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A study of the reduction mechanism for nitrate removal in water by biochar
supported nanosized zero valent iron
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Abstract: In this study, biochar supported nanosized zero valent iron composite (NZVI/BC) was assembled
from biochar and nanoscale zerovalent iron (NZVI), while NZVI was prepared by liquid phase reduction
method. The XRD patterns showed that NZVI/BC was composed of biochar and NZVI. SEM indicated that
NZVT particles agglomerated greatly, and dispersed well after being distributed on biochar grains. The focus was
placed on the effects of the solution pH, dosage and ratio of Fe/C for the composite as well as the initial concen-
tration of NO; on the reduction of nitrate by NZVI/BC. The research clearly demonstrates that NZVI/BC ex-
hibits highly efficient reductive capability. The reductive removal rate of NO3 reached approximately 75% with-
in 2 h by using NZVI, and reached approximately 96% by NZVI/BC under the same certain condition. There-
fore, NZVI1/BC is a promising scavenging material for nitrate.
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SN, AR T, B ST 4 A B R0 b R B
PLUR B H (Krulthof et al.» 1988). 2418 JE ik
VU AH 6T 8 A7 ] e, LA TG B A S5 . JL R, gk
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FERTER NZVI B etk . YF2 W ox &8, o) LU
SCPEIE SR NZVI 40 HobE, DLy iR B RS S (L er
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Table 1 Surface structural characteristics of different

materials
T
m°*g cm’g
EWFUR (B 395.76 0.204 2.06
PR FEMER(NZVD 25.66 0.082 12.71
NZVI/BC-1 46.19 0.139 12.03
NZVI1/BC-2 70.10 0.145 8.25
NZVI/BC-3 89. 40 0.193 11.11

2.1.2 NzVI/BC 1) XRD A

124 3 R BT XRD AT B v BUE H, 4R
WITORAE S AE 20 0 23°F1 43° 22 47 IR A AT 55 7
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Fig. 1 X-ray diffraction patterns of BC; NZVI,
and NZVI/BC
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Fig. 2 SEM images of BC (a, b), NZVI (¢) and NZVI/BC (d)
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Fig. 3 Comparison of the reduction effects by NZVI and NZVI/BC
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HARE JAVERE . NO; B UGN 3.57 mmol/L,
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(Bl 4>, LnfE pH=06 B, 1 h MHER LB 2]
LRI 92% 5 111 2 h 2B WL 95% - 75 pH
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Fig. 4 Effect of pH on the nitrate reductive removal
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PLE B — AN M BARCIR & o i, T3 A TR
(15, 0T AR A B (1) 23 BOAS 2 AT I S AR S A
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Fig. 5 Effect of the mass ratio of Fe/C of the materials
on nitrate reductive removal
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Fig. 6 Effect of the mass ratio of Fe/C of the materials
on ammonia nitrogen production
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h (I, Bt b ) 2, BRI 4N
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Fig. 7 Effect of the dosage of NZVI/BC on nitrate reduction

2.2.5 NO; WU X F B R 1 52
GBI W AR LR 2.14.3.57-5.71 F17.86
mmol/ L AR BRI R HW pHE R 7, J5 4%
2 g/ LM NZVI/BC-2, %5 5 A0 A [F) i 2 B B
A NSRS . B 8 PR, 2 NZVI/BC-2 £
I —E I, NO; WA R B OK, Tk i o 2 B A
NO; VLAWK IE R 2.14 A1 3.57 mmol/L I, 2 h 1%
BRI 95% . A IS LRI« 8k 16 AR R0
HGIHSE MR EA (3K, 2013). K 8 TR,
NO; WJEMET 3.57 mmol/L B, HFHH I 2 o/L 1
NZVI/BC-2,2 h 2 Br i1 100% . Bt 5
350,24 Fe/NO; KT 4.5: 1A TE/A
JHE G20 1B, NZVI/BCRHH 2 %1 2% B % IR A
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Fig. 8 Effect of the initial concentration of NO5 on

its reduction
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v DU Y BE A ROV REAT, NO;y 1K 2 3126 3 ik
D BRI R 28 T 186 0, A A R IR 9 B Sl AR
SIS N, S5 AR IR A, AR A il 2 T
LA T P VA A U S — A TR . R U
R JSE B IS R ] R 184 0, S U 2, sk 2 1R 38 40 T
AR FAIENT A . AT LA 2R AR A AR 1 5 1
B AW TUR SN K AN BRI R SR LA Ak
iy 2 BRAFAS 0 R I AR s UM RU o, B
CIRYSER 3PN W W 35 v i - P B LN
H i T2 M bk, B2 7 A8 B 4 21 5
o
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T30
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Fig. 9 Concentration changes of each nitrogen species derived

from NOj reduction

2.2.7 NZVI/BC & JSUHA RN R N 5) ) 2

X2 BIHAFE AT, NZVI/BC MAH S A 1iE
JEEh 1A S 5. A T T L, B E 4
—g . MR 2 WTLLE H, TIREER A&ET,
NZVI/BC % NOj ik J5 &3 575 G — 9 [ N 3))
D150 ARV JRUTH R AR, B EAEER 1A
NI B RT RIS 31 80 9% 25 BR A, 25 2 AN 25 B
A3 WA X G202 P46, e P47, Jir DA R B4 50
LA/ . SR 2 kT BUFE ol
NZVI A, NZVI/BC % i 2 &k J5 8l ) 2% 5 £
SR PRS2 A, B S T AR R 2 ) s TR
o] DU iy NZVT 36 JU 3 35, A8 W) 5t K BE A% ek
> NZVI RIS, b HA R 5 1) S AT ie WE%E
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AN pH B4 A T 138 i 5l 77 27 1 $on] LLUR IR, pH
H4 6 I8 1245 B 2 pH AE 0 7 (1 2 K —
G pHAEA 7 I8 J1 5 A0 E & pH A8 8 19 1.25
5, U B IR P 2% P R 12 5 IV 1D 5% il 2 FEE AN % ol sk
PESAE B, BBk 2 DR K AR RE R A 28 U1 25
BRR . BRI, i NZVI/BC FI G, 75 2245 0 V.
IRI46 pH AEAE Th PR B PRV ), A SR B s i
Bt JLAMRIEFT A E S, pH (E AR, & B RO B gr

(Huang and Zhang, 2004). ARIZRBFIE nEH 4
X)) 5w B I B — T . o, R B 2 BY
Fe MR, 7255 1 AN, AN B0 ) 275
EACIERIEN NP VL W ST 2 8 1/ PN S P L E A
PRI BN A7 AR 2, AN NZVI 4 5B, 71
S5 BUINFTA) A 1R B B T A R . [RLRE, Fe BN
OB, U] NZVIBZ , 547 I A) A 404 5K NOy
RN AR, I SR A S A N AT B R

K2 FRFHBTEERHSENNFERE

Table 2 Kinetic rate constants of nitrate nitrogen reduction under varied process conditions

4 A M MHIEG & 0 k10 min™ R
FAERET NZVI 1.95 0.958
, FEH[Feltntit =1g/L, pH=7,
NZVI/BC-2 [NO3]-3.57 mmol/L 3.93 0.972
)46 pH i pH=6 4.04 0.935
pH=7 NZVI/BC-2 [1J[Fe]44 litt=1 g/L. 3.93 0.972
[NO3 ]=3.57 mmol/L
pH=8 215 0.949
R Fe:C=1:0.5 2.59 0.978
Fe:C=1:1 H'*:LI'{]“:CH.}UI: f=1g/lL,pH=7, 393 0,972
03 ]=3.5 nol/
Fe:C=1:2 O R 493 0.952
NZVI/BC-2 0.5 3.05 0.971
FAEHE A
(LLEEE, gL I _ 3.93 0.972
i pH =17, [NO3] =3.57 mmol/L
1.5 5.19 0.970
2 533 0.967

2.2.8 NZVI/BC it RS & I HLEE

HRE 2 /T 120 B, AT LUK B, #E NZVI/BC 38 it
THAS AR, B S S 25 200 = B R D, A
{10 0 B VR 1 I, A S 00 R R S S ek D 1
B 75 G A>B—>C B, kvl BLE 45, NZVI/BC
M A S I SR A2 a0 1 10 BTos:

=R UNFINE W
NO; +4 Fe’ +7 H,O—4 Fe(OH), + NH, +
2 OH™ (3

NO; +2.82 F’ +2.25 H,0+0.75 Fe? " —
1.19 Fe;O, + NH, +0.5 OH™ (4
2 NO; +5 F’ +6 H,O—>5 Fe*" + N,(g) +

12 OH™ (5)
6 NO; +10 Fe + 3 H,O—>5 Fe;0, +3 Ny(g) +
6 OH™ (6)

NZVI HA—E MW GE )7, I3 NO; Wt 21

RMPE R HEHT NZVI 5 5 X 5 E 4L, i)
FIHFAEAEA S . NZVI/BC 5 4iff) NZVI L,

NO; NOj;

Ed B

NZVI

N, i B NH; B

Fe(OH), Fe;0, Fe’

Kl 10 NZVI/BC i 5 & it 2
Fig. 10 Conceptual processes during nitrate reduction
by NZVI/BC
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1B N R0 AT o BRI A AE 2 i LA T 2
BRI B, XX LE 7=y n] LA R v A, S IS ST
AT WIS BT . 50 BC B AEREIA B1X —&0UR, T fg
AW TR R — 5 T2, NZVI A 5 4y # i L
U, I3 S NZVT B 000 BT G 28 55 — 5 T A&, BC
LE R TR R, W AWK B 38 43 DT TE Ay 7 4 e Ak — L%
(1) B R

FET BC 2 , Sl o] OB OGEAN U 1)
Ji A v, 3 A, R A AR, R A B B, S R P AL DR
NO; M FR RPN R T e . R Nk A2
BRAE Ry 1 A A T 4 T8 o, A AR R R T2
PP IE 5, e A R A A B T2,
LA Fe? T W Fe(OHD,~ Fes O, M8k 1R IE A L)
BEAN, S35 PR R ) NZ VT 6 n] LA/ 8 b 57K %
L, A2 Fe? A HCRFBRR, 201200 X6 it B A7
—EMEIRAE T, T35 NO; ik . WFER
B, NZVI & J5i NO; 91, pH H 4k 7, b
Ji T FeCOHD,Fe;O, 55 =W ox b 2 A= 1, I8 i—
Tl S A RS b R 2 2T o 3 P AR A i T LA K | T A%
R B R HEERT, A NOy 7Rk T 45 21 HE 74
R (Nurmi ef al.» 2005). NO; Wik 5= ¥)H 2
HMZEA . WA A AR A i 26 v] UG H 0 A %0
e R ). Bl RN HEAT, B E EE A
PAEWHE . AN, G Cikee t, 75X —id g
P, Arfg =4 b H 1 N,O.

(1) XRD KBl a7 BLIE ], NZVI/BC & i NZVI
I BC 415 SEM B3 nl UG i, 51805 # KL
NZVI 7 B BHG 78 BC 2R 101, KK FEAE T B HERR
Al REE

() TEMFZAE T, R 2 hy NZVI X NO;y
EBREFEN 75%, 110 NZVI/BC X NO; [ LBr&E N
96% . A M., NZVI/BC 8% v ik NZVI & B2 5 A
A IRk b, PRI H BH S LA

(3) ¥ pH H 2 52 NZVT 2 B 08 (1) 8 22
K2 . NZVIAUAEAG pH E FX NO; A R4 2265
K, 0 NZVI/BC P 55 0 v 4% 1R A7 3¢ v 25
o i, 78 pH=7 4,2 h Z2BR%H4 96%,
EpH=8 MM T,2 h ZBRENR 87% . Ha
2352 NZVI/BC SAH A £ BR AU, A5, 2/
R 11 MR 2 h Z2BRZAE 95% AiAr, HA Ak
() 2 B AR AE XD, 20 53% o T8I0 5N = K
IR SE IR 7008 I, M/ B E T 2001
I, NZVI/BC % i 24 B0 2 B Z6n] LUk 3] 959% LA
o BEAE R REAT  SEE BB SR 1, 50 %
Fe A (PR R e 2 A O &R T A B A
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