from 18.50 mg/L to 0.36 mg/L in the simulated
wastewater when treated with modified pyrite of average particle size 200 nm and dosage 500.00 mg/L at
temperature 35 °C and pH = 7.0. Meanwhile, the reaction time reduced from 4.50 h before modification to
0.75 h and the NO;-N removal rate increased from 42.80% before modification to 98.10%, showing that the
modified pyrite could be efficiently utilized as electron donor by denitrifying microorganisms. Data from
denitrification kinetic analysis demonstrated that the kinetics of the autotrophic denitrification (MNPAD)
reaction with modified pyrite as electron donor was consistent with zero-level reaction characteristics
(R>0.97).

Key words: pyrite; electron donors; modification; denitrification; pyrrhotite; water treatment technology

Yois BEA: 2022-11-08; EABHI: 2023-02-16; DOI: 10.13550/j jxhg.20221012

E&WH: HRARBERETHE (51978003) ; ZHAEAEIT ARFHFERTIH (KJ20192D54) ; TREEEIT HIRFHE— o
H (KJ2019JD10)

EB®N: B8 & (1996—) , B, Wi+, E-mail: 1456062119@qq.com, BER N : FEER (1975—) , B, #$2, WL,
E-mail: tangyc@ahjzu.edu.cn,



559

R &, AR R R R O T AR AR W R AL AR RE

© 2053 -

WS K ZSE RN A T2 (IR A-BLR- 1R
% (AY0) U AP et TE TS e (SBR) P
) PSR AR, KA =L T 15.00 mg/L,
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Fig. 1 Community structure of microorganisms at genus level
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) L1 | | || ||| PDF#S-Q600
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= FeS, FeS, FeS, Fes,
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26/(°)
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Fig.2 XRD patterns of pyrite before and after modification

2.3 BET &#f

21PN KRR B BB (600 °C, 2 h)
DL N IR A BB EE R (600 °C, 2h, “FHEETAM )
i b AR LR

TR B BT LA SR A B e B BT Y LR T
P42

Table 1  Specific surface area and pore diameter of natural
pyrite, pyrite calcined at 600 °C and pyrite calcined
at 600 °C dimethyl sulfoxide

L2 R REA/ (m’/g)  FHFLAE/nm
RAR Bk 0.82 7.70
JBUbE B 7.64 16.71
REBPe ek 10.54 22.41
HiZe 1 af L, SRR AL, Bebe s gkn”

FNRA B ™ B FL R AL 0.82 m?/g 3440
#| 7.64 m*/g A1 10.54 m*/g, fLARWM 7.70 nm 3K
F7 16.71 nm 1 22.41 nm, 7] LIFH, BkenT i
AR R R R A, EHLIR A B SR B
LT B — ke
24 SEM &#7

SEM 43T HIFE B BE A1 41 2 h, elePEniffe sk

WY SEM S5R 4N 3 i, FARERRT MK (Kl 3a)
S ST W AT SN E 2 A3 TN YK 7 N
H & 3b AT LAFE 3, 500 CHREFET kw3 45 B
SRR FLIMT RS, (BTSSR SRR 2 B i fL B,
LA N/INBURL I &, RiAE2) 600 nm. HHE 3 ¢ 7]
PINEL 5], 600 °CHREEERT RO L ML
1, 454G XRD RUIA DRGSR E R, R
SRR Y 600 nm AR 35 . FR IR 3d AT LB &
MELE], 600 CIEABLER Y ( ZHIELWEM) T
2L R BILRERE R, X—1HH5 BET
SIMTEE A — 3, B SERERT AH E, TR A
WA LR I RBURFLAR M (52 1), [l
T L4850, REPORALZ 400 nm PR % . K
3e~f 1] LIWLER B, B0 T 2] 800 °CH:Z 1000
CCH, A AT LA 3 B 5 FL B H JC B 8 %) 2 FL 45
F, 254 XRD 43412 I A 1l i il o ik 45 S R v
LY N R AL N

: Zum,)'
a—RAR WA ; b—500 °CHREER T ; c—600 CHEEEELY;
d—600 CIRGBEEHET ; e—800 CHELETELT ; £—1000 °C
BTk

K3 kRTE #8071 SEM &
Fig. 3 SEM images of pyrite before and after modification
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s MW 4 aTLLE W, SO Bk w1k o B bl
R B T SRS KIS N, 600 °CIR
BB RN WG AL TR B IR B KAEN 12 emu/g, 3R
A s MR ) o B Bk A G, 5 ik XRD &
1%5}1‘}?%% (FeO.9SSI.05) %Zlggﬁlo 4@%@%@1@
F2EE) 800 °CEEZE 1000 °CH, REALIEEE HIIT 1A &
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Fig. 4 Magnetization strength of modified nanopyrite at
different calcination temperature

BEALIRBE/ (emu/g)

15 20 25

2.6 RS
XPRIRBEERA™ . JBele ke (600 °C, 2 h) LA
KRB (600 °C, 2 h, “HIZEWM ) i

TR T, 25K S i, hE s ariL, /5300

BRIy AR T IB 0K, SFIRARZH 276 nm.

8r —— RREGT
—— 600 “CIEHEHHKY"
7L —— 600 “CIRABEER Y
6 .
X5F
=
R
fm 3
2 .
1 -
0 L L
10 100 1000 10000
A /nm
K5 CPERDJE BB ARLAR 20 A 25
Fig. 5 Particle size distribution of pyrite before and after
modification
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Fig. 6 Nitrogen removal performance of pyrite at different
calcination temperature
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Fig. 7 Nitrogen removal performance of pyrite calcined
with different modifiers
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Fig. 8 Nitrogen removal performance of pyrite at different
mixed calcination time
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Fig. 9 Nitrogen removal performance of modified pyrite
with different dosage
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Table 2 Denitrification kinetics of modified pyrite with
different dosage

FhnH/(mg/L) k/[mg/(L-h)] R?
200 6.12 0.991
300 6.54 0.987
400 8.10 0.980
500 8.88 0.978
600 12.36 0.980
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Fig. 10 Effect of initial NO3-N mass concentration on

nitrogen removal performance of modified pyrite
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Fig. 12 Nitrogen removal performance of modified pyrite
at different pH
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Fig. 13 Nitrogen removal performance of modified pyrite
at different temperature
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Fig. 14 Nitrogen removal performance of modified pyrite
under the optimal conditions
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Fig. 15 Recovery and utilization of modified pyrite
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Table 3 Economic comparison, advantages and disadvantages
of pyrite and other carbon sources
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Table 4 Economic cost for preparation of modified nanopyrite

[£%§;)ﬁ%§/%mﬁ il 7% %ﬁ

58 /mL] (kW+h) JnfE/L b/t Jt

SLEGEREEHL 0.565 2.4 — 1 67.80
B 0.565 10 — 1 56.50
B2 T RAR 0.565 18 — 1 50.85
MERL 0.565 0.22 — 1 6.215
EIN 0.032 — 2.0 1 64.00
PR 0.080 — 4.5 1 360.00

DERFR AL TP B WA A4 T8/mL
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