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Abstract: Water is an indispensable source for all forms of life. Due to the deteriorating problem of water resource shortage and
pollution caused by uncontrolled and abused usage, efficient and energy-saving water treatment technique has attracted substantial
research attention. In recent years, graphene is acknowledged to be the ideal material for water treatment due to its unique two-
dimensional structure and excellent physical and chemical properties. Meanwhile, the potential application of graphene in the
waler treatment field, such as absorption and membrane filtration, has been more and more explored. The present paper reviews
the unique structures of graphene and its derivatives as well as their outstanding performance in water treatment. Then, graphene
materials are categorized from a macro dimension, based on their practical application. The preparation method for graphene
powder, one-dimensional graphene fiber, two-dimensional graphene membrane and three-dimensional graphene gel are also
summarized. Another contribution of this paper is that the current status of the practical application of multi-dimensional graphene
material in absorption, capacitive deionization, membrane filtration and microbial fuel cell are summarized in detail. In addition,
the problems and challenges encountered during the application of graphene material in water treatment are summarized and the
corresponding perspective is also provided.
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Fig. 1  The physical and chemical structures of graphene-based materials
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Table 1 Preparation methods of graphene powder
Preparation method Operation steps Characteristics Examples
Produce flocculated graphite plate by repeatedly rubbing the
Mechanical exfoliation . e p. p ’ p . y °© Simple, low-cost, unfit for large-scale
graphite surface with sticky tape, until it produces few ; [13]
method . production
layers or single layer graphene
Liquid phase exfoliat- Disperse graphite in organic solvents or water and exfoliate  Protect the structure of graphene, fit for [14]
ion method graphene by ultrasonic or ball-milling massive production
The carbon source is decomposed on the substrate of Ni or Simple . hieh-quality . | .
imple, high-quality, low-cost, less
CVD method Cu, and the carbon atoms deposit onto the substrate and tp i blg d Y [15]
controllable
form graphene
Oxidation- The graphite is oxidized by strong oxidant, stripped and . . .
. grap v & PP Simple, low cost, fit for large-scale production [16]
reduction method reduced
Epitaxial Graphene is grown on metal or non-metal substrate by High quality, fit for massive production, [17]

growth method heating

strict condition
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Fig. 2 Schematic of preparing graphene fiber by the dual-capillary
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Table 2 Preparation methods of graphene hydrogel

Preparation method Category Characteristics Examples
. High conductivity, high specific surface area, excellent mechanical stability; the
CVD Directed -
Template structure and property can be controlled by adjusting the carbon source, substrate, [42, 45]
em
P and catalyst
Template method
Organic polymer Sacrificial template can effectively improve the surface area of the hydrogel, [46]
template controllable structure
Ice template Environmental friendly and energy saving [47]
Physical Crosslinking agent and GO are crosslinked by hydrogen bonding and electrostatic (48]
crosslinking interaction, simple, weak structure
Chemical . . . .
L. Crosslinking agent and GO are combined with the chemical bond, stable structure [49]
crosslinking
Adjust pH ,
Gelation method Just b . Avoid the influence of foreign ions [50]
ultraphonic
Hydrothermal
Y . Simple, easy for metal decoration [51]
reduction
Chemical
. Mild operating conditions,not limited by temperature or equipment [52]
reduction
Substrate-casting method - Avoid agglomeration by adding substrate [53]
Self-supporting method - Avoid agglomeration by alkali activation or gas isolation, no follow-up procedure [54, 55]
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Table 3 CDI properties of graphene based materials

iti Initial i Electrosorptive
Macroscopical Surface Inma'l ' nitia 10'n Applicd ec roso'rp ive .
Electrodes ) " conductivity concentration capacity Ref.
morphology area(m* « g7') o voltage (V) 5
(S-em)  (mgeL) (mg - g")
Three-dimensional  graphene
hybrids with microporous 676.9 - ~100 1.2 9. 86 [93]
carbon spheres
3D porous graphene 3513 ~160 ~74 2 11. 86 [94]
Powder Mesoporous graphene 474 . ~75 1.2 6.38 [92]
Carbon nanotube/ graphene 391 1540 780 2 26.42 [95]
Graph : i
raphene compostie 1128 1650 - 1.8 33.52 [96]
microsphere
Mesoporous graphene
composited with Fe; 0, 362 300 - 16 10-3 [97]
Nitrogen doped
Hrogen cope 526.7 - 50 1.5 8.04 [98]
graphene sponge
TiO,/ graphene aerogel 187.6 - 500 1.2 15.1 [99]
Three-dimensional Three-dimensional reduced
sel graphene oxide-polypyrrole- 331 1000 - 2 18.4 [100]
° MnO,
Grap.hene-carbon nanotubes 498, 2 _ 500 L2 18.7 (1017
hybrid sponge
Holey graphene hydrogel 1261.7 - 5000 1.2 26.8 [102]

4.4 FEYIRRELE M

T A W R b ( microbial fuel cells, MFCs) X4 #L
) EEL NG R SRR RAFR R ERACR, [RIEHE
AT LA A F TS e h BRI, S — A A ) 2 0 AR

SR EREIREAR T HR A (3L DS A MFC,
WS PiRe T A SRR TERE , K — 0 SR
UK JREMTE MFCs fY BUBOBSRL AT $ 5 MECs f)77 He
PERE,  [RIREX 15 G i) 2 Bl du Ay BT
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Fig. 5 Fundamental configuration of microbial fuel cells with the redox potential of various electron acceptors and donors

A BRA S HA RG-S EE, K0 GO 2
AN TR B 1 TR 87 2 72 il JEL &1 v 7 H BB L v 9 56 7% e
Jio Wik, @SR REY (R R E) . &
JE AR DL K G R A S S A SR IEM R E S S, ]
PLyRAN R T R )2 i B 1 B0 S PR RE 9 R B, 7E GO
R ERBET A T LG A —S8 5K B RRIAT, Hin C = N-C,
N-C = O &5 1 nl DL op b ARG A AR 2k, TR
A BRI RI AL et ] IR KRR B 3 i A= WA
BV JiAh, IR AR R I B RAF A AR A
PG YRR AT DLIE X — B Y, L, 755504
MR8 SR Fe, O, , AEIN T HAR AT RE I AL Py AH 251
A5 T ARG S

FIFHIR A5 Ve b & A B W vl LA R A7 4 1 GO
S BIORGA T Sy B8 1 TR A TR [ 1R 38 5 40k A1 38 445 (Re-
duced graphene oxide, rGO), MFCs %} COD {2 [ Kk
0.48~1.2mg "« d™" «em™, A[PEA YL B N 179
~310 pA - em ™, FEREPR N 1GO BA R HE TR R
REST L AR W 2 I 2ok SRR B 1 ) MF-
Cs XT B 85— 3 0037 14 500 -1 = o ik itk 2 04 19 %% % 36 DA

49. 85% $ i & 65. 1%, J A= 1) e R A Rt 15 K — %
P, £ s8EFEHE MECs B RS 1 B AR L
KA, FE T HALBRE Y, R R A Y e B R
T SRA, JRHE T A & 15 e ke, TRl = Ak
) FL UL 2 P 2 i

B 2 Ay — b i Qe B i S Ni 3 e, T AR
RO BRRIS R (/NG IR . BERUEZESE, LIRS K
i, B, RO IEATRER, NI SE I IR 5 R BE A 2 [ i
fpim ey, R XK R E R LR
ST TE T iR (1TO) 31, 78 BB g A 31T & 2E
SRS (ORR) i B i, P2 HO, 5 Fe®™ #g g
YHIF RS, X2 PHI B R R 60.25% , FFiH
JEIAFN0.42 V, e KINREE N 714 mW/m* "™ X F
2 S BI MFCs, - o — MnO, 51 88 1) A7 5805 1 A B A A
B, MnO, X vt HAT AR GF W B AN RE B8 7, TN 28
S R RN T MnO, PR B R R, X AR 2 R
( Chemical Oxygen Demand, COD) {243 5 ik 78. 7% ,
PEARRCR N 11.5% , R THIHEML (12.6% ), HKIT#
HLUE N 0.812 V, il T HARAR, A AR Y
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R A SR M T HE AR i 1 1L 8 R A R S T
TEHEANFC L MR Y R, 38 ] LR o e bl A A ) 2
PRI FRERERE T o P = i A B 2 LA B Jie A )
A FERLLEETH, (Ut TSN I A T 15 14 BE
J1, &9 T RORLE IR AR D T SRS A MFCs B
PHAR Z AOIARRR , K = 2k 1 3506 BE I B RHE S U SE A RLE
SRR = RS, v R BRSSP ) S A A
M R MECs 977 FURR S P A S TS Qe i 25 BRBE T

5 % iE

Ay B A e DR L2 R 11 2 e S 4 RO SR 1 T
JA F R 7K AR BRATTS A 7S B R, R i 6 A% 9
SR LI IR FE R, Sk H A SR K A B
BT T AT, O 1 #E— 23 S AR A7 S804 16 K
AR B R TR, AR5 SRR 9T P i BT A
LR R A R DA SIS I PR RE R AR B2 D
JZ. BRI T IELEAE, R, FRPERESE,
BRI SEVERETE A1 SR 2T 4k . BEIE . Wi P IR RESE 4
KA, WA GO BEAT I JEUH 5 A1 s 4 b ORLIN L H RE AT
ANRETER MR, WIS T I/ TTIREE A 77 A 1 R i TC v 18
S, W AR S PR A SR U SR RE A A 4% LIk,
Al e L R -5 1 8 I R 3R A0 R 4 A 8805 B 45 4 15 110 e
PERBIU AT B (2 SEPR/KBL T A1 8 bR M B Bk Z AT
FE, R T A7 s A58 2 4 v T 92 i 9 i — K AR 5%
P, XTSRRI T 52 bRk A BT T i 1) 52535 G900 |
RIRA PG R 1AL LB OK S5 S2 bRk BT BT BE
WFFERL, Ny S0 W A UK FE 1k CDT s Y AR
SETE . W BRER] B ALARE RE R DRSEE I B BE 45 ) dnfel i
XA SR E . AR R NANE . TR EREIE R
HEAGTE A = AR P A AV A 0 fr SR A ), IO T
HXG R R et AL YAk B ARt AT B A
HE T
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