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Research progress on the adsorption of graphene-based

materials to organic pollutants in water
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Technology of Chemical Indusiry,Research Center of Functional Materials ,School of Material and Chemical
Engineering, Kaifeng University , Kaifeng 475004 , China)

Abstract: The treatment of organic pollutants in the water environment has been a research hotspot in recent years.
Due to the unique structure and performance , graphene-based materials have the potential to become highly efficient
adsorbents in the field of water pollution control. The types of graphene-based materials, the adsorption mechanism of
different types of graphene,and the application prospect of graphene-based materials as adsorbents in the treatment
on organic dyes, antibiotic and other organic pollutants were expounded. And the recovery and regeneration perfor-
mance of graphene-based materials were analyzed. Finally,the current problems of graphene-based materials in the
treatment of organic pollutants in water were analyzed ,and the future research directions were also prospected.
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Fig. 1  The structures of graphene-based
material ;: (a) Graphene; (b)GO; (¢)rGO
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Fig.2 The main mechanism of organic

pollutants adsorption on GO
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Fig. 3 Structural formulas of common organic pollutants :
(a)organic dyes; (b)antibiotics; (¢)other organics
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Table 1

The adsorption of typical graphene-based materials on organic dyes in water
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Table 2 The adsorption of typical graphene-based materials on antibiotic pollutants in water
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Table 3 The adsorption of typical graphene-based materials on other organic pollutants in water

AR W 8t Jo R (mg-g ™) W B AL e PG
Fe;0/GO XL A(BPA) 72.8 - M EAEH (52)
VU M R RREE 1 M S e

(MAlj_GBM) BPA 324 U - FHEAEH (53)
WM R A A B s BPA 4—n-T- 2} 48.74 .63.96 - HEH (54)
NaHS0yrGO SHEEME (S-1GA) PUIR XL A(TBBPA) 128.37 - MEAEH (55)

A DRI i 288/ A B M — 5 P e GO b HEL I A 5 — S e
(ZIF-8/G0) —R A 240 AP E T (56)
32@%?5@2@%%* L= Semy AR —my 12 Wy XA 90.66.22.67 gk (57)

o 7 AR HIR —HIlE (DMP) AF2E - HIfR -7 EDA(HL bR —2Z (k)
EUR-EIIRBC) R N ey 456531782543 T A (38)
Fe0,/f1 8804 (FGN) 2,4-ZFREIL IR 3231 - AEAER , # s (59)
AlOOH@rGO Fky 118.7 S L RE AR T B MR RS e R (60)
rGO@Ag b Sas 827 RN - MAEAEF (61)
MnFe,0,~rGO FH 39 FrEAH EAER B 3C i, 2 20 (62)
R 13 1GO (rGO-BC) BA[4 T T ( Atrazine ) 67.55 - FEAEH [63)
rGO@Ag ZRR AR LK L) 1534 - MEAEH (64)

Jun WANG SFOBFSY T A fb A 2805 (GO) b2~
R JFEA BRI (CRG) MR KA 7 A 38 4 (ARG ) XK
ZEM 1 -ZR M R BIHE T , BF SR R | 3 i B 500 XoF
1-Z5 M 1 W R AR 355 T 2% | LA S 38 0 v e o
AEJITE SR —SE | SR AK X 1-Z8 0 i s ff 3=
AR T - M EAEH R 1-Z88 3 5 0 B
R 2 ERHRTFALEZ I n—m EDA M EAEH ; 5341

WA B K TR T B R B K M 2R
M. T. RAAD ZFCMF5E T A S5 99K B (GNSs) % 7K
VA VR T R R HE R I R R 2 B GNSs X 2R AT
REEF IR RIL ARG AW B R, TR BRFARICR Lk
YK (CNT) B4 BT GNSs MY Fb R mAUK H K42
o, i GNSs RIAT S8 R BRR IR 2R H
HAE GNSs 1Y A R = 2R HS GNSs 1Y r—mr



T 5 &5

TolbsK AL B 2021-10,41(10)

AHE A P LA B GNSs 2R THI 4 54 [ DX I3l ) 9 93 R0CR:
PRAE , AR BB PR 73R/ 2520 GNSs
(I B RE

3 AEHBEMANENEEE

W2 BRF 350 Py T S P 1) P 2 AR AR 28 1 A 1Y) B 3
&, w5 A TR vk A AU 12 (AN 4y 15
S5y A2E DT (AN R R AR ) AR — R
W B, A BRI b R B 5 22 W R BRI Tk
AR, HAT, WIS 2 0 R A BRI A
B, REATLESMINGE S N 35 KA T 2 B ok
3 3 AT R IR B R Aot e R A P A | 45
Tl A G A5, 38k FTiO, SRR
FHE A WA SRR nE e AR A HLis G
I B FTY GO-TiO, AT LAAR 25 5 Mt ik 45 A1k
HEG R A s ind SO AR AR | HFAE B GO-Tio, 13
SRXVE W A BILTS G B AR (R W B e T 0%

V. GANESAN S5 F FAF T LA 1Y) GO 40K
2 ) A 55 L M B T — % -7 9K S5 Fey0,@
GO Yk, HeroE T HXIPHE F4ULk(MB Al RhB)
KBTIk (MO) B ERE, 45138 7E 303 K
SRR, A AR BRI 3 A Al i R R B
4394 131.10 ,34.50 ,39.95 mg/g, 1M B35 4
BRI A R Ay BT i gk 2 Il
JEA A R FRCR ) Bl 4 B8 T Fe,0,@G0
YK A EXT RhB F1 MB. ) W Bt ik 72 e 38 3k i 43 25
USRI ISR T 4% ) Fe,0,@GO EA #km
PRIk P LAAR 25 ) 1 3 3 i 7 5 DRORE A I B B
S, AT BE G0, 1 R K A BR AR g — kTG e

Dongxue WANG 55l 5 1 1k p-FARIRE -4
1A B 9K B2 A AR (Fe,048-CD/GO) , FKs HH
TR EBR K fLAE SR S5 R %M R A BT
B W BRERE T, FE IR BE R 45 °C pH A 7 B Fe R B
R 990.10 mg/g, 5 MEG WA AT RE R
TE 80% ; PEFMEH 3 YR XYLk 22 BRZn] ik 98%
SRR A B & TR A A AR SN NG
PIFEH R ARZE ) DOKAR T 42 ik B (8, AR 5
SIS A5 Gy AT L3 ik A7 oA g e AN e A e A
PR [ SR T 250198 T W R RAS

A. AZIZ1 SFOI 88 T 425 R B A b
B (GO-A) , FEREGE T HXT K R 2K FARXT

N D) i FHGH0H/H0 i e HES
C/ ) i ek WA E
H y HE

H i Lo RN AT

B4 Fe0,@ GO 3T RhB #1 MB HY
W2 Bt 2 178 3k A 4 8 ] W ) P it R o)

Fig. 4 The adsorption process for RhB and MB using Fe;0,@G0
and recovery of the Fe;0,@G0 by magnetic separation’”
A7 Z IR B RE A5 R R T B 2o 2 52 W
A1) pH IR BT B 25 LR (2 MW, S pH Ry 4 15
W2 o 5 K 5 I A R BRI e 5 ) 388, WO o 3 K
PEIME HZE R & 7 RIEIR G GO-A [R5
JEAR T TR IESE T H R AFAHAERE T iZ 5T 18
¥ GO Il GO-A MY FA SIS AT T i, BRI
TEFTA HA TR S50 GO-A XF 15 YL WY EBR AL
REETF GO, S 5 1M GO-A fLIEEL GO ZK
10 1%, 38800 7SRNG A S T = 1T i
P 55— R AT R GO-A TSR REHTAI
KR GO B Wit T m—m M EAEH , T2

W Bt i 1 1 ik

4 BHERREE

A0 SRR PR — SR A W I MR
HRRAEA BT, 77K AL BE A (4 W FHE A ™
R W A RE LA AN B o A S Rt i) LA i
- YERAEH AR AR B b oy 0 I
SEAE IR K Z M LTS Qe it A T, HRZ 4L
A SR IEIRHE 2 Z2 RS T3 R A AR i
SRR T RE T, DR /K A BRATUEAT 4 LR
I HITE T

XM A SRR AR T A A R DL
HAT L 1 A BE S AR AR AP A I A4
s IEBOS T RSFRIBFE R . (HR, HATC T A2
IR T oK R A BT G i TS R 22 i
AATESE ZE TR B, FLIE N HIAESE R Tolk sl A=
T KAL BETT TR FERAR S IL , SEBn )i i e v
i B R AR A i RRUENE TR



Tl KAREE 2021-10,41(10)

HRIE BT, % . B 2 i 25 4R Xt A b A AL YT e A o B BT 5 R

XI5 Y R B R | R BRI AR RIS 22 R
E AN 15 G BRIl B 2%, A B 2Z (8] i 23 i
AR W T 5 R B P Rl I BT A R 1 e

JEEEI ISR TE AT SR AGIER R BT LTS e )
AURLER, B Z2hi5 e Dy iy s B IR B R IR B
fiE; TRABITEAT SRR B K AL PR 1 [ i
AR BT R A A N ITTREAR LA | HE Bl 1 s
FERRHE S PRI KA B P ]

S5 30k

[1] ISMAIL M,AKHTAR K,KHAN M I, et al. Pollution, toxicity and ca-
reinogenicity of organic dyes and their catalytic bio-remediation [J].
Current Pharmaceutical Design,2019,25(34) :3645-3663.

[2] GAO Yuan,LI Yan,ZHANG Liang, et al. Adsorption and removal of
tetracycline antibiotics from aqueous solution by Graphene oxide[J].
Journal of Colloid and Interface Science,2012,368( 1) :540-546.

[3] MOHAMMAD T,BEHNEJADA R H,MOUHIADDINE E J. Equilib-
rium and kinetic studies for the adsorption of benzene and toluene by
graphene nanosheets: A comparison with carbon nanotubes [J]. Sur-
face and Interface Analysis,2016,48(3):117-125.

[4] CHOWDHURY I,DUCH M C,MANSUKHANI N D, et al. Colloidal

[

properties and stability of graphene oxide nanomaterials in the aqua-
tic environment [J]. Environmental Science & Technology,2013,47
(12):6288-6296.

[5] YU Jingang, YU Linyan, YANG Hua,et al. Graphene nanosheets as
novel adsorbents in adsorption, preconcentration and removal of ga-
ses, organic compounds and metal ions[J]. Science of The Total En-
vironment, 2015,502.70-79.

[6] THAKUR K,KANDASUBRAMANIAN B. Graphene and graphene ox-
ide-based composites for removal of organic pollutants: A review[J].
Journal of Chemical & Engineering Data,2019,64(3) :833-867.

[7] KONICKI W,ALEKSANDRZAK M,MOSZYNSKI D, et al. Adsorp-

[

tion of anionic Azo-Dyes from aqueous solutions onto graphene oxi-
de : Equilibrium, kinetic and thermodynamic studies [J]. Journal of
Colloid and Interface Science,2017,496:188-200.

[8] CHEN Hao,GAO Bin, LI Hui. Removal of sulfamethoxazole and ci-
profloxacin from aqueous solutions by graphene oxide[J]. Journal of
Hazardous Materials,2015,282.201-207.

[9] RAMESHA G K,KUMARA A V,MURALIDHARA H B, et al. Gra-
phene and graphene oxide as effective adsorbents toward anionic and
cationic dyes[J]. Journal of Colloid & Interface Science,2011,361
(1):270-277.

[10] CHEN Xiaoxiao, CHEN Baoliang. Macroscopic and spectroscopic
investigations of the adsorption of nitroaromatic compounds on gra-
phene oxide,reduced graphene oxide,and grapheme nanosheets[J].
Environ. Sci. Technol.,2015,49(10) :6181-6189.

[11] WANG Jun,DUAN Xiaoguang, DONG Qi, et al. Facile synthesis of

N-doped 3D graphene aerogel and its excellent performance in ca-

talytic degradation of antibiotic contaminants in water [J]. Carbon,
2019,144.781-790.

[12] LUO Jing,LAI Jianping,ZHANG Nan,et al. Tannic acid induced
self-assembly of three-dimensional graphene with good adsorption
and antibacterial properties[J]. ACS Sustainable Chemistry Engin-
eering,2015,4(3):1404-1413.

[13] SHI Yacheng, WANG Aijun, WU Xilin, et al. Green-assembly of th-
ree-dimensional porous graphene hydrogels for efficient removal of
organic dyes [J]. Journal of Colloid & Interface Science,2016,484.
254-262.

[14] WANG Meiling, HAN Fangming. Self-assembled 3D hierarchical na-
nostructure of reduced GO nanosheets intercalated with CDs for hi-
ghrate supercapacitor electrodes [J]. Journal of Alloys & Compou-
nds,2017,727.991-997.

[15] REN Ruipeng,LI Wei,LV Yongkang. A robust,superhydrophobic
graphene aerogel as a recyclable sorbent for oils and organic solve-
nts at various temperatures[J]. Journal of Colloid & Interface Sci-
ence,2017,500;63-68.

[16] GEORGAKILAS V,0TYEPKA M,BOURLINOS A B,et al. Func-
tionalization of graphene:Covalent and non-covalent approaches,
derivatives and applications[J]. Chemical Reviews,2012,112(11);
6156-6214.

[17] SHEN Yi,CHEN Baoliang. Sulfonated graphene nanosheets as a su-
perb adsorbent for various environmental pollutants in water[J]. En-
vironmental Science & Technology,2015,49(12).7364-7372.

[18] WANG Jiahong, LIU Ruihua, YIN Xiaolong. Adsorptive removal of
tetracycline on graphene oxide loaded with titanium dioxide compo-
sites and photocatalytic regeneration of the adsorbents[J]. Journal
of Chemical Engineering Data,2018,63 :409-416.

[19] ik KA PLE YR AR R TE G T M B it [ 1].
T E B 4, 2014(30) . 71-72.

[20] #htm, T & XL, 55, f 880i M AT G MR K Hhof L Al
HEA R METIE[T]. BT, 2015,35(11) :32-36.

[21] ROBATID,MIRZA B,RAJABIM et al. Removal of hazardous dyes—
BR12 and methyl orange using graphene oxide as an adsorbent from
aqueous phase[J ]. Chemical Engineering Journal ,2016,284.687-
697.

[22] RAMESHA G K,KUMARA A V,MURALIDHARA H B, et al. Gra-
phene and graphene oxide as effective adsorbents toward anionic and
cationic dyes[J]. Journal of Colloid and Interface Science,2011,
361(1):270-277.

[23] YAO Tian, QIAO Liangzhi, DU Kaifeng. High tough and highly po-
rous graphene/carbon nanotubes hybrid beads enhanced by carbon-
ized polyacrylonitrile for efficient dyes adsorption[]J]. Microporous
and Mesoporous Materials,2019,292.109716.

[24] CUI Limei, WANG Yaoguang, HU Lihua, et al. Mechanism of Ph( 1l )
and methylene blue adsorption onto magnetic carbonate hydroxya-
patite/graphene oxide[J]. RSC Advance,2015,5(13):9759-9770.

[25] FEI Peng, WANG Qiang,ZHONG Ming, et al. Preparation and ad-



T E 50

TolbsK AL B 2021-10,41(10)

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

sorption properties of enhanced magnetic zinc ferrite-reduced gra-
phene oxide nanocomposites via a facile one pot solvothermal meth-
od[J]. Joumal of Alloys and Compounds,2016,685:411-417.
ZHUANG Yuan, YU Fei,CHEN Junhong,et al. Batch and column
adsorption of methylene blue by graphene/alginate nanocompoite ;
Comparison of single-network and double-network hydrogels [J].
Journal of Environmental Chemical Engineering,2016,4(1).147-
156.

GAN Lu,SHANG Songmin, HU Enling, et al. Konjac glucomannan/
graphene oxide hydrogel with enhanced dyes adsorption capabili-
ty for methyl blue and methyl orange [J]. Applied Surface Science,
2015,357(3) :866-872.

QI Yunchuan, YANG Meiling, XU Wenhui, et al. Natural polysacc-
harides-modified graphene oxide for adsorption of organic dyes from
aqueous solutions[ J]. Journal of Colloid and Interface Science, 2017,
486:84-96.

DAI Jian, HUANG Ting, TIAN Suqi, et al. High structure stability
and outstanding adsorption performance of graphene oxide aerogel
supported by polyvinyl alcohol for waste water treatment[ ] ]. Mate-
rials & Design,2016,107:187-197.

YANG Yuyan,SONG Shasha,ZHAO Zengdian. Graphene oxide(GO)/
polyacrylamide (PAM) composite hydrogels as efficient cationic dye
adsorbents[J]. Colloids and Surfaces A :Physicochemical and En-
gineering Aspects,2017,513:315-324.

ZHANG Xiaomei, YU Hongwen, YANG Hongjun, et al. Graphene
oxide caged in cellulose microbeads for removal of malachite green
dye from aqueous solution[ J . Journal of Colloid and Interface Sci-
ence,2015,437.277-282.

LIU Kunping, LI Huiming, WANG Yimin, et al. Adsorption and re-
moval of rhodamine B from aqueous solution by tannic acid functio-
nalized graphene|[J]. Colloids and Surfaces A :Physicochemical and
Engineering Aspects,2015,477(15) .35-41.

DAS T R,PATRA S,MADHURI R, et al. Bismuth oxide decorated
graphene oxide nanocomposites synthesized via sonochemical assi-
sted hydrothermal method for adsorption of cationic organic dyes[J].
Journal of Colloid and Interface Science,2018,509 . 82-93.

WU Yu, YANG Feng, LIU Xiaoxia,et al. Fabrication of N, P-codo-
ped reduced graphene oxide and its application for organic dye re-
moval[]J]. Applied Surface Science,2018,435;281-289.
HOSSEINABADI-FARAHANI Z ,HOSSEINI-MONFARED H,MA-
HMOODI N M. Graphene oxide nanosheet ; Preparation and dye re-
moval from binary system colored wastewater [J]. Desalination and
Water Treatment,2015,56(9) :2382-2394.

SALAHUDDIN N, EL-DALY H,EL SHARKAWY R G, et al. Synth-
esis and efficacy of PPy/CS/GO nanocomposites for adsorption of po-
nceau 4R dye[]J ]. Polymer,2018,146;291-303.

YAN Han, YANG Hu, LI Aimin, et al. pH—tunable surface charge of
chitosan/graphene oxide composite adsorbent for efficient removal

of multiple pollutants from water[J]. Chemical Engineering Jour-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

nal,2016,284.1397-1405.

HAO Junxing, JI Liudi, LI Caoling, et al. Rapid, efficient and eco-
nomic removal of organic dyes and heavy metals from wastewater by
zinc-induced in-situ reduction and precipitation of graphene oxi-
de[J]. Journal of the Taiwan Institute of Chemical Engineers,2018,
88:137-145.

ZHANG Qiangian, YING Guangguo, PAN Changgui, et al. Compre-
hensive evaluation of antibiotics emission and fate in the river bas-
ins of China:Source analysis, multimedia modeling, and linkage to
bacterial resistance[ J ]. Environmental Science & Technology,2015,
49(11):6772-6782.

Al Yuejie,LIU Yang, HUO Yingzhong, et al. Insights into the adso-
rption mechanism and dynamic behavior of tetracycline antibiotics
on reduced graphene oxide (RGO) and graphene oxide (GO) mate-
rials[J]. Environmental Science : Nano,2019,6(11):3336-3348.
TANG Yulin, GUO Hongguang, XIAO Lan, et al. Synthesis of redu-
ced graphene oxide/magnetite composites and investigation of their
adsorption performance of fluoroquinolone antibiotics [J]. Colloids
and Surfaces A :Physicochemical and Engineering Aspects,2013,
424 .74-80.

ZHAO Lianqin, XUE Fumin, YU Baowei, et al. TiO,—graphene spo-
nge for the removal of tetracycline[J]. Journal of Nanoparticle Re-
search,2015,17(1):1-9.

ZHUANG Yuan, YU Fei,MA Jie, et al. Facile synthesis of three-di-
mensional graphene soy protein aerogel composites for tetracycline
adsorption [ J]. Desalination and Water Treatment,2016,57 (20) ;
9510-9519.

YU Baowei,BAI Yitong, MING Zhu, et al. Adsorption behaviors of
tetracycline on magnetic graphene oxide sponge[J]. Materials Che-
mistry and Physies,2017,198.283-290.

KONG Yan,ZHUANG Yuan,HAN Kun,et al. Enhanced tetrac-
ycline adsorption using alginate—graphene-ZIF67 aerogel [ J]. Co-
lloids and Surfaces A :Physicochemical and Engineering Aspects,
2019,588.124360.

WANG Fei, YANG Baoshan, WANG Hui, et al. Removal of cipro-
floxacin from aqueous solution by a magnetic chitosan grafted gra-
phene oxide composite [J]. Journal of Molecular Liquids,2016,
222.188-194.

YU Fei,MA Jie, Bl Dongsu. Enhanced adsorptive removal of selected
pharmaceutical antibiotics from aqueous solution by activated gra-
phene [J]. Environmental Science and Pollution Research,2015,
22(6):4715-4724.

KYZAS G Z,BIKIARIS D N,SEREDYCH M, et al. Removal of dor-
zolamide from biomedical waste-waters with adsorption onto gra-
phite oxide/poly (acrylic acid) grafted chitosan nanocomposite[J].
Bioresource Technology,2014,152:399-406.

KYZAS G Z,KOLTSAKIDOU A,NANAKI S G,et al. Removal of
beta-blockers from aqueous media by adsorption onto graphene oxi-

de[J]. Science of The Total Environment,2015,537 :411-420.



TolkKAREE 2021-10,41(10)

HRIE BT, % o 1 2 i 25 41 RE Xt A b A AL YT e A o B BT 5 R

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

NAM S W,JUNG C,LI Hang,et al. Adsorption characteristics of di-
clofenac and sulfamethoxazole to graphene oxide in aqueous solu-

tion[ J]. Chemosphere,2015,136.:20-26.

JIANG Luhua,LIU Yunguo,ZENG Guangming,et al. Removal of

17B-estradiol by few-layered graphene oxide nanosheets from aqu-
eous solutions: External influence and adsorption mechanism [J].
Chemical Engineering Journal ,2016,284.93-102.

KE Ouyang,ZHU Chuanhe,ZHAO Ya, et al. Adsorption mechanism
of magnetically separable Fe;O/graphene oxide hybrids[J]. Applied
Surface Science,2015,355.562-569.

FANG Zheng,HU Yongyou, WU Xueshen, et al. A novel magnesium
ascorbyl phosphate graphene-based monolith and its superior ad-
sorption capability for bisphenol A[J]. Chemical Engineering Jour-
nal,2018,334:948-956.

JIN Zhongxiu, WANG Xiangxue, SUN Yubing,et al. Adsorption of

4-n-nonylphenol and bisphenol-A on magnetic reduced graphene
oxides: A combined experimental and theoretical studies[J]. Envi-
ronmental Science & Technology,2015,49(15):9168-9175.
ZHANG Weiwen,CHEN Junfeng, HU Yongyou,et al. Adsorption
characteristics of tetrabromobisphenol A onto sodium bisulfite redu-
ced graphene oxide aerogels[J]. Colloids and Surfaces A ; Physico-
chemical and Engineering Aspects,2018,538.781-788.

ZHOU Yang,ZHOU Lin,ZHANG Xinghua, et al. Preparation of zeo-
litic imidazolate framework—8/graphene oxide composites with enha-
nced VOCs adsorption capacity [J]. Microporous and Mesoporous
Materials,2016,225.488-493.

WANG Xuemei, LU Muxin, WANG Huan,et al. Three-dimensional
graphene aerogels-mesoporous silica frameworks for superior adsor-
ption capability of phenols[J]. Separation and Purification Techno-
logy,2015,153.7-13.

ABDUL G,ZHU Xiaoying, CHEN Baoliang. Structural characteris-
tics of biochar-graphene nanosheet composites and their adsorption
performance for phthalic acid esters[ J]. Chemical Engineering Jour-
nal,2017,319.9-20.

LIU Wei, YANG Qi,YANG Zhilin, et al. Adsorption of 2,4-D on
magnetic graphene and mechanism study[J]. Colloids and Surfaces
A ;Physicochemical and Engineering Aspects,2016,509:367-375.
SUN Renhui,ZHANG Haobin, QU Jin,et al. Supercritical carbon
dioxide fluid assisted synthesis of hierarchical AIOOH@reduc-
ed graphene oxide hybrids for efficient removal of fluoride ions[J].
Chemical Engineering Journal ,2016,292;174-182.

SEN GUPTA S,CHAKRABORTY I,MALIYEKKAL S M, et al. Si-

multaneous dehalogenation and removal of persistent halocarbon pe-

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

sticides from water using graphene nanocomposites: A case study of
lindane[J]. ACS Sustainable Chemistry & Engineering,2015,3(6):
1155-1163.

YAMAGUCHIN U,BERGAMASCO R,HAMOUDI S. Magnetic Mn—
Fe,0,—graphene hybrid composite for efficient removal of glyphosa-
te from water [J]. Chemical Engineering Joumal,2016,295.391 -
402.
ZHANG Ying,CAO Bo,ZHAO Lulu, et al. Biochar-supported redu-
ced graphene oxide composite for adsorption and coadsorption of at-
razine and lead ions[J]. Applied Surface Science,2018,427.147-
155.

KOUSHIK D,SEN G S,MALIYEKKALS M, et al. Rapid dehalogena-
tion of pesticides and organics at the interface of reduced graphe-
ne oxidesilver nanocomposite[J]. Journal of Hazardous Materials,
2016,308:192-198.

WANG Jun,CHEN Baoliang. Adsorption and coadsorption of or-
ganic pollutants and a heavy metal by graphene oxide and reduced
graphene materials[J]. Chemical Engineering Journal,2015,281 .
379-388.

RAAD M T,BEHNEJAD H,JAMAL M E. Equilibrium and kinetic
studies for the adsorption of benzene and toluene by graphene nano-
sheets: A comparison with carbon nanotubes[J]. Surface and Inter-
face Analysis, 2016,48(3):117-125.

GANESAN V,LOUIS C,DAMODARAN S P. Graphene oxide-wra-
pped magnetite nanoclusters: A recyclable functional hybrid for fast
and highly efficient removal of organic dyes from wastewater[J]. Jo-
urnal of Environmental Chemical Engineering,2018,6(2):2176-
2190.

WANG Dongxue,LIU Liangliang,JIANG Xinyu,et al. Adsorpti-
on and removal of malachite green from aqueous solution using ma-
gnetic B-cyclodextrin—graphene oxide nanocomposites as adsorbe-
nts[J]. Colloids and Surfaces A:Physicochemical and Engineering
Aspects,2015,466:166-173.

AZIZ1 A,TORABIAN A,MONIRI E, et al. Adsorption performance
of modified graphene oxide nanoparticles for the removal of toluene,
ethylbenzene, and xylenes from aqueous solution[J]. Desalination &

Water Treatment,2016,57(59) : 28806-28821.

[YEE® ] MIER(1990— ), F4 PRI, H1%.0371-23810606,

E-mail ; hao-yanwei@163.com, i iRME#H . X, 247
FL1% 037123810009, E-mail ; huihuicai303@126.com,

[KFEE] 2021-06-23 (1&EH)



