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Adsorption of Nitrate Nitrogen by Solanaceous Vegetables Straw-derived Biochar
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Abstract ; Nitrogen fertilizer was excessively applied in the agricultural production, which resulted in soil
secondary salinization and deterioration. Biochar has been gradually applied in soil restoration due to
adsorption capacity. However, solanaceous vegetables straw-derived biochar was rarely reported. The
present study aimed to explore the effect of solanaceous vegetables straw-derived biochar on adsorption of
nitrate nitrogen and mitigation of soil secondary salinization. Straws of sweet pepper, tomato and eggplant
were prepared as biochar by pyrolysis. Adsorption and mechanism for nitrate nitrogen removal by
experimental solanaceous vegetables straw biochar was examined. Surface morphology and functional
groups were characterized by scanning electron microscopy (SEM) and Fourier transform near-infrared
spectroscopy ( FTIR). The adsorption process of nitrate nitrogen was simulated and fitted by kinetic
model and isothermal adsorption model. The adsorption mechanism of biochar was analyzed according to
morphology and model parameters. All of the experimental solanaceous vegetables straw-derived biochar
showed adsorption capacity of nitrate nitrogen. The maximum adsorption capacity of eggplant, tomato and
sweel pepper straw-derived biochar were 114. 788 mg/g, 29.736 mg/g and 9. 759 mg/g, respectively.
The adsorption processes of eggplant and sweet pepper straw biochar were well fitted by quasi-second-
order kinetic model, which was controlled by the integrated adsorption of chemical bond, micro-
porefilling and internal diffusion. The adsorption process of tomato straw biochar was well fitted by the
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quasi-first-order kinetic model, which was mainly physical adsorption. Functional groups such as

hydroxyl group, methyl group, methylene, carboxyl group and carbonyl group were observed in

experimental biochar, according to FTIR analysis. Additionally, ether bonds were observed in eggplant

and sweet pepper straw biochar and alcohol hydroxyl groups were observed in tomato straw biochar.

Therefore , adsorption capacity of nitrate nitrogen was observed in the experimental solanaceous vegetables

straw biochar. The eggplant straw biochar had the greatest adsorption capacity of nitrate nitrogen, which

was affected by various physicochemical mechanisms such as pore filling, functional groups and

complexation. The results demonstrated that eggplant straw biochar had great potential in amendments of

secondary salinization soil. The present study provided insight into the effective utilization of solanaceous

vegetables straw and soil remediation in crop production.

Key words: solanaceous vegetables straw; biochar; nitrate nitrogen; kinetics; isothermal adsorption

models; greenhouse soil; soil secondary salinization

0 35

Bt S M e BEAR 24k 1% KRB A &K,
ZERZ L, FESR A TERE KE AR, 7 LR
AU WA R TR S B0 R
FENER, TR R & A RRAR R KR
W A R AT Bh A2 BH, A K 218, P ERL A B
50 A i X R I it 1 38k A FUIE R B4 T
T Meta 43 #7, K& B ER 40 24 % £ )& NO; \SO; ™ |
Ca’* (Cl” il Na* %%, Hodh NO; HE# B2, ANE
I F il FH IR G 3 3k, A A5 R B R 1 AR it 33K
AL EZE A, ISt — 0 S B R A
B TH R EL AR A, T LBt S =l T RRE & g
VE RS AT SR AR MR A 1) A v iR R S 8 PR SR 45 T A
ST R B Wb BL, A2 Wk B A A K TR R
AR TR, BA LR FEE | RmH
B BE A 2 S, 7 R HE | 48 5 45 T %
Wro RS Y A Rk B FLBRSE F R =
B RE AN A R AP BE ) 7E R BRTCHLES F
4R B TR HLTE Y 5 7 OR B

AT A B - e AR B S S R OU R,
FELRFEATAE L e IR, PRI, AR S BE A P 1 57
3 IR I 2 T T VR e R AR R AR B A
TSR AT R R A kRO A
PR BRSPS R L B 45 4 R RE 1A 2% D) A
R I SRR - RN SRR AT o — 20
SEXTES RO E . BAR A AT S R B T
B B DD RE B B K R A ST IESE B R Z3T/NE &
KRR FEAFE K HA R RS A6 25 9 A= M e, T il EITRL
FiH 45 ARG A= e g F 5 I e DR G Bt
ARG AR B AW YR AR E 45 R
FEFFIE S0 3 K% e AR 2 5% B v A &L LL AT A 4
SR Bl A L R Ak AR X B A X6 s v i e M AR
B A5 FEUR T AR5 5% B S5 E Y TS G

i

ASIAEEY ) BREIR SRR K, T LU A R
PR E JURL 1k SRR R B IR AR R A 5K
AR WA S SR SRS AT A 9 i ol A R v £
SRR Ty, Rt VR e, (A AR S A
YA R 8 T DS R AT AT I

ARSCLAT A T AL 3 Rl SRS AS AT A RORL
IS 2% A e, A T RS R R, 3 e 4
HL4% (SEM) fH BT 41 /G5 ( FTIR ) 254 AR X 4=
Y 5 R R 5 2 T T SR R AT A A T R AR ST
TR W 6 29 o3 2 R TR 45 0 A B A 78 24 4 140075
SRT , L5 A R S ORI 550 45 AT A A 2R S5 A%
FEA= Wy ¢ 14 W B PE i RAIL

1 #R5FE

1.1 &EYxsl&E

250 L BRI TR FF RT3 S8 L5 AL Bt
FARAF, MRBGRG, ZERAR RS K2
FFE AR, IR A K B 25 SRR T 2% B, e T 442
AT 75°C 2% 30 min, 105°C T4 24 h, By 2 K ¥
AINF 2 em, KEFEFFRE AT B RS2, AR T 4R
L5 BT T vl o ek IR AU AR A ek AR
Frih i) % 2 Bar e S50 B HERER
(20°C) By, 4 100 H i, 2% £ - A7, 7 Al L AU
A FREFEAE Y 543 WHEAE FBC TBC A1 QBC,
1.2 HEYRERREFIBLERUE

fifi 11 SUS220 AU 4 i F WA Be ( H AR H S
)l Nicolet iS10 HIf# L 25 e 2T SNG4 (95 [F
FEERCATD) o BT A= e 3R 1Y SR E e AL,
BSD — PM I [t 3 i ARURIFLAR 0 M AN 20 B He 2 T AR
FLAE DA K AL ARFR 5 2B W o 5l K DL L
2.5 ¢/mL R4, R H PHSJ - 3F %4 pH 11 %E L3

pH{Eo
1.3 &¥mRRmME = E 1R B AR S
1.3.1 AWmiihng

A RIFREL 0.2.0.4.0.6.0.8.1.0 g =¥ T



388 P

b BB R

2024 4F

100 mL 2.0, iNA 50 mL KNO, &, Hdh NO,; -N
IR B e BE R 120 mg/L, BT 100 mL 2504,
AR IR R 3 K 3246 T, 7E 25°C A1 150 v/ min 544
TR 24 h, FH 0.45 pm FLARUE B uE, H UV
1800 Y EE AP RETH ( H A B HE A W) ) 7E 220 nm
F1275 nm TN E JE I T NO, -N TR B A= s
it NO; =N F I - R B 3 28 5o e

C,-C,)V
Qe=¥ (1)
C()_Cp
R, = 3 x 100% (2)
Arf QW B RE X NOS -N i - i W Bt

mg/g
Co—R BFHAS BT W) f o MR B, me/ L
C,—— M BHHis Jou -1 o e J& , mg/ L
V— WA, L
m——W B A RS BT o ¢
R,— 5%, %
A1 52 2 R RE R 3 8 3 ol A 0 0 9 3 LA
i,
1.3.2  JZ
iz BRI 1 110 38 B 0 22 AR BRUE 0k T 100 mL
B N 50 mL KNO, A , o NOJ -N %144
JrER B R 120 mg/L, BT 100 mL .08 H A
PE IR IR 55 3746 76 25°C F1 150 v/ min £, 53 51
F10.20.30.60,90 120150, 180,360,540 . 720
1 440 min J5BOFE , AR R b 3R 53 D0 e W 86 AT
B3, i 35 B RN ST ]
1.3.3  WERfHEE
i BRI B 119 385 B 0 2 AR BRUE 0 % T 100 mLL
B A 50 mL KNO, A T 100 mL 2504,
Hr NO, -N 74 JT £ v B 43 1 o 515,30 .60
120 mg/L, & T 1H IR 4R & 85 3246 v, 20 9l 7E 25 .35,
45°C T ¥R 24 h, AR 1R T i 0 S WA I A0 o
R S R
1.4 WRMEhHFERE
NO; -N ¥R HI IR B W B2 0 120 mg/ L, 4%l i
WER RN AY) B, 16 10 ~ 1 440 min P 3% 220 &
NO, -N 8 o o v i Bt ) £ 7258 A o, R v — 4
) 2E R ME g 8 ) AR R R AT A S oy
B SRR B SR ML FEA AR5 h

(0, -0,) =In, — K, (3)
t 1 i
0."K0 0. (4)

A Q—— B2 H W me/g
K, ——WE— 2 iR 5 40, min ™!

K, ——1E = 200 FfF 3 3 5 45, min ™!
1.5 ZFHiRWRMHHKLE
NO; -N ¥ aR BT 7351 515 .30 .60
120 mg/L, #% I fe 3 5 VS A= ) #¢ , R ] Langmuir
BRI Freundlich AR PEFT LA Ao, A4
WFTRH

o

e 1 CC

0.7K.0. 0. ©
InC
ane=Te+anF (6)
A K,—5 W A i BEA B Langmuir 5 %Y
T%L'ﬁ,L/mg
Q. Langmuir A5 8 H i B 75 P 7 R 28
AR B R IR FfE i mg/g
n Freundlich ¥ BEFE 4L, ¢/ L
K, Freundlich # %4, mg/g

1.6 # =0 pHR I

FEWE B R R B AR A ] AT RS AR B A
HfE AG JG78 AH 728 AS 1222 50281k
AT RAHEI A 7 B R /NVRE R AR 3 R AR
W AN TR B NOS -N s B vh, AG T e A [) i 32
T InK {ERA5, AH F1 AS 38 12t A [a] 35 3 s -2 2%
PEALESRAS  AH FIAS 355 2 AR

K=0./C, (7)
AG = — RTInK (8)
InK = AS/R - AH/(RT) (9)

X K——F e b =5k, L g
R—SRH %, B 8. 314 ]/ (mol - K)
T—H IR E K

1.7 HIESH

i FH Microsoft Excel 2010 Ab 5 85 A1l 151, %

JH SPSS 19. 0 847 5L 3 ANOVA 1 25 1434

(P <0.05) FIAHEHES T, KA Origin 2021 FX{4%F

W 56 20 3 2 N B 25 TR AR A T

2 HBRESH

2.1 RERFHEWREBLER

3 PR SEFEFT KA e B PR R AR 1 R, 3
FIFGFFLF 4l R FR BT 2 % 8, il 1 R EIABURS
FREFER MR T 2 i A 3 i TR AR A, 3
s Ao e Ak e 250 EL A B R 1 L 3R TR AR, QBC Fi
FFAEY) e b 2R T AR B K, Hek i TBC il FBC; FBC
LT K, FBC fLAR /N, BA AL A5 1453 FhE )
R, FBC /9 pH {H =, QBC Il TBC 75 FF
HEYIRIRZ (£ 1),



Moicite 25 . RSERAT AW e Wi R 1t - SR AH A SR RE S LR 52 389

ERE
F1 REHEFNEYREBAMER
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Fig.4 Comparison of SEM images between raw and adsorbed biochar
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Fig.6 Isothermal fitting curves of nitrate nitrogen adsorption by biochar
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Tab.4 Thermodynamic parameters of adsorption of nitrate nitrogen by three biochar types
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Fig.7 Potential mechanism of nitrate nitrogen adsorption

by solanaceous vegetable straw-derived biochar
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