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Abstract: With the green enzyme technology, the surface of corn stover pith (CSP) was grafted with octadecylamine by laccase to
improve the hydrophilic and hydrophobic properties, which produced the efficient oil absorbent LCSP. A set of methods, like SEM,
BET, XRD, contact angle, FTIR, and XPS, were used to characterize the physicochemical properties of CSP before and after
modification in order to investigate the effects of modification temperature, time, TEMPO concentration, laccase dose, and
octadecylamine concentration on the hydrophilic and hydrophobic properties. The results showed that the maximum oil and
minimum water adsorption could be obtained after 6h modification under 35°C when the dosage of laccase, TEMPO and
octadecylamine were 100U/g, 4.48mmol/L and 8.91mmol/L, respectively. The oil adsorption capacity increased from 13.24g/g to
40.82¢g/g, and the water adsorption capacity decreased from 13.76g/g to 3.83g/g. The adsorption kinetics was best fitted by the
pseudo-second order model. Further sorbent recycling experiments showed that LCSP had a good recycling potential.
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Fig.11 XPS spectra of the surface of CSP and LCSP
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Fig.12 XPS Cls spectra of the surface of CSP and LCSP
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Fig.13 The effect of dosage of adsorbent on the oil adsorption
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Table 3 Density and viscosity of different oils

i B (g/em’) Fi % (cP)
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Fig.14 Comparison of oil absorption for different oil products
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Fig.15 The variation of CSP and LCSP adsorption capacity

with time
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Table 4 Kinetic parameters for the adsorption of CSP and
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Table 5 Comparison of oil adsorption by various cellulose—based adsorbents
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FORFEAT O BM-TEMPO— )\ JlZ A & GIRL 40.82 AW
234 WLHHRIMES R BBl e R THRAT 85.9% W B 7 5, 3X Ui W Bl -TEMPO— 1

8RN TCIK CBEEIRAR G DE B 2h, B UE T, 2
Je VAl LCSP (R B A e M. i 16 BToR AR R 3L
0Xf . | LCSP R 4f W b 25 5t fiG #44 FH 4 5 LCSP
) B R B 47 35.05g/g A HG T+ 58— V) HH it

JEAR R AL CSP BAT R4 (18 SR TR R B
AN BRI R AR VL TR R R, i
MR BRI Y BB A AR A« R TR PEA st R A ZE
BT R A% 5 A



9 JOIE £ A5 EREECSOE S ORRS AT RE I 28 S s 3819

2(5) VZALCsp [4] Carmody O, Frost R, Xi Y, et al. Adsorption of hydrocarbons on

B organo—clays——implications for oil spill remediation [J]. Journalof

45 - 4082 Colloid and Interface Science, 2007,305(1):17-24.

40 |- 38.61 36.39 36.11 35.05 [5] Karakasi O K, Moutsatsou A. Surface modification of high calcium fly
=35 7 ash for its application in oil spill clean up [J]. Fuel, 2010,89(12):
uﬂ%w g 3966-3970.
=25 [6] XU, B 2, o R SIS Rk R U e R B (] ]
B | 4T, 2019,48(4):926-931,937.

15 Yang S H, Shao G S, Lu L G Progress and prospect of common oil adsorption

10 [ materials [J]. Applied Chemical Industry, 2019,48(4):926-931,937.

5 (7] wRTCIE, s, B R L A5 R PP e 2 A 3 8 00 1) 2R 2 R Y TR ol o
0 WA A R [3]. R4 T244R, 2017,(3):516-523.
0 1 2 3 4 Wu Y P, Zhou C L, Xue S S, et al. Preparation and oil absorption of
TEIR L

Kl 16 LCSP W b4 i v 2L R A2 Ak
Fig.16  Variation of the adsorption capacity of LCSP as a

function of regeneration cycles
3 #Hig

3.1 EM-TEMPO- ) \ledk R etk CSP A 4c
20 AE VTR 35°C R, #000 4.48mmol/LTEMPO,
8.91mmol/L -+ /\i%. 100U/g ¥ [ . 6h, il 751K
THIFAR I AT B 40.82g/g, 2 JEURA BRI B ) 3.08
5 WK TR 5 4 3.83g/g ML CSP FEIK T 359%.

3.2 X} CSP K LCSP AT IR AL4>HT,SEM.
BET. XRD 73 #73& W co Ik Jo A4 kLR AR 1R A . AL
PRI 4 B B A, A R T 8 4 flk I MR B L
MH.EA. XPS. FTIR 73 #r3 B, BDks + )\ e B i A
PPRIA 4T 4 25 45 1) b AT AT 7K Pk Rede T, HLym P
FEDA 22 b4 R B BE ) 15 5% LCSP W B AL i 5 4
GUE ) g AL, U R AR T AR

3.3  AHWFFAI R -TEMPO 14 &% CSP 4T
Yr AT R SRR PR AR A BRI R, T 5 )\ e 1 e 3
R TE RAGAR A ] NS v i W 2 e CSP I
B 7K S P g, S RN gk S T K 2 O R IE,
I HLIE A B AR K 1) £ T v 0 B 58 AU, 2 A —
SE PR R JE RIS R R it 7).

SE K-

[1] Doshi B, Sillanpaa M, Kalliola S. A review of bio—based materials for
oil spill treatment [J]. Water Research, 2018,135:262-277.

[2] Alonso-Alvarez C, Perez C, Velando A. Effects of acute exposure to
heavy fuel oil from the Prestige spill on a seabird [J]. Aquatic
Toxicology, 2007,84(1):103-110.

[3] ZEmed sk thak, i KA A5 4 FhaloeHE Y A Rl PERERT ST D).
rp R, 2019,44(2):42-45.

Li X J, Zhang S L, Han F Y, et al. Oil adsorption properties of four
kinds of oil crops biomass materials [J]. China Oils and Fats, 2019,
44(2):42-45.

[9]

[10]

[11]

[12

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

magnetic and porous materials based on carboxymethyl cellulose
sodium modified polyurethane foams [J]. Acta Polymerica Sinica,
2017,(3):516-523.

Tijani M M, Agsha A, Mahinpey N. Development of oil-spill sorbent
from straw biomass waste: Experiments and modeling studies [J].
Journal of Environmental Management, 2016,171:166-176.

Bhatnagar A, Sillanpad M, Witek-Krowiak A. Agricultural waste peels
as versatile biomass for water purification — A review [J]. Chemical
Engineering Journal, 2015,270:244-271.

R YA 2 A, A5 S S OR AR FE A R £ 1 5 Al 2 i )
WER (7], FRBEREE AR, 2012,32(10):2428-2434.

Zhu CF, Zhao Y L, Zheng L C, et al. An experimental investigation of
corn stalk grafted by physico—chemical crosslinking as sorbent
materials for oil spills [J]. Acta Scientiae Circumstantiae, 2012,32(10):
2428-2434.

B A I A S, 5 NaOH  SU: FORAEFEXT A i 275 411
WRRATSE [7]. FEER HHR, 2014,37(1):28-32,42.

Luo D, Xie Y F, Tan Z L, et al. Optimization of NaOH modified corn
ctalk and its adsorption of petroleum pollutants [J]. Environmental
Science & Technology, 2014,37(1):28-32,42.

N, S R ZE P 7 DR T N S A RS AT i R AR A& A ().
rhE A Al 4], 2005,13(3):196-198.

Sun M H, Xian H J, Nan F. The industrial utilization is the essential
way to solve the problem of agricultural stalks [J]. Chinese Journal of
Eco—Agriculture, 2005,13(3):196-198.

Cao W, Wang Z, Ao H, et al. Removal of Cr(VI) by corn stalk based
anion exchanger: the extent and rate of Cr(VI) reduction as side
reaction [J]. Colloids and Surfaces A, 2018,539:424-432.

Fathi M R, Asfaram A, Farhangi A. Removal of Direct Red 23from
aqueous solution using corn stalks: isotherms, kinetics and thermodynamic
studies [J]. Spectrochim Acta Part A, 2015,135:364-372.

Peng D, Ouyang F, Liang X J, et al. Sorption of crude oil by
enzyme-modified corn stalk vs. chemically treated corn stalk [J].
Journal of Molecular Liquids, 2018,255:324-332.

Hokkanen S, Bhatnagar A, Sillanpaa M. A review on modification
methods to cellulose-based adsorbents to improve adsorption capacity
[J]. Water Ressearch, 2016,91:156-173.

Skals P B, Krabek A, Nielsen P H, et al. Environmental assessment of
enzyme assisted processing in pulp and paper industry [J]. The
International Journal of Life Cycle Assessment, 2007,13(2):124-132.
Peng D, Lan Z, Guo C, et al. Application of cellulase for the
modification of corn stalk: Leading to oil sorption [J]. Bioresource
Technology, 2013,137:414-418.

AR EZ  PFSRAE EY A5 A (0 A B AU KRS T v WO B 7R £ )
& RALVERERTS [0]. SRIEREY, 2013,34(4):1605-1610.

Lan Z L, Peng D, Guo C L, et al. Preparation and performance

investigation of trichoderma viride-modified corn stalk as sorbent materials



3820

o

i

ST
5%

B 40 45

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

(321

[33]

for oil spills [J]. Environmental Science, 2013,34(4):1605-1610.

Kudanga T, Nyanhongo G S, Guebitz G M, et al. Potential applications
of laccase—mediated coupling and grafting reactions: a review [J].
Enzyme and Microbial Technology, 2011,48(3):195-208.

Aracri E, Colom J F, Vidal T. Application of laccase—natural mediator
systems to sisal pulp: an effective approach to biobleaching or
functionalizing pulp fibres [J]. Bioresource Technology, 2009,100(23):
5911-5916.

Moldes D, Vidal T. New possibilities of kraft pulp biobleaching with
laccase and sulfonated mediators [J]. Process Biochemistry, 2011,
46(3):656-660.

Garcia-Ubasart J, Colom J F, Vila C, et al. A new procedure for the
hydrophobization of cellulose fibre using laccase and a hydrophobic
phenolic compound [J]. Bioresource Technology, 2012,112:341-344.
VE U AR AR G A LSO B[] R
JEH", 2009,32(2):51-53.

Wang T, Hao J R, Yan C J. The dry organic modified on kaolin and the
effect evalution [J]. Non-Metallic Mines, 2009,32(2):51-53.
FORE T TR RE AT 22 ThOR U 2 A
0], Brdbh 5 AHOR 23R, 2019,38(1):156-159.

Li X, Wang Y, Yao E M, et al. Optimization of the process conditions
for the degradation of the lignin in the cut stem by laccase [J]. Journal
of Food Science and Biotechnology, 2019,38(1):156-159.

MZ R, X F, 4 3,55 AR TR B2 A0 B 5 /K IR 9T (], 10
FRAE R 272 R (VAR R, 2019,50(1):128-132.

Liu Y Q, Wang X L, Li Q, et al. Study on the method of ligninolytic
enzymes disposing of oily wastewater [J]. Journal of Shandong
Agricultural University (Natural Science Edition), 2019,50(1):128-132.
Aracri E, Vidal T, Ragauskas A J. Wet strength development in sisal
cellulose fibers by effect of a laccase-TEMPO treatment [J].
Carbohydrate Polymers, 2011,84(4):1384-1390.

A, B T, ZE R AR5 TEMPO 4 A4 4% S A £F 4 b ke &7
4 [J]. ZRACARAL R 2274, 2011,39(3):96-98,105.

Yang J X, Zhang L P, Zuo S L, et al. Production of cellulose nanofibers
by TEMPO oxidation approach [J]. Journal of Northeast Forestry
University, 2011,39(3):96-98,105.

TR D B AR, T O R e K 5 A (1 ) 4 A SEAE K 43
THRIRIT [T]. BEFLRE, 2018,46(5):92-98.

Luo XM, Wei M Y, Cao M. Preparation of superhydrophobic Cu mesh
with corrosion resistance and applications in oil-water separation [J].
Journal of Materials Engineering, 2018,46(5):92-98.

Wang H, Wang E, Liu Z, et al. A novel carbon nanotubes reinforced
superhydrophobic and superoleophilic polyurethane sponge for
selective oil-water separation through a chemical fabrication [J].
Journal of Materials Chemistry A, 2015,3(1):266-273.

ERzX) A2 LA MWCNTs Sevk My # 6 K Cr(VI
BT (1], R, 2017,37(6):2179-2186.

Wang C Y, Liu L, Li C, et al. Adsorption of Cr(VI) on the
MWCNTs/attapulgite composites [J]. China Environmental Science,
2017,37(6):2179-2186.

PSRN, E ARAE NaOH  SevE g kb Cd (I i bt
[0]. HEFERIE, 2019,39(9):3824-3831.

Luo W W, XuY M, Wang N, et al. The absorption of Cd(II) on NaOH
modified fish bone meal function materials [J]. China Environmental
Science, 2019,39(9):3824-3831.

XIS, B0, 2% e, A BORRE AT R AT % 55 3R AE (D).
WA 5 Tk, 2016,36(5):37-44.

Liu X H, Cao Y F, Li Y, et al. Preparation and characterization of oil

absorbent material derived from corn stalk [J]. Chemistry and Industry

B34

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[40]

[47]

of Forest Products, 2016,36(5):37-44.

Segal L, Greely J J, Martin A E, et al. An empirical method for
estimating the degree of crystallinity of native cellulose using the X-ray
diffractometer [J]. Textile Research Journal, 1959,29(10):786-794.

Tl LR AR 2 [ A 50 SR T 2 S A TR B R Cr(VID )
W PR (9], v E PRI, 2019,39(8):3264-3270.

Wang S F, Xu W H, Liu Y G et al. Characteristics of Cr(VI) removal
by cross-linked chitosan/tartaric acid modified Pleurotus ostreatus
composite adsorbent [J]. China Environmental Science, 2019,39(8):
3264-3270.

FEB A TG T BEE (XPS) B AR AR B2 5 1 AR ST ) 3 1
[J]. &ALk, 1999,(3):17-20,29.

Du G B. Application of X-ray photoelectron spectroscopy in wood
science and technology [J]. China Wood Industry, 1999,(3):17-20,29.
Cao W, Wang Z, Zeng Q, et al. 13C NMR and XPS characterization of
anion adsorbent with quaternary ammonium groups prepared from rice
straw, corn stalk and sugarcane bagasse [J]. Applied Surface Science,
2016,389:404-410.

% PRI BN A O KA AT A B it S K AR BT
5% [J]. ARMEIREERL244R, 2018,37(2):309-315.

Peng D, Dang Z, Zheng L C. Study on oil-spilled water treated by
bio—modification of corn stalks [J]. Journal of Agro—Environment
Science, 2018,37(2):309-315.

T AR RS, EO I, 55 AL UHERT S A0S PR B 4k A L
HUER [3]. I EREERLS, 2018,38(6):2210-2222.

Wang T T, Cui Q L, Wang L L, et al. Adsorption characteristics and
mechanism of phosphate from aqueous solutions on Al modification
biochar produced from Caragana Korshinskii [J]. China
Environmental Science, 2018,38(6):2210-2222.

Li D, Zhu F Z, Li J Y, et al. Preparation and characterization of
cellulose fibers from corn straw as natural oil sorbents [J]. Industrial &
Engineering Chemistry Research, 2013,52(1):516-524.

Wahi R, Chuah L A, Choong T S'Y, et al. Oil removal from aqueous
state by natural fibrous sorbent: An overview [J]. Separation and
Purification Technology, 2013,113:51-63.

A OUIETIRM FLAE AR o R 47 2 e At
AEWTST [7]. #PEFSR, 2018,32(2):219-222,227.

Li X, Wang Z R, Yang L, et al. Synthesis and performance of magnetic
oil absorption material with rice chaff support [J]. Materials Review,
2018,32(2):219-222,227.

Asadpour R, Sapari N B, Isa M H, et al. Acetylation of corn silk and
its application for oil sorption [J]. Fibers and Polymers, 2015,16(9):
1830-1835.

Zhang Y, Zhang Y, Cao Q, et al. Novel porous oil-water separation
material with super—hydrophobicity and super-oleophilicity prepared
from beeswax, lignin, and cotton [J]. Science of the Total Environment,
2020,706:135807.

Kang L, Wang B, Zeng J, et al. Degradable dual superlyophobic
lignocellulosic fibers for high—efficiency oil/water separation [J].
Green Chemistry, 2020,22(2):504-512.

Zang D, Zhang M, Liu F, et al. Superhydrophobic/superoleophilic corn
straw fibers as effective oil sorbents for the recovery of spilled oil [J].
Journal of Chemical Technology & Biotechnology, 2016,9(9):2449-2456.
Tang M, Zhang R, Pu Y, et al. Wheat straw modified with palmitic
acid as an efficient oil spill adsorbent [J]. Fibers and Polymers, 2018,
19(5):949-955.

TEEEIN: ST F(1982-), L,V AR 25 A R0, W, R TR0 7 1)
ISR R R 21 5.



