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Crafting a high-quality review paper constitutes a crucial phase in a research project, serving to
elucidate the existing state of knowledge, reconcile apparent contradictions, pinpoint areas
requiring further investigation, and establish consensus in situations where none was previously

present [1].
B Overview of Exergy variation in desalination technologies

the mathematical representation of exergy, denoted as €, is as follows:[2]

n
e=u-u")+p(v-v")-Ty(s-s") + in(u‘i‘ ‘Hi,o)/Mi (D
i=1
In the given expressions, where u, v, s, m, and x represent specific internal energy, specific
volume, specific entropy, chemical potential, and mass fraction, respectively. The properties
denoted with (*) in the equation are evaluated at the temperature and pressure of the
environment, maintaining the same composition or concentration as the initial state. This
condition is known as the restricted dead state, where only temperature and pressure are adjusted
to match environmental values. Conversely, properties denoted with (0) in the equation are
determined at the temperature, pressure, and concentration of the environment, referred to as the

global dead state.

P

In the initial scenario where © = Po@d X = Xo_the chemical exergy (represented as the last term

in Eq (1)) becomes zero. The exergy expression for an ideal gas mixture can then be formulated

as follows:
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T =T,

In the second scenario where andx = Xo  the same as before the chemical exergy term

becomes zero and the exergy can be written for an ideal gas mixture as

RT
e=c,(T-Ty + p0(¥ - p—o) - To[cpln (Tl) -RIn (pﬁ)] (5)
0 0 0

(T =Ty, thus

In the third scenario where I = Toand P = P

0, the initial two terms in the exergy equation (as per
Eq (1)) disappear. The sole remaining term is the final one, representing chemical exergy. The

exergy in this instance can be expressed as follows:

= Yoxlui-4t) @

In the context of an optimal blend model or an ideal mixture model, the disparities in chemical

potential are expressed as.

n
X
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C Separation and Mixing in Desalination

Considering two ideal gases separated by a physical barrier in a container.

Barrier

Gas B
P, T,

Barrier removal

Mixing of gases, A and B

Figure 1 Schematic illustration of the mixing of two gases

G=anuj (11)
J
G'= nAu/il+nByé ; ¢ = nAu£+nBy£ (12)

As AG, = (Gf - Gi)

Gy = ny(ih - 1a) +np(uh-pp)  (13)
ou;
(G )= o
We need to recall , molar volume.

du;=V,, dP (14)
Form Eq (4), the following can be written.

dpP
dyt; = RT—- (15)

Hf' P.
_ dpP
| du;=RT | — (16)
i P
Ky

P.
. b
,uf _ 'u]l_ =RT ln:zfz;(F) 17)

Thus
Py Pp
AG,,. = nARTln(?) + nBRTln(?) (18)
P
(== xj) and, as (nj = nxj)

According to Dalton’s law

AG,,;, = n,RTInx, + ngRTlnx; (19)

mix

AG,,;, = nRT(xyln(x,) + xgln(xg)) (20)

[4]

, the change in free energy is given by:

hence:




Where, R is the gas constant (8:314]/(mol-K) T is the temperature in Kelvin, *4 and *8 are the
mole fractions of the two components in the solution. This equation describes the free energy
change associated with the mixing of two components in an ideal solution. If AGpix g negative, it
suggests that the mixing is favorable. For the case of desalination, particularly in the context of
water desalination, it typically involves the separation of salt (solute) from water (solvent). The
process of desalination often requires energy input, and the Gibbs free energy is a thermodynamic
parameter that provides insights into the spontaneity of the process. In the context of desalination,

the Gibbs free energy change AGmix can be related to the work done W by the equation:

AGmix = Wnon - PV (21)

w

where "'non-Pv is the non-pressure-volume work associated with the process. This work is

required to overcome the thermodynamic barrier for separating solute from the solvent. In

AGpix is achieved

desalination processes such as reverse osmosis or distillation, the reduction in
by applying external energy, often in the form of pressure or heat, to drive the separation. The
specifics of the equations involved would depend on the particular desalination process under
consideration. Consequently, when examining the Gibbs free energy of mixing in the context of
an ideal two-component solution, and specifically in relation to desalination processes, certain

considerations come into play.

A,,;,G =nRT [Xsln (x5) + leniZ‘EE(xW)] (22)

*w molar fraction of Water *s molar fraction of Salt Xy =1-xg

DG =nRT[x¢n (x) + (1 - xg)In (1-x5)] (23)

with Taylor series expansion and dilute solution approximation (i.e., ¥s < 1) using
In(1-xs) = xs toyield.

A, G = nRTxg[In (x5) - 1] (24)
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Ay GF = RTxp[In(xp) — 1] —> — Ami,xGP = RTxp[In(xp) — 1]
Feed D.U Product

Brine ‘l’
AmixG\B = RTxB [ln(xB) - 1]

/
(b)
Xp = prW + (1 - Rw)x,g .
Mass balance onsalt =y Cr = CoRy + (1= Ry)Cp Salinity ,
Cp C
For complete salt rejectionC, = 0 = Cr=(1— Ry) .l .B
I£C, =0 Then Cp=1 D
G _1 U At
Therefore —p C_F = m

Figure 2 (a) The primary streams of a desalination unit, (b) Mass balance on salt for desalination process

The Gibbs free energy of separation for a desalination process:

AgepG = A

Age,G = RyA

mixGP + AmixGB - AmixGF (25)

mixz;P + (1 - RW)Amixz;B - Ami;vc?;F (26)

Specific energy consumption (SEC) is defined as

ASEPC RWAmixz;P + (1 - RW)Amixz;B - Amixz;F
SEC,,;, = = v 27)
RW w RW w
RTT x X X
SEC,, = — | —In|—| - xPln(—B (28)
V,|Rw \xr Xp
Using *s= Y CV , where v is the number of dissociated ions per salt molecule (2 for NaCl)

SEC,,, = 2RT

For complete salt rejection Cp=0 and the van’t Hoff relation

Cr (Cp Cp

min

2RTC, (Cg
SEC, . = ln(—) (30)
R C

w F

mn

g
SEC,,,, =——1In (1-Ry) (31)
Ry

The SECmin is determined only by the feed Osmotic Pressure "rand water Recovery Ratio Rw.

Thermodynamic energy efficiency (TEE) is defined as:

[6]
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TTE =

A Gmix
SE Cmin

AG:
won (32)
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Figure 3 illustration of TEE
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Desalination technologies data

Distillation
Table 1 Distillation data

Cy (mM) Ry, (%) AGyw (Wh/m?3) SEC (Wh/m?) TEE (%) Rf
657 28 1093.3 24786 4.4 [3]
717 40 1280.7 14659.5 8.7 [4]
846 9 1249.6 16791.3 7.4 [4]
682 993.7 19906.5 5 [5]
768 14 1178.3 14493.2 8.1 [6]
700 50 1396.3 20566.4 6.8 [7]
879 8 1301.8 18194.3 7.2 [8]
768 18 1223.6 13398.8 9.1 [9]
717 41 1263.5 17207.3 7.3 [10]
717 38 1232.1 15881.8 7.8 [10]
717 39 1244.8 17240.4 7.2 [11]
768 28 1267.5 18965.4 6.7 [11]
768 17 1164 10206.3 114 [11]
665 40 1208.8 22769.3 53 [12]
109 31 173.8 17827.7 1 [13]
597 21 920 9289.3 9.9 [14]
597 33 999.7 10797.5 9.3 [15]
699 48 1305.6 6354.9 20.5 [15]
61 70 1449.5 24684.8 5.9 [16]
61 55 1222 13272.3 9.2 [17]
67 40 1208.9 23791.6 5.1 [18]
72 34 1249.1 12585.1 9.9 [19]
11 98 632.7 22145.6 2.9 [13]
60 33 1027.3 26498.1 3.9 [13]
82 16 1256.4 34048.8 3.7 [20]
68 29 1223.4 15478.2 7.9 [17]
72 30 1296.9 14310.9 9.1 [11]
77 15 1181.5 7756.5 15.2 [6]
72 33 1200.5 12546 9.6 [21]
89 29 1478.7 17751.1 8.3 [22]
76 40 1363.8 21834 6.2 [23]
648 40 1123.3 11501 9.8 [24]
512 90 1802.3 26587 6.8 [25]
717 40 1243.2 9400 13.2 [24]
717 10 1072.6 11800 9.1 [19]
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Reverse osmosis (RO)

Table 2 Reverse osmosis data

Co (mM) Rw (%) AGyw (Wh/m?) SEC (Wh/m%) TEE (%) Rf
11 70 26 228 11.4 [26]
8 65 18 119 15.3 [26]
15 75 39 322 12.1 [26]
15 75 39 264 14.8 [26]
43 13 64 139 46 [27]
43 23 68 133 50.7 [27]
51 81 145 556 26.1 [28]
34 79 93 378 24.6 [28]
15 75 37 333 11.2 [29]
43 66 96 389 24.7 [30]
60 75 152 472 323 [31]
712 45 1302 1806 72.1 [32]
698 45 1276 1769 72.1 [32]
602 28 972 1578 61.6 [33]
841 13 1239 1717 72.2 [33]
975 20 1447.1 1772.2 81.65 [34]
686 45 1217.2 1750 69.56 [35]
624 50 1140.8 1611.1 70.81 [36]
659 40 1133.1 1811.1 62.56 [34]
677 28 1051.3 1638.9 64.15 [37]
677 25 997.9 1972.2 50.6 [37]
568 40 936.8 1622.2 57.75 [33]
196 34 312.6 583.3 53.59 [38]
257 65 259.6 583.3 44.51 [39]
80 72 157.3 3333 472 [40]
51 81 128.1 555.6 23.07 [28]
68 50 120.1 416.7 28.81 [41]
91 50 116 416.7 27.85 [42]
39 75 94.7 833.4 11.37 [43]
42 71 90.5 394.5 22.95 [30]
34 79 89.7 377.8 23.74 [28]
62 23 88.5 133.3 66.38 [27]
62 13 85.2 138.9 61.31 [27]
34 75 78.8 377.8 20.85 [44]
46 67 71.7 416.7 17.21 [42]
60 12 63 611 10.3 [31]
17 68 34.8 333.4 10.45 [41]
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13 75 31.9 3223 9.9 [26]
13 70 27.9 329.2 8.49 [26]
15 50 24.2 194.4 12.4 [45]
Electrodialysis (ED)
Table 3 Electrodialysis data
Co (mM) R, (%) AGyw (Wh/m?) SEC (Wh/m?) TEE (%) Rf
86 50 109.9 1675 6.56 [46]
86 50 109.9 2141.3 5.13 [46]
86 50 109.9 2369.2 4.64 [46]
86 50 109.9 2717.7 4.04 [46]
86 50 109.9 29134 3.77 [46]
10 50 19.1 133.3 14.31 [47]
10 50 19 139.6 13.59 [48]
10 50 19.1 291.7 6.54 [48]
45 50 59.7 530 11.27 [42]
48 50 79 1500 5.27 [42]
403 50 132.2 3800 348 [49]
154 50 146.4 2780 5.27 [49]
482.9 1053.7 45.83 [50]
482.9 3556.1 13.58 [50]
248.8 643.9 38.64 [50]
248.8 1317.1 18.89 [50]
248.8 24439 10.18 [50]
Not Reported
248.8 4639 5.36 [50]
102.4 307.3 33.33 [50]
102.4 790.2 12.96 [50]
102.4 1536.6 6.67 [50]
102.4 2912.2 3.52 [50]
Capacitive deionization (CDI)
Table 4 Capacitive deionization data
Co(mM) Cp(mM) R, (%) AGw (Wh/m®) SEC (Wh/m?) TEE (%) Type Rf
20 9.1 50 8.65 350 - 207 2.47-4.17 MCDI [51]
20 9.8 50 7.52 320 2.35 MCDI [51]
20 12.9 50 3.57 69.3 5.15 MCDI [51]
3.42 0.9 60 3.18 193 1.65 MCDI [52]
40 223 50 11.2 745 - 535 1.50 -2.209 MCDI [53]
3.4 04 60 4.88 135 3.6 MCDI [54]
10 6.2 50 2 177 1.13 FaCDI [54]
32 1.7 67 1.41 208 0.675 CDI [55]
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8.54 7.58 50 0.15 33.6 0.4 FaCDI [75]

8.54 7.55 50 0.16 65.8 0.2 FaCDI [75]
8.54 7.3 50 0.25 92.6 0.3 FaCDI [75]
100 96.65 50 0.15 48.4 0.31 FaCDI [76]
13.35 12.91 50 0.02 108 0.02 FaCDI [77]
20 18.51 50 0.15 20.8 0.72 FaCDI [78]
20 19.5 50 0.02 15.4 0.13 FaCDI [78]

Electrode Materials for Capacitive Deionization

In this segment, we conducted a search for electrode materials previously employed and
examined in capacitive deionization, aqueous sodium ion battery, and aqueous chlorine ion

battery applications.

Table 5 Electrode material data for capacitive deionization

Average Voltage (V) Specific current
Material Formula vs A /§ Cl sa tg(K ci) Electrolyte System  capacity density Rf
g/Ag (mAh/g)  (mAlg)
1D Na,VOy, nH,O  Na,V4Oy6, nH,0 -0.2585 1 M Na,SO, in H,O 3 El 123 40 [79]
Na,MnV(PO,);- Na,MnV(PO,);- .
GO GO 0.41 1 M Na,SO, in H,O 3 El 49 1C [80]
Hollow K, ,;MnO, .
nanospheres Ko27MnO, 0.544 2 M Na,S0, in H,0 3 El 83 200 [81]
Na,FeP,0, Na,FeP,0, -0.006 1 M Na,SO, in H,O 3 El 55 1C [82]
NaTi,(PO,);/C NaTi,(POy),/C -0.6 1 M Na,SO, in H,O 3 El 101 500 [83]
Aqueous 2 M
NaMnO, NaMnO, 0.5 CH,COONa 3 El 55 1C [84]
Na4Mn9018- 1 M Na,SO, and 0.5
Na4Mn9018-RGO RGO 0.543 M ZnSO, 2 El 61.7 4C [85]
Crossing-linked . .
Na,VTi(PO,);@C Na,VTi(PO,);@C -0.6 1 M Na,SO, in H,O 3 El 62.3 05C [86]
Crossing-linked . .
Na,VTi(PO,);@C Na,VTi(PO4);@C 0.3 1 M Na,SO, in H,O 3 El 63 05C [87]
Bi,0,@C nanoflake Bi,0,@C 0.081 IMRSO2M 5 207 2000 [88]
e . . 1 M Na,SO,+2 M
Pristine Bi;O3 Bi,0; -0.081 NaCl 3El 245 2000 [88]
NaTi,(PO,); NaTi,(POy); 0.55 IM NaCl in H20 2 El 52 1000 [89]
Na;MnTi(PO,); Na;MnTi(POy), 0.5 1 M Na,SO, in H,O 3 El 60 05C [90]
NaVPOF NaVPO,F 0.544 5 M NaNO; 3 El 54 50 [91]
1 M sodium
Nay4MnO, Nag44MnO, 0.419 perchlorate + 0.5 M 3 El 34 121 [92]
sodium sulfate
. - . 2.0 mA
NaTi,(PO,), NaTiy(PO,); -0.75 2MNa,SO,inH,0  3El 133 S [93]
Na,MnyO4 NasMnyOyg 0.488 1 M Na,SO, in H,O 3 El 45 0.5 [94]
NaTi(POy);/graphe .
ne NTPG.3 NTPG-3 -0.75 1 M Na,SO, in H,O 3 El 129.3 130 [95]
Na7V4(P287)4(P04)’ Na7V4(};/287)"(P0“ 0.794 1 MNa,SO,inH,0 3 El 51.2 80 [96]
Carbon-Coated Na,,V;,Tigs(PO,) .
. 0.325 6 M NaClO, in H,0 3 El 61.7 1C
Nay, V12 Tigs(POy)s 3 ? 4 1m [97]
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Nay sTip.sMny 50,
NaFePO,

Na;V,(PO,)3
Na;V,0,x(PO,)2F;.
»/MWCNT
Na,Fe;(PO,),P,0,
P2-type layered

Nay;3NiysMn3,0,
Nay 5sMnO;, ¢.4sH,0

Nay;MnO,s

Na,Tiz,Mn;,(PO,);
nanodots planted in
a carbon matrix

Na;MgTi(PO,)3
C-LiTi,(PO,);
Nay 66| Mny 6 Tip34] O

FePO,-,H,0

nanocube (m-
NiHCF)

NaCuHCF

Na,NiFe(CN)g
Nickel
hexacyanoferrate
(NiHCF)
Na,MnFe(CN),
hexacyanoferrates
NaFe,(CN),
Prussian

CoCuHCF

Prussian blue
FeFe(CN)g

Na,CoFe(CN),

Cobalt
Hexacyanoferrate
(CoHCF)

Nay (VO);[Fe(CN)¢|
21:H20

Na,CuFe(CN)g
Na,Zn;[Fe(CN)g],
PTCDI nanofiber

PNTCDA
Polyimide
(H)SNDI

Tubular polyaniline
decorated with
Prussian blue
nanocrystals
Polypyrrole grafted
activated carbon
and MnO2
electrodes
Polyaniline
nanotubes doped

Nay sTigsMng 50,
NaFePO,

Na3;V,(POy);

Na3V,0,x(PO,)2F
32/ MWCNT

NayFe3(PO,),P,0,

Nay;Ni; sMn;,0,

Nay 5sMnO,,
0.4sH20

Nay;MnO; g5

NazTiszl’ll / 2(PO4)
3

Na;MgTi(PO,)3

LiTi,(PO,),

Nay66[Mno 66 Tio34]
0,

FePO4,H,0
m-NiHCF
NaCuHCF

Na,NiFe(CN)s

NiHCF

Na,MnFe(CN),
NaFe,(CN)g
CoCuHCF
FeFe(CN)g

Na,CoFe(CN),

CoHCF

Nao4(VO);[Fe(CN
)6l2.12H20

Na,CuFe(CN)g
Na,Zn;[Fe(CN)sl»
PTCDI
PNTCDA
Polyimide
(H)SNDI

PA/PANI_PB

Py/AC/MnO2

PA/AC

0.41

0.03
0.4

0.7

0.1

0.45

0.35

0.444

-0.45

-0.847

-1.3055

0.55
0.5
0.45

0.4

0.75

0.093

0.348

0.4

0.55

0.6

0.8
0.5
0.428
-0.1
-0.456
-0.306
-0.197

0.4

0.3

0.3

6 M NaClO, in H,O
1 M Na,S0O, in H,O
1 M Na,S0O, in H,O

1 M Na,S0O, in H,O
1 M Na,S0O, in H,O
1M NazSO4 in Hzo

1 M Na,S0O, in H,O

6 M NaClO, in H,O

6 M NaClO, in H,O

0.5 M Na,SO, in
H,0

1 M Na,SO, in H,O

1 M Na,SO, in H,O

5 M (NaClOy) in
H,O

1 M Na,SO, in H,0O
1 M Na,S0O, in H,O

1 M Na,SO, in H,0

1 M NaClO, in H,O

1 M Na,SO, in H,O

1 M Na,SO, in H,O

1 M Na,SO, in H,O

0.5 M Na,SO4 + 5
M H,SO,

1 M NaClOy in H,O

1 M Na,S0O, in H,O

1 M NaNO; in H,O
5 M NaNO;

500 mg L—1 NaCl

850 mg L—1 NaCl

1 M NaCl
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activated carbon as

an anode
Polyoxometalate- .
based binder free S‘le@gANI/ EG 0 1 M NaCl 3EL 117.34 [131]
electrode
Multifunctional
group sulfobutyl 1
ether B-cyclodextrin CNT?DSI]? E-b 0.244 1 M NaCl 3EL  13.533333 [132]
polymer treated
CNT
Radical polymer PTMA 0.8 1 M NaCl 3EL 111 100 [133]
PTMA ’
BiOCl BiOCl -0.256 IM NaCl in H,0 3 El 92.1 400 [134]
CoFe layered
double hydroxides
(CoFe—CI-LDH) . .
crosslinked with CoFe—CI-LDH -0.3 IM NaCl in H,0 3 El 190 200 [135]
CNTs (CoFe—Cl-
LDH/CNT)
Sb,0sCl, Sb,05Cl, -0.4 IM NaCl in H,0 3 El 41 600 [136]
Bi@carbon Bi@carbon -0.206 IM NaCl in H,0 3 El 87.9 400 [137]
Sb@rGO Sb@rGO -0.5 IM NaCl in H,0 3El 51.6 400 [138]
poly(2,2,6,6-
tetramethylpiperidi .
PTVE 0.7 0.IM NaCl in H,0 3El 131 60 C [139]
nyloxy-4-yl
vinylether PTVE
AgNP-10CB AgNP-10CB 0 IM NaCl in H,0 2EL 175 100 [140]
AgCl-20CNT AgCI-20CNT 0 IM NaCl in H,0 2 EL 140 100 [140]
ZnCo—-Cl layered .
double hydroxide ZnCo—CIl-LDH 0 IM NaCl in H,0 3 El 79.777778 [141]
Activated Carbon AC 0 IM NaCl in H,O 3 El 24.7 100 [142]
. current
. Average Voltage (V) Capacitan .
Material Formula vs Ag/AgCl sat (KCI) Electrolyte System ce (F/g) density Rf
(mA/g)
Polyhedral
macrotube carbon AC_Polyhedral -0.456 NaCl 3EL 370 [143]
arrays
Porous C from
Na,EDTA AC_Na,EDTA 0.5 1 M NaCl 3EL 140 [144]
Pani/AC AC/PANI 0.15 0.2 M NaCl 3EL 213 [145]
Carbon nanotubes
in-situ crosslinking
the activated carbon AC/CNCL 0.044 1 M NaCl 3EL 84 [146]
electrode
PVDF derived
C/CNT AC_PVDF/CNT 0.044 1 M NaCl 3EL 198.9 [147]
Layered double
hydroxide coated AC@LDH 0.3 1 M NaCl 3EL 124 [148]
activated carbon
Commercial
activated carbon AC 0.1 1 M NaCl 3EL 51.8 [149]
Carbon fiber and CF/YK 0.444 2gL~1NaCl 3EL 219.27 150
yak hair ' g ’ [ ]
CF, MW-CNT,
SRGO CF/CNT -0.456 1 M NaCl 2EL 128.45 [151]
Sugarcane bagasse AC_Sugarcane -0.5 5 mM NaC 3EL 208 [152]
Kelp AC_Kelp -0.456 1 M NaCl 3EL 190 [153]
Date seeds AC Date seeds -0.4 1 M NaCl 3EL 400 [154]
Yolk-shell AC_Yolk-shell 0.3 1 M NaCl 3EL 268.33 [155]
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Wasted coffee
grounds

Xylose
Coconut shell
Lotus leaf
Lignocellulose
Lignin
Glucose

Chitin derived
biochar

Carbon polyaniline

Bacterial-cellulose

MOF derived
carbon N doped
Porous carbon
nanosheet N, S
codoped
Porous carbon from
waste polystyrene N
doped
Mesoporous carbon
N doped
Microporous
carbon N doped

Carbon P doped

MOF-derived
Ndoped carbon
tubes
AC doped with
MOF
Nitrogen rich
mesoporous carbon
derived from ZIF-8
Ag-doped hollow
ZIFs-derived
nanoporous carbon
ZIF-8 derived
hierarchical carbon
Nitrogenincorporat
ed carbon
polyhedrons
derived from MOFs
N-doped rod-like
porous carbon
derived from dual-
ligand metal-
organic
Nanopatterned
MOF
ZIF-8 derived
porous carbon
N,P-doped carbon—
Graphene 2D
heterostructure
MnFe204-rGO
composite
Hierarchical
Mn304 nanowires
on rGO
Hierarchical
composite of
Ndoped carbon
sphere and holey

AC_Coffe grounds
AC_Xylose
AC_Coconut

AC_Lotus leaf

AC_Lignocellulos
e

AC_Lignin
AC _Glucose
AC_Chitin

AC_tire rubber

AC_Bacterial-
cellulose

PC_MOF N doped

PC_nanosheet N,
S codoped

PC_ waste
polystyrene N
doped
Mesoporous
carbon N doped
Microporous
carbon N doped

PC_P doped
CT_MOF Nd oped

AC_doped MOF

Mesoporous
carbon_N doped

PC_Ag doped

ANHC

AC_Polyhedral N
doped

PC_N doped

PC_Nanopatterned
PC_ZIF-8

PC/Graphene_N P
doped

rGo/MnFe204

rGo/Mn304
nanowires

G_hydrogel N
doped

0.144

0.3

-0.5

0.5

0.5

0.3

0.5

0.5

0.5

0.25

0.1

0.244

0.044

0.044

0.15

0.4

0.194
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1 M NaCl

1 M NaCl

1 M NaCl
1 M NaCl

1 M NaCl
1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

3EL

3EL
3EL
3EL

3EL

3EL
3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

3EL

180.3

187.6
90.2
225

172.9

68
71
120
168.2

335.6

280

350

327

110

179.2

160

280

68

155.83

210

360.3

100.2

271.1

195.5

275.69

228

265

437

226.5

156
157
158
159
160
161
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[179]
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graphene hydrogel

MnO2
nanostructures on
graphene
Graphene/CNTs/
ZnO NPs
Titanium carbide
nanoparticles on
graphene
nanoflakes
Solar reduced
graphene oxide
Nickel
hexacyanoferrate/
reduced graphene
oxide
Tungsten carbide
on graphene
nanoflakes
Hierarchically
porous 3D
architectural
graphene
Nitrogen and
phosphorusdoped
three-dimensional
graphene

Graphene

Graphene Sponge

Graphene/carbon
nanotubes (CNTs)
hybrid sponge

G/MnO2

G/CNT/ ZnO NPs

GNEF/TiC

rGo_solar reduced

rGo/NiHCF

WC@GNF

G _HP 3D

G_3D N P doped

G

G_Sponge

G/CNT _Sponge

0.3

0.4

0.15

0.5

0.1

0.3

1 M NaCl

0.1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

1 M NaCl

0.1 M NaCl

3EL

3EL

3EL

3EL

3EL

3EL

3EL

375

280

443

126

271

580

190

150.88

75.18
205.2

203.48
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