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Adsorption characteristics and mechanism of modified tobacco powder biomass adsorbent for NO; in water
KANG Si—jun', YANG Jin—hui", YANG Bin*, XIE Shui-bo', WANG Jin-song', LI Chuan—shu'

(1.School of Civil Engineering, University of South China, Hengyang 421001, China; 2.Nuclear Sanli Technology Co., Ltd., University of
South China, Hengyang 421001, China)

Abstract: To explore the mechanism of adsorption of NO3 by modified tobacco powder hiomass adsorbent (MTPBA ) in water, scrap tobacco
(tobacco powder) was used as the raw material to obtain MTPBA with the pyridine—catalyzed method. The characterization of MTPBA by
X-ray diffraction(XRD), scanning electron microscopy (SEM ), energy dispersive spectroscopy (EDS), and Fourier—transform infrared spec-
troscopy (FTIR) were used to investigate the mechanism of MTPBA adsorption. The static adsorption test method was used to explore the
characteristics of NOj adsorption by MTPBA. The results showed the adsorption effect of NO3 in water was greatest when the initial concen-
tration of NO3 was 30 mg- L', the dosage of MTPBA was 4.0 g+ L', the pH value was 6.68, and the adsorption time was 30 min. The adsorp-
tion process is well fitted to the pseudo—second order kinetic model (R*>0.99). The experimental data fit well with the Langmuir and
Freundlich isothermal models (R*>0.92). The Langmuir fitting results show that MTPBA had a higher adsorption capacity for NO; in water
(Q...=28.458 mg-¢™") than that of modified montmorillonite and biochar; this indicates that MTPBA has better adsorption properties than
that of modified montmorillonite and biochar. The adsorption mechanism of NOj is mainly based on electrostatic and ion exchange adsorp-
tion with tertiary amine groups,and the physical adsorption of porous structural materials.
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Figure 1 XRD patterns of TPBA and MTPBA
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Figure 2 Effect of MTPBA amount on NO3 adsorption
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Figure 4 Effect of initial concentration on NOj adsorption
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Figure 5 Adsorption isotherms at different temperatures
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FEEATL A ] 4 )= D PR 5 AR Bl W WO 5 2922 em™ 2 CH3—CO— JE 1A A i
2.8 MTPBA g M NOSBI /G 3 B S5 M REIE > #7
& 7 >k MTPBA W& [ff NOsTT i B9 SEM K114 . i & N (o) W BT

7(a) AT UL, MTPBA WS Bff NOSZ 1T 22 A KL Fr )2 454
P J2 Z (B A7 AE— 2 (B, T A7 A5 KA A /NLIR , R

— Ay AN O
EHE AN T MTPBA [ FLER A, 5% S 2 Y45 507 al
Xt EEIEL 7 Ca) FTET 7 () BT, W B NORJ= MTPBA K 1
MR R RT3, R TR LR M J2 =22 ) 2 B BT 14 N O
U , B MTPBA % NOs HAT B AR BREOR o 2 4 6 % 10 1
figit/keV
N
0 (b) W B F
(a) W2 B TIT (b) WK = 0TS 4 3 3 16 = 1'2 '
7 MTPBA BRHf NOSBT /S 9 SEM B AEft/keV
Figure 7 SEM images of MTPBA before and after 8 MTPBA R B a0 W Bt NO/E Y EDS B3
adsorption of NOj Figure 8 EDS spectra of MTPBA before and after adsorption
®2 W AFRESH
Table 2 Kinetic parameters of NO3 adsorption on MTPBA
WE—2 8l 124 In(g.—q.) =Ing.~ kit WE sl Sy 1/g=1kaq. +tl g TWURLN Y BB RY g =k t""+C
Comg-L" Geww/mg-g’
k qe.cal R k> e.cal R, c Feair R

2 0.483 0.215 0.279 0.979 2.441 0.489 0.999 0.199 0.082 0.912

10 2.415 0.239 1.618 0.964 0.499 2.446 0.999 0.996 0.413 0.913

20 4.831 0.269 3.938 0.940 0.250 4.897 0.999 2.001 0.824 0.903

30 7.251 0.260 5.564 0.940 0.167 7.349 0.999 3.030 1.230 0.898

TE = o P BRIET B0 B k5 .o, A9 SEB 07 2 5 g 407 T £ R B k5 A 200 R RS 5 e A 200 O3 25 285 5 e 0B Rk 3 5
B koY HOE AR TLG €O IR Z I8 2



BEDUAE , 5 SO ARAC A 0 B0 %7K N O 9 R 5 L3 2019

iR S W i 5 1635 em ™ &k & C=N FE A 1 1 45 4% 5
W AU 5 1460 em ™ A o RS S Xof o7 A Joit 2R 55 4 v 5
I RFAEYR 511 5 1304 em™ 40 (A 50 W UG, SR 51 AR
e S5 A A FE IR A0 5 620 e b S 5 1A B SR L AR B
W i

Xif FE e b Al UL, W R NOSJS , B3 AUE ] V&R
BEFEX B AS , R -OH JRUMEE A Sl hy 282
W BRESE o EL W B AT I B 208 6T AR AL AS K, 26 B
MTPBA W[t NOsJ& H 5 45 ¥ IF K & A4 sl A, 7
3438 em™ &b PR RY A9 F% B A FE , UL B MTPBA I
TR RE S NOSEE T B a5k, 7 1460 em™
A B W i e 3 5, U B DS B A AT RE S NOS R AE Tk
FN o FE 1314 em™ 4b H B 5 B 36 K ()3 1, 130 B A
e BT 5 NOSAT g & A T iR BN S . 7E 593 em™
A H BRI 5 2 o AU Y (9 S B, 156 B MTPBA HR 5] A
FE e NOST RE R AR T B A S W

3438

3500 3000 2500 2000 1500 1000 500
Pk /em™

B 9 MTPBA W Bft NO:HI/FHY FTIR
Figure 9 FTIR spectra for MTPBA before and after
adsorption of NO;3

3 it

(1) Ze S PEAB 1 15 21 9 MTPBA 2 1] Zeta HL (37
IEHAL, BB AR Fn & e , 4 T MTPBA
S 7K o NOSF W2

(2) #5245 W o 552 36 0 5 26 B MTPBA $¢iin it %
Y0 pH {45 K 2 X MTPBA W FfF NO B 5 1 2 K 5 W B
Bl 1A IF 5 F B W oo e o A D ) T W
30 min PN IA R i K B 45 5 119 98.67 % o

(3) ¥ LB s S G 45 R 5 Langmuir 53R
BRI B A g, 4R MTPBA Xt NO 18 J5c K I
Que=28.46 mg-g ', LT RCMESE A FA ) 1%

(4) A S A AL A 25 SR R W MTPBA X NO3 Y W
B IL P 5= 2 2 5 e 35 AT %) e e R B, LA B 55 MTP-
BA H e Ik 1) 8 5 J8 W ff

SE 3k

[1] Sehaqui H, Mautner A, Perez d L. U, et al. Cationic cellulose nanofibers
from waste pulp residues and their nitrate, fluoride, sulphate and phos-
phate adsorption properties[J]. Carbohydrate Polymers, 2016, 135(2) :
334-340.

[2] Kim J, Hwang M J, Lee S ], et al. Efficient recovery of nitrate and phos-
phate from wastewater by an amine—grafted adsorbent for cyanobacteri-
al biomass production[J]. Bioresour Technol, 2016, 205(4) :269-273.

B1E oK, BININ, ZBIG K, 55 . A 00 e X PR L W 6T — e 2 i 25 AU
RERISZMAL]. Al FREERL£2£ 4R, 2016, 35(1) : 115-121.

WANG Bing, ZHAO Shan-shan, QIN Zhi-jia, et al. Effect of biochar
on adsorption—desorption characteristics of nitrate nitrogen in black soil
[J]. Journal of Agro—Environment Science, 2016, 35(1) : 115-121.

[41°F  #.24  U A, SF L AR BT AR A L2

L a8 SRR ] A FRBER 241, 2017, 36(12) : 2521
2526.
PING Wei, LI Bo, DONG Jian—feng, et al. Optimization of preparation
technology for biomass—modified adsorption material and its adsorption
properties for ammonia nitrogen[J|. Journal of Agro—Environment Sci-
ence, 2017, 36(12) :2521-2526.

(51 Bk &5 il 20 A 90y Jo 8 1 S8 J5 T A il B L 28 R W 1 BE AV
FED]. s BB LR, 2014,

CHEN Zhuo. Preparation of improved biomass ion exchange fiber and
its adsorption properties of nitrate nitrogen[D]. Wuhan : Wuhan Univer-
sity of Technology, 2014.

(6] SCRFI, REPCAS, 45 HE. 45 SICHEACERS AT X R AR 119 ) 25 082 B K%
JEERFTI]. PRI AL, 2013, 32(9) : 1668-1673.

MO Wei-ming, TANG Qing—song, LI Wang, et al. Dynamic adsorption
and desorption of nitrate by modified cassava stalks[J]. Environmental
Chemistry, 2013, 32(9) : 1668—1673.

(7)VF M. BH RS 2R A Wy T R O 590 ) O i B G 2 B K b B 28 1 92
AESAHEAFIED]. B« AR RS, 2014,

XU Xing. Preparation of cationic biomass adsorbent and its removal of
water in the anion efficiency and regeneration|[D]. Jinan : Shandong Uni-
versity, 2014.

(8] R T, TEREM. S ERSR, &5 . MRS SR IR S oL 9], Al 5
AR, 2012, 32(8):22, 28.

TANG Tian-kuan, WANG Yi-xiang, PENG Qiu—qiang, et al. Overview
of tobacco waste utilization research[J]. Agriculture and Technology,
2012, 32(8):22, 28.
[9] Kalaruban M, Loganathan P, Shim W G, et al. Enhanced removal of ni-
trate from water using amine—grafted agricultural wastes|J]. Science of
the Total Environment, 2016, 565(9) :503-510.
[10] BRARIR, 5 05, BRRER, 55 . KAV S HT RO AE AR Fe 0 Gk Y
WP REL)). A0l PR 4R] 2016, 35(11) :2224-2230.
CHEN Chun-qiang, WU Juan, WU Xin-hui, et al. Preparation and ad-
sorption performance of peanut shells based adsorbent by potassium
hydroxide—assisted hydrothermal method[J]. Journal of Agro—Environ-
ment Science, 2016, 35(11) :2224-2230

[11] Mishra P C, Islam M, Patel R K. Removal of nitrate-nitrogen from



2020

YRIEINC RS Y F3755 98

aqueous medium by adsorbents derived from pomegranate rind[J]. De-
salination & Water Treatment, 2014, 52(28/29/30) : 5673-5680.

[12] Hamzah F 1, Khalid K, Hanafiah M A K M. Adsorption of Ni( Il ) onto
chemically modified spent grated coconut (cocos nucifera)[C]/Materi-
als Science and Engineering Conference Series. Materials Science and
Engineering Conference Series, 2017.

[13] E 5%, Bk, e, 5 Al a8 ARk & ekt
Al CIV ) 1 W B2 RE (D], R AT (e J 22 41, 2016, 26(6) : 1264~
1271.

WANG Liang, XIE Shui—-bo, YANG Jin—hui, et al. Adsorption of ura-
nium ( V') by graphene oxide/silica composite[J]. Chinese Journal of
Nonferrous Metals, 2016, 26(6) : 1264—1271.

[14] The &, Hi i, B, 45 . R A 7 2R ML ] 5 K X il R
R B SRR IR, 2017, 36(6) :28-31.

MA Xiao—fei, LU Miao—miao, TANG Xiang—yang, et al. Preparation of
reactor supported polypyrrole and its adsorption on nitrate[J]. Progress
Research, 2017, 36(6) : 28-31.

[15] ZEBrR2s . WOk AR 1 e W R AR I kAN BE IR ER AT FE D], b5t bl
Bl2£BE, 2012.

LI Ji—hui. Modified biochar adsorption of nitrate and phosphate[D].
Beijing: Chinese Academy of Agricultural Sciences, 2012.

[16] Hu Q, Chen N, Feng C, et al. Nitrate removal from aqueous solution
using granular chitosan—Fe (Il )=AI( Il ) complex: Kinetic, isotherm
and regeneration studies|J]. Journal of the Taiwan Institute of Chemi-
cal Engineers, 2016, 63(6) :216-225.

[17] BREERA, A, X 47, 45 . DR AAUBORL TS YR M B4l (VD) i R0 5
HLERLIL T A 0 241, 2014, 24(9) :2418-2425.

CHEN Hua-bo, XIE Shui-bo, LIU Jin-xiang, et al. Characteristics

and mechanism of anaerobic granular sludge adsorbing uranium ( VI )

[J]. Chinese Journal of Nonferrous Metals, 2014, 24(9) : 2418-2425.
[18] Xue L H, Gao B, Wan Y S, et al. High efficiency and selectivity of Mg-

Fe—~LDH modified wheat—straw biochar in the removal of nitrate from
aqueous solutions[]]. Journal of the Taiwan Institute of Chemical Engi-
neers, 2016, 63(6) :312-317.

[19] Jl 555 . 20X Bk rh BB o0 1 I B BE DT D], Kb - 1R
K2, 2013.

ZHOU Jing=jing. Study on adsorption of Pb, Zn, Cd in wastewater by
tea leaves[D]. Changsha: Hunan University, 2013.

[20] Chen L, Chen X L, Zhou C H, et al. Environmental—friendly montmo-
rillonite=biochar composites: Facile production and tunable adsorp-
tion-release of ammonium and phosphate[J]. Journal of Cleaner Pro-
duction, 2017, 156(10) : 648-659.

[21] Golie W M, Upadhyayula S. Continuous fixed—bed column study for
the removal of nitrate from water using chitosan/alumina composite[J].
Journal of Water Process Engineering, 2016, 12(8) : 58—65.

[22] Yang J, Li H, Zhang D, et al. Limited role of biochars in nitrogen fixa-
tion through nitrate adsorption[J]. Science of the Total Environment,
2017, 592(8) : 758-765.

[23] Mazarji M, Aminzadeh B, Baghdadi M, et al. Removal of nitrate from
aqueous solution using modified granular activated carbon[J]. Journal
of Molecular Liquids, 2017, 233(5) :139-148.

[24] Wang X, Xia L. S, Tan K X, et al. Studies on adsorption of uranium
(V) from aqueous solution by wheat straw[J]. Environmental Progress
& Sustainable Energy, 2012, 31(4) :566-576.

[25] WAL, B 50, X I, S R CIRLT YRR M W B AL R 7N
il 10 0 B R R I BREBIL ). 5 B ORL2A 41, 2015, 32(1) : 268~
275.

XIE Shui=bo, LUO Jing-yang, LIU Qing, et al. The adsorption proper-
ties and adsorption mechanism of hexavalent uranium on hydroxyethyl-
cellulose/sodium alginate composite membrane[J]. Chinese Journal of

Composite Materials, 2015, 32(1) :268-275.



