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Study on the Adsorption Performance of Nitrogen-Doped Digestate Biochar for Pb**
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Abstract: Objective Wastewater containing lead has a significant destructive impact on human health and the
environment. Adsorption is a well-established lead removal technology. However, efficient adsorption of Pb** still faces
many challenges, such as high costs and low adsorption capacities of biochar adsorbents. Selecting appropriate adsorbent
materials and improving adsorption efficiency through modification methods are crucial. Methods Nitrogen-doped biochar
derived from food waste digestate was prepared by carbonization and subsequent nitrogen doping. The adsorption
performance of nitrogen-doped digestate biochar for Pb** was investigated under different initial solution pH values,
adsorption times, and initial Pb** concentrations. The adsorption mechanisms were analyzed and explored using various
characterization techniques, including scanning electron microscopy (SEM), Brunauer-Emmett-Teller (BET) analysis,
Fourier-transform infrared spectroscopy (FTIR), and X-ray photoelectron spectroscopy (XPS). Results The results
showed that nitrogen doping generated more mesopores or micropores in the digestate biochar, increasing the total specific
surface area and pore volume. The complexation of oxygen-containing and nitrogen-containing functional groups was the

main mechanism for Pb** adsorption. The nitrogen-doped biochar exhibited better adsorption performance for Pb**
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compared to the raw digestate biochar, which indicates that nitrogen doping can effectively enhance the adsorption capacity

of biochar for Pb**. The Langmuir adsorption isotherm model and pseudo-second-order kinetic equation better describe the

adsorption characteristics, suggesting monolayer adsorption and chemisorption as the primary adsorption mechanisms.

Conclusion Nitrogen doping is an effective method to improve the adsorption capacity of digestate biochar for lead ions

and has promising application prospects.

Keywords: digestate; biochar; nitrogen doping; Pb*" removal; adsorption performance
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THE—BhJ12%, T HAE RS I 2R A A5 2 1k
PP EE ¢, ppe 4 133.3 mg/g,q,y-ppe M 302.5 mg/g, i
R B 2t LT 422 0 S N ) W B 2 IR R s T
L 3k 52 R o J5 1 £ 49 e W o 51 =2 T A 2 5 0 A BR
i, B A DU AN 5 A A e A v B PR ) W0 A
R YR  ER I HE T, WA A 4 e IR B SR XE Ph Y
MR R DL k2 R R Ay = T AN 3 30 1 £ S AR Y i
#b ,N-DBC XJ Pb** iy 78 B sx it AFE BB 0
DBC R HAAE TG AL A BCR SN T s R AR
ATRE R S A EREW PR AT b, A= 0 2 IR B 5]
XF P> i) R AP B R -5 A= 40 i W B 590 2% 1 AU R 1A 2
PIARDE | ZEAAHFSE FTIR H XPS 43H714% 5F, thfig—
TR P 1l IR 5 | B R P T A e A 40 e WO R 5 %
Ph* (I B RE , TSR AL T N-DBC 4% B hE

&2 WM NFEREHEG
Table 2 Adsorption kinetic model fitting

R B—BHF BB HF

BWA g, K, R 4o K, R
DBC 131.8 0.179 0.594 133.3 0.0056 0.991

N-DBC 297.7 0.128 0.517 302.5 0.0021 0.996

3.4 BRI HRIEA PR P P> ()55
MEL 7 0] LIE H L AE P UG N 150 mg/L I
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Tt % 300 mg/L fyiFFEH , N-DBC Xf Ph> it W fff 25 &
303. 33 mg/L 142 353. 73 mg/g, MM DBC (W% i 75 5
M 136.92 mg/L $2FH 2 155. 96 mg/g. XM, A= ¥
W2 B 3510 % P> ) i o 25 o 5 LA 4 e B St TE A OGO
F., XA RES BB AW AT Ph> AWM R A &R
AR, MG PH R AL 300 mg/L B, A
W W R SR 6E P> F10 I 36 3811 A0 IR A5 R B 2 B AN
4RSI, DBC Fl N-DBC #4 fi KW B 25 50 B E
TE 157. 43 F1359. 17 mg/g, 3% & I A A= 1) e W& i 351 2
T A7 B T AR Bt VR B o 1 T 3 T S
g BRI T 5 PO S G IR i P
WIUG R BE (R T 50, A 40 ¢ W B 00 % PO g TR B 2 22 3
B AT Ay e B R TH 5 P 2z [R) Y Ve B A
B R, X INGA R T REAR AR Py e W2 56 500 2 g o
P> 3o A v T T I A4 ERE T, AT B 3 T Ao A il
FHRR IR e R P 75 5, 45 SR K], N-DBC
XK Ph> 1 L BRIEREA & RAF IR

170
160 |
Top
0
g
<150
b
=
=
140 F
e DBC
—— Langmuir model
""" Freundlich model
130 ' ' . :
100 200 300 400
R IE g1
(a) DBC RHMZiR Lk
370
360
350
\?D
‘f‘:_@ 340
E 13
=
320
e N-DBC
310 Langmuir model
..... Freundlich model
300 ' ' '
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AP (mg - L)
(b) N-DBC W Hi&ig sk
B 7 N-DBC #1 DBC B M%iR%
Fig.7 N-DBC and DBC adsorption isotherm

Sk T IR A W e W 6 R %) R B R O A I B4R
Z BT PO IR K RE A b LR ST 3 24 A R BT
FF, FIL, #E1T Langmuir 1 Freundlich £ J5 #5 Al 4]
G A SEOE LR 3, PIREELR R (H 3%,
HSZE8HE S Langmuir S ARI A RE BT &, £ 25 C
(SRR, A W e W R R0 % P> (R W B A7 o BB 45 &
Langmuir BRI (R}, =0. 972, RY . =0.984) , X Ui 4=
10y 1 B 90 29 T 1% W o Ay B = 23 W 5 L 8% RS s
B, Rl 0515 2 N-DBC FH 8 it KW 25 4
365.2 mg/g, T DBC(168.7 mg/g) ., XAl AEVR T 7
RBARBEY R TSI T SR/ I, KA
ZBR P> T B A RLRE

x3 LRWMEINER

Table 3 Results of isothermal adsorption simulation

EX/F 3 Langmuir Freundlich

AIHA K Qn R Ky 1/n R
DBC 0.044 168.7 0.972 84.8 0.108 0.914

N-DBC 0.171 365.2 0.984 250.5 0.067 0.903

4 w5

A 5 3 3 X 4 B s 3R ST AR R P TR i A )
RIAT A A oM, il A T —FloE B A B 2 R W
N-DBC, HF bRk &R s Ph* 5 4%, FFHR 58 T W Bff B
] WG pH (E AW 5 A HE Xt Ph> W P E A4 52 0, 1
T/ B A% Ph™ W AR FE R . il i SEM BET,
FT-IR Fl XPS & Z M RAEF AN EAB 4011 5 A W) < 1)
TS FLBRRAE | 10 A4 HE AT 20 B 3R AE , IF 45 & W Bt
Bl )RR B AR R 5L 5 WFSE T PhY 5 A ) Je W A 7
Z A VEFIALEE 15t LR 2224508

T CN & il 25 75 20 0% £ M B 77 N-DBC 1y L
TR FFLB AR B3 K 4 $E T 17 7.5 £ 4. 2
fio N-DBC " EZLIA-FLK BT REAFAE R AL,
HEHM-0H,.C-0-C. FRERAZSST Pb™ Wk
B, EL& N RE AR B A £ SR, Kk, CN 2 —Fp
HRAE A48 24 JEORE, T AR i 1 AL R R B AR
Bl

N-DBC 7 pH(1.0~6.0) 7L F N b DBC X} Pb*
A e R BT 2 B AR T IR AR A= W 2k DBC., W B 2521
BE) KA TE, EAFE DBC B WL B 2 B 138,58
mg/g,N-DBC W [} 75 & 4 306. 33 mg/g, N-DBC [1)°F
I BB e DBC #2051 1.2 1%, A=W BRI P>
(R B 25t 5 T Rk B S TE ARG OC &R

WEZ B 12 A S5 R AR T — S g )12,
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LRI AR W B 7S e S S E R, AR 25 C T Ak
W BRI Ph> BN AT 5 Langmuir A5 84 45 458 5 1) 40
HEE R FE NI FIZ WM, 256 RAE B4
N-DBC W B 32 LA 2A W B 3l XV i A
BT RIB A UE Wl 15 2] T HA ZLEH AT A
PR E 0 W e W R R, B8 v T FEX P> A IR o o, (o
A AR Ph> N FH AT 5,

KGRI R R IB BB Y R (N-DBC) BA )
Vi) ) IS P IS5, A 0 3 A 0 o ) A AR AIE T iR A
RUERIBARIE AL YIRAE Ph™ Z Bk RE 7 1 2 90 A
SR E RIS B AL R A BREE AR A R IR AR SE . A
5T, A W RAAE B — 25 4 T il &, itk — 25 fe s
Wy < W B 550 8 1 25 2 A28, 4 I T O i . TR R A T AR
S, AR G BAE W T B 3R ) e O ) AR, I
Gh SEBREEK IR G e A Horh 5 Ph* Y e 4 W
I 22| DA I S B I 7K T 2 B 3080 SR 19 52 ] iy 7 a2
—HHET,
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