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ABSTRACT: The development of technology has led to an increase in heavy metal pollution due
to their high toxicity and detrimental effects on human health and the environment. Various methods
exist for the removal of heavy metals from wastewater. Among them, ion flotation is an efficient
technique for the removal of heavy metal ions from aqueous solutions, offering high efficiency and
low operational costs. This method has the potential to remove both inorganic and organic anions and
cations, and it is considered one of the most advanced wastewater treatment technologies. In recent
years, the use of graphene oxide Nano collectors and functionalized graphene oxide in this process has
attracted significant attention. These nanocollectors exhibit remarkable performance in removing heavy
metal ions from wastewater due to their high specific surface area, good stability, ease of synthesis, )

. . .. . . . . . Graphene Oxide
high efficiency, and reusability. Studies have shown that surface modification of graphene oxide with
appropriate functional groups improves selectivity and enhances the efficiency of ion flotation. This
article reviews recent advances in the removal of heavy metal ions from wastewater using ion flotation.
It also explores adsorption mechanisms, the influence of various parameters, and optimization methods
for the ion flotation process using graphene oxide and functionalized graphene oxide nanocollectors,
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and offers suggestions for future research on graphene-based nanocomposites and natural adsorbents.

1- Introduction

With their rapid development, various industrial sectors
have increasingly caused environmental problems that
adversely affect living organisms and natural ecosystems.
One of the most significant issues is the generation of large
volumes of wastewater contaminated with heavy metals,
which, due to their high solubility in aquatic environments,
pose a serious threat to all living organisms. The most
common pollutants classified as heavy metals include
cadmium, zinc, lead, chromium, nickel, copper, vanadium,
platinum, silver, tin, mercury, arsenic, and titanium, all of
which are characterized by a density equal to or greater than
5g/em® [1, 2].

Various methods have been employed to remove heavy
metals from industrial, mining, and domestic wastewater,
including coagulation and flocculation, adsorption,
electrochemical  precipitation, chemical precipitation,
membrane filtration, reverse osmosis, and advanced oxidation
processes [3, 4]

One of the most efficient methods for removing heavy
metals from aquatic environments is flotation. This technique
offers several advantages, including nearly 100% removal,
low operational costs, a simple process, high selectivity, and
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short residence time. Flotation has been widely applied in
wastewater treatment for the removal of heavy metals. Various
flotation techniques, including froth flotation, dissolved air
flotation (DAF), ion flotation, and precipitate flotation, have
been employed to remove metal ions from aqueous solutions
[4, 5].

2- Ion flotation

Ion flotation was first introduced in 1959 by Sebba for
the removal and separation of aluminum ions. Ion flotation
is recognized as one of the most suitable methods for the
removal of inorganic and organic anions and cations from
aqueous solutions [6, 7].

One of the drawbacks of the ion flotation method is
the high consumption of collectors and chemical reagents.
In order to achieve nearly complete removal of the target
species using this technique, the minimum effective collector
concentration must be at least equal to the 1:1 stoichiometric
ratio with the target ion and lower than the critical micelle
concentration (CMC) of the collector. Collectors play a
crucial role in ion flotation. In recent years, nanocollectors
have been employed in ion flotation processes. Graphene
oxide (GO), as a nanocollector with unique properties,
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exhibits high potential for application in ion flotation [6, 8]

The use of GO as a collector in the ion flotation process
has demonstrated high efficiency in the removal of heavy
metal ions from wastewater. One of the key challenges
associated with the application of these nanocollectors is
their reuse in successive treatment cycles. Table 1 presents
a summary of the results obtained from various studies on
the use of graphene oxide and functionalized graphene oxide
nanocollectors for the removal of heavy metal ions via the ion
flotation method.

3- Challenges with the use of GO as a collector

There are numerous challenges associated with the
industrial-scale application of ion flotation using graphene-
based collectors; these challenges include the following:

After the ion flotation process, the desorption and recovery
of the graphene oxide nanoparticles used in the process can
pose a technical challenge. If these nanoparticles are not
properly desorbed and recovered, they may themselves
become a new environmental contaminant, leading to
increased operational costs. One of the major challenges of
the ion flotation process is its scalability from laboratory-
scale studies to a continuous industrial process. Another
existing challenge is the actual ion removal efficiency when
treating real industrial wastewater. Additionally, the use of
graphene and graphene oxide nanoparticles is limited by their
high production costs, which are particularly complex and
expensive at the industrial scale. Furthermore, the potential
toxicity of graphene-based nanoparticles to human health and
the environment has not yet been fully understood.

Future research could focus on developing new methods
and collectors with higher ion adsorption capacities to
minimize collector consumption and make the process more
economically viable. In the field of heavy metal ion removal,
evaluating the performance of nanocollectors under real
and industrial wastewater conditions, as well as assessing
their selectivity in multi-ion environments, are aspects
that have not been thoroughly addressed in some previous
studies. Therefore, it is recommended that these aspects be
comprehensively investigated in future research.

For future research in the field of heavy metal ion
removal, the use of graphene/metal oxide photocatalytic
nanocomposites, graphene/natural adsorbent hybrids, and
the investigation of the effect of graphene surface oxidation
intensity should be considered. In all existing studies, graphene
oxide and functionalized graphene oxide nanoparticles
have been examined as collectors, whereas nanostructures
such as bentonite, montmorillonite, and molybdenite
nanoparticles also possess the necessary potential to be used
as nanocollectors due to their unique physical and chemical
properties.

4- Conclusions

The use of graphene oxide and functionalized graphene
oxide nanocollectors in this process demonstrates remarkable
performance in the removal of heavy metal ions from
wastewater, owing to their high specific surface area, suitable
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Table 1. A summary of ion flotation studies using gra-
phene oxide and functionalized graphene oxide nanoco

Ions Nanocollector = Removal (%)  References
Pb GO 99 [9]
Ni AFGO 100 [6]
Cu GO 99 [10]
Cu AMID@GO 99 [11]
Pb IDA@GO 95 [12]
mS[Z?‘iZns FGO 95-99 [13]
Zn GO 90 [14]
Mn GO 89.4 [15]
Cr GO 86 [16]
Zn and Mn GO 90-91 [17]

stability, ease of synthesis, high efficiency, and reusability.
Investigating the adsorption mechanisms, the effects of
process parameters, and optimization methods indicates
that surface functionalization of graphene oxide with
appropriate functional groups enhances both the selectivity
and the removal efficiency of ions from aqueous solutions
via ion flotation. Research findings have shown that these
nanocollectors exhibit high potential for the removal of
ions such as copper, lead, nickel, zinc, manganese, and
cadmium. Despite the significant advantages of ion flotation,
challenges such as high collector consumption and the
feasibility of industrial-scale implementation still remain.
Future research could focus on developing new collectors
with higher adsorption capacities, reducing chemical usage,
and improving operational conditions, in order to establish
this method as a sustainable and cost-effective solution for
industrial wastewater treatment.
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Table 1. Problems caused by the presence of certain heavy metal ions.
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Table 2. Advantages and disadvantages of different ion removal methods from solutions.
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Fig. 1. An overview of the precipitation flotation process.
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Table 3. Removal of heavy metal ions from wastewater using ion flotation method. (Continiued)
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Table 3. Removal of heavy metal ions from wastewater using ion flotation method. (Continiued)
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Fig. 3. GO production steps using the modified Hammers method.
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Fig. 4. Structure of different carbon-based materials.

1GO Gl cud)bs a8 wis pasuiio «lalllas 51 (S5 )3 sloslsy LS dg5-

ly FdFars 9 g le SlSp o) sledggl jl min ol
g o 035 Cums TGO oy Hdlo & Cla Lilidl ) ais Gls
2 0Ny Gl iiSehy 5 pall s ee yidy S Jold o5
oiis b S by cpl (E et ) Cuwl (Sliwlg xSl g T—TT Molas
by s8l)S Clriogl lawy oYl Cls Ulg Liliel » ee
JAO] w8 e
2 g )by lod (el o paylem g STy ks eld
> dlge o (So55 p (SoySIl Algy oY w9 Jslxe
Y powge gl ) lapys gy B wlusT S wle
5 JSiie Y opl 055 o 41,8 Sl prdaws @ ygle 5o oS, 4il5g
tow 4 ( Soliwlg Sl slag s dlawlgdy 45" Cowl (e g Cuto sl e
2 Shg & a4 lagyn Gl Gl i pl B Ngd e 0
(S g 4 sl digly ol Il S glad 5 S bl (igzeen
4 i bl (Cu?™y PO asle) jui )b b b olagge ()
("Na 15le) jomly cod o b oo b dulio )0 25 oo » Ol

b x sloe om P (Solwlg Sl adls (9 Jds 4 el 0yl

1. Gouy-Chapman
2. Double Layer

S (S b (g2 Bdo gl (1S b b DOl -F
Sz S sl 5 (AC) Jub () alex I ()8 sasil
Jsie & o855 (SWCNTS) ojlas S5 5 (MWCNTS) o s
ol 0h9 woluy (YL g dias 113 )5 Gise by obodl
BB )15 038 dr g 3)90 oS Sl g5l (29> g (ko
05U Sl 4y oS slagil Sslise slatal)l 51 a8 dlse ) [3A]
5 hosd slodisy £ 4 At wlbad S8 (F U5 L illao)
bl & sium (638 & paio (ol s o (o la S
Pilwen cuslio sl (1S Sl oy Sl
gaw oz jl s 35 4 paie (la Shy dasly 4 (315 s
oy )3 ol 5 0) L&w sladigy IS )3T sladisy 3959 Yl o}g
S 3lS (clayg 03294 lmoat VT glgl Gl )3 Gl gt Jale
sl Sl wlS] (85 st 0315 a8 e oo S50 s O Sl
oS dsn GBS (e Slge dlox 5l ()3 sladglgll 5 (rGO)
Ssisy (VT slopiiSeayn (V ideld JiSeay g9 & Go)b
SUES o0 (B (uiVlgsS claiiSiomy (F 550,50 J1 (T 359,00
T slmoroVT 5 S Slils (550 Glo g s 4 306 cSalialg Sl
5 95 Al «Slogylg i Sl 5 e 3 g dlge ol Ll

il oallan jlaw 3 Sas )1y 35,8 0 yxdis dlgo il j3 aS" Solgig s

Yoy



VOF s B VDY dbo NF-Y JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

ey e ol &b 3 sl AV MY/ L ol WSWONT o35 s
(hlen 5 ¢ (opimen .l ol 335 V8/YY mY/g LMWCNT
i BMWCNT; bSWCONT ¢l 1) IS5 0y ol o)l
50 (laadlas ;> bled,S 535 V/OY mY/g 4 YV/A mYg L i,
Jao 31 oslizad 1y (I1) (55, o2 e bl pSlas oo fSam 5 o
MW- 3 SWCNT (sl Ae mg/L b Ve clalé odgdme 45 ¢y 5055Y
Llod,S 5)l35 YY/IEA mP/g ¢ ¥Y/EF MY L plp iy & CNT
[Vey=1ey]
Cbdlgdgl b ool calis lsls a5 (8lS al e
sly Bdgdgll sl (3,8 5 5l G (sbabgy (S 9 8 ()5
Croe i Y sl oS wlesly Lis 1 g e ool o)l g
coge GO oY slus zals S o byl ] sy i cubyls
@ by e cad )b il Gl s 5 ok pdaw Colus il38l
Cobs Linls 4 3l (lis ) Kan 5 e ol 98 e pyn 5y (<]
2 e slpn el cad )b QLI i jgbay GO sboaY
S3LS Y b ials oS S o a8 baly ol ol L)
dote ol sladglre Sl gy Blo 3 |y ol il 3 Shes Wl
O Olls Bls gy YT py8 45 o394 GO I eolatwl iz
ohs aw 9 3k Y Hllo 5 85 8 g 3y ol sl slne

LV ¥ S e Wl Gla ool ioli8l o (sallS” s c‘j <YL

2 38 5 it ladigl o 3,5 3 e | £l il Y ¥
O Sl sy Ol

Mol glgl b awslio > mdaw colue s | MWCENT 4 31
& Cowd Laa"j RTN J,.wLu [EPEVaS u@??g}’b Slade (glyly saus
Baos 5050 ool sl il 048 ol b s Jole (8 (sladlgsl
Sagdgyiad Cunls ‘u.g] sllow s SaSly sl eles o
3 es Sy pslate dy 23,5 03l Jlb Llole (slaog S b g o
slacols sl (oli8l & e Wl o b Mol () ped o AL
Slacs b Jolss sl 5 b s oo 55 )l S i Jbd
e PH dos pulas Jelge a0 oliowds @lpuss opl (6,105 31645 (g518
SBONT o g 35290 538 slagg Clile gy slaigy &8
[Veo] o)l (S esdip Mol

1SS ol glate Joloe 55 calises (sl gy (daw Hb &S boi 5l

yovy

Gl T 3 cpdipin 4 e g Cusl gaw Jole gloog)S
o5 Vgams 35 5550 Jite S glad b gl (¥ 3550 (s
Sho ol )b bl yew b GOl gohw b JiSery 4 gyl
2wl lygd s (VL Cenl Sl S ol wnld s ofgn
WS o iludie |y (aw Qo B & eSSY Qo gl ulul
Na' woboe (il 25 iy 4 (Q ) oy ol wlo cud)lb
<Mg** <Co?* <Cd** <Zn?* <Ni** <Cu?** <Pb**

o VLl 5 )b L lapg e hled oaimaplits o !
$dgdgl g GO wle 815 1 e uyS g cdon 13wl (o
Lo dlox jlags (ol (law gl Shy 4 225 L(CNTS) )8
CabilB o Sliwlg xSl sl yiiS w o Do) culild g 0uiSTy 49> &Y
2 Foe sgba Wilgiee 5 By 1) S Sl sbgs LBl Gl
[R]85 Joe 55550 Jl ) gled g it b L 2o S

2 gl atey GlaShy @lelid 5 )8 gyl @i |
ol 0391 olyas am s b iy b Ul ey (69li8 dmorty VT
(8,5 3l g WCONT b (63 )Slos 5 (5 kil lacals Jsa
Sl e ot plaisd dlodius by bjlislegl ()
CNT .lad )5 )8 (g2 3590 (o (slobaeo | S 36 (cloysy
2 @YU el daw Jed colw (ool olass g L) dlawlga b
P il (2lg oo ol 0 ey gl 28l Gl claan]
Dlods ol ays Wl el ogilly (cladxe lsicay byl ksl
Jlail ladore 5 Yo (g SWENTS ()5 o dlox )
IsSWONT (gleslgianl gy slish 5 (sl sloyls MWCNTS
slogg slp ly LONT (VL Gl cud )b oo Jl3 s 5 £535
[T amsie Jaljil 6 pRediz joboos (i I3l

Sy Cla oy 815 ¢ 0)S claddl slaa¥ sl 5b-) -F
O i3
Gl ol (85 L S gladldel s sl il L
Slacasgie > & bias Gi0lS ul b e 2015 25 6 s5ba
Sl Jld ccols sl Lials 4 e & Cul plad 5 Sole
Sl lp e lpied Slgice ody ol 2980 03l aw
e 53 25 )18 oolital 2)90 gy lad )3 d2gi b Oglis L ngyg
MW- 3 SWCNT 5 Slas @glds awyp 40 (g33nie Slalllas il
Colue a5 100l lis o, Ken 5 posl ( Jlio lgie 4 ailassls,, CNT



ONT & G 81,5 4 1 3,5 oo 51,8 o0litsl )50 o cloJslono
sl ol s ol Lol il Jlo)53 2 ol (sl (5 (slje 3l
Lo @yl oo dole cloog,S b (63,Skes (bS5 sl
B Gl gl 2 938l cunl 0392 1SSln Gl 0)lgen o perdy
o iSpny ) b g 4 Jilos wile glacadgie b Jsase
[\ 'A] JJ)I.) u.»”s).\:ls dlﬁs)u 9 T—T

el £33 o olas LTl s 3,Slas 3ot cla ol 5l S
o33k x5 53 5 038 e | i JIiSl 5o o ol e U
5 GO (sl )lis b dguns jolaio ds dmd il 38l wguome JSU5 4 1) Bls
(2] 9 JS6 palis aile) (clabawlg el jls las 5LuS 5 il oolil LTGO
5 (Cashysatise 5 il ibe) Syt LS5 (oligs aile) JTolge
Pl (5 1S 5 9 ST 5l S 35Vl 3500) Loy
YU s 3 ,Slee IS b o 2ol GO ¢l lsis 4y el 005
Vb ol b Jsie i 52 ez 52 5 el oo ol 355 5
o1 )5 VYO ME/E Lyl o] s cad b iShis aS 03,8 Lains |,
il 2 181 i S gy Sk Sy joualS 5 ccpizpan
055 1y (slodginS ds g Joore (sl iy )S 4 Cans aiBldgups 3 Sas
5 USize 3l Ko g 55 g ,Sud clasdlan 5 les S s
Bl (gl YYVIA mE/g Gl cud )b Sho b 08T Cuish jgeige
ol ol 3Sles dag BB Gl o (L &5 A8 S o o
TN 4] el S 5

oslsS bl LS Jold (S 5 sla)ldluglh qcl pegdle
olyor & o C)'Lo‘ (CCS/NGQD) OligS g edbaga— g v
ol olely Gla e ) YL bk aGO sl jsaige
By 2D g do P A pgw &5 U l.m‘_’j s Cud b &S gyebay falenly
LS el 50 0,8 Jllele g, ;00 b Laas o pd AY/A ple>
Ol pgsadlS (sly (299 BB o oyl oS 59 Kb b oyl Jale
Gy e FYIFO mg/g o YEY/VA mE/g polie a5 s sbods tuilosls
oo Mol ules 53 [NV I ol odd U315 il o5 93
She bl (S35l B dan I dbporly 1 odlizl b l,5
S 398 i e sl 0l &ll)) St ilh Bl el
g,g.{); L)"‘ d\/l.s Ju.m)LJ bMJuLw &S sl VAF mg/g L’ ).31).3 GO
Cla 8y (aw gmelinS] b )y diej > [V cul
aw (SabanS] Glie iolidl &S ol i Sldllas (o8 sla e

258U gl 4ol jl ok o dayg il Sl S50 slahy,
Sy 5l b g oo a3l (gjlols Jole lgic 4 a5 a5l )3 cpl ol
b diloie @l 1) g S5e silubia Gl ol St
sl 4ol (ool an b Jold isu aw | Yoens a)gisSUST  JoSdge
s dlge 5l gyl o sa0 yokaie a4y Cawl ol SIS odimd Mo iU o
033 3l il b gl slaShy o sl y900 58I lgisa
ol yondy 52,501 g Camgiil dlga | (oS 5 31 48T L casl awsls ()8 5L
by Jole 39 odlazul layl o Jlasl sl (gl dawly odle
Sl slagg | gouxte gl Blo gl ieelcaiipe jsbay ST

D] casl a8 )8 1,8 salatwl 3)50 b Joloes 1K
ole slog)S gmnlinns] wile o slowd SbMol 5 )bl Sles o
b ) b (COOH-) JuSss 5 (OH-) JuSyus
ul)ls thz’d?i 3,8 oJ..\ZC}/Lp‘ sLCNT d.fd)}]od.g Dgud o LasAj?bjU
sl dd > cpain il g > 9038 Gl YL LI L S
Sbaby) jl (Ko S bain 1y 398 2l e sedgcand 4 5l g
Gl s 4 ubliie GLONT 1 (g)50 00 e cnl 35 98
agip o Yh Cds cod b wldgr o o Jdows byt lugl opl .l
Olgie 4.l L;:T slelse osn Y] Gis 2 @YU sty (ol
Sl Syt ol b ooss o Jole aublize (CNT ool
ool bamdy L dmio lacluy l pasedlS CBls 3 (6550 3,Sles
ol e eyl S 3 5 ohg g 3 ey LB S8 CNTS
SWONT o359 gdaw gyl guls olel 5 48 s sanliie byl Luogil
Lj ).Jl)) X )].)JALC dLﬁSWCNT dl)) 9 A mz/g L )JI)) (:l> dlm
ol ooaxte Sllllas dadlglgils y ogMe [V+V] Wil o VOAY m%/g
Slgs o did) S84 slaasY slawy puss b 0 ST 81,8 jld e &S wilosls
ol sl daas¥ sl (]38l b aes &) alae Lls cud )l
22 0 8 b ot i ol i g 4L i g5 o JUb
085 5 VST 81,8 305 o s (S dtwd g3 4 481)5 ¢ yolwl p]
wlerd b (Sl Cpgo @ Slgie odd Mg LuST 85 4V

5 oS lils gl g Bls gl &S D45 Jols TGO b 335 Lo

vovy



VOF s B VDY dbo NF-Y JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

LS s (oolge & ,1b S, ol ey ke (sl il 4 Slgo ] &S
b rddss gpiobal b gbable (shb el wed Jate
b obosd claysislS dnngs 4 oxie Slgice &5 oyl Djloioo ol
Sy led " gl 598 dlge (303 (gom 5l g adlelis,] o3,Sos
S Y G oS Gy (Jle lsie @ x5yl Of lasSIse i 4
0,5 35UV 5 b cow Bl 56, (TiO,) peslis 1usle ;|
oM b SEalS a3 Vel S 4 Ol L ol (b le gl
Gl &S ) 3939 1 (6,500 s slasdaw ¢ awst TiO0, o
CuO ZrOz WO3 & g o dos ;| hitun twghs] 399 Cools
ol 93 35 0ldl bV wSILL 5 CdS ZnO SnO, CeO,
bl g GBSl ey Sl lagys Wy cusls LS5
Sglds 4 yoie b odlaans opl (655 BB cglas .ol byl 5, Sles
ol ol )3 29 o] il g8 sla St o gl (liee 5
o35L 5l WO3 o 5l o g (siwgd] lise oL lyls TiOZ wlge
LIV WA] ol loyed 65V udblS 5568

ole S 50 dgmge oSl ol bl s (iSTly Sy
CVB) 0580l 53 8 51 0l oo o] (39 801 i s 4y s blis iy
b ol &Sl byyde 093 Jize ((CB) gopsl jl J& ik &
4 48 b 9 cpl o 3Pl AN 20,8 Jlosl ol & o 50 Jbo
ez S ol sl oY (5l Bl sl Bgjpme (BGY) (55,1 S5
S (o s ]) b salidas 53 (S pSUl Colan £9,5 g 0 pinm 9 S]]
9 0l Blojaos 4y 351 BB ) i hv (5,0 L Sg3sb o5 Sbej
Colia Wb 4 cudyls Wb 1(€7) oSl G o) ojleis STy b
BM . le o Bb cud b w5 (hT) 6y o o )3 g 0 Jiie
2 9350 S il sy a0y S i ol o o o 3l
Jitie ol gigs @3 o 4y 005 450l 295 (] o goln dad
SoasS L oherd slo Sy 3)ls 5 00ldl ol @ bl )3 s 00
P AV osles (iSTy Bilae) 35800 9V (A) 03y L (D) oin
it 09950 02> (glo J3SUge (13,5 spmST &y 308 oo i ] 8
DialS Covse ADlg_e Colin Sl 4 ok Jitte (sla S aSls
IVY] o 5,58l 05,5 (sla 550

1. Superhydrophilic
2. Valence Band

3. Conduction Band
4. Energy Gap

vory

oS sk ) dsdie bom i Gl case (85 9 LENT
s GO g 81,5 a5 05,8 asuie W pbl o)) en ¢ )8 lawg
glis 5 b pel ) &S i U g Iaygy ol 5 glite (gl i
S ol Ui 5uios oyl gl el adaw olewd S )5 g k3o 4
) Sty s bS] G5 a5 5 Slyoen (58
oS5y cnl i d9mte ) Boyse igmliliien J2]8 5 0,8 sl

D] sen oo BB GO laa slis 5 (oddaw byl 4 dii

Ol paY i 1S g S cbddgl claaY dlols 5t Y -F
O SilE (gla gy ]

s Gl Bl @ Vaiz 28T 815 5 (S ladgl Lo
156 ol ials ol s oe slY pho alols LialS & oo laagY
e Sy o8 3l Q3 (I (2l by (6398 2 (onne
o Eed b g (halyd ni 53 298 (oSl Gda )18, bl 4
@ (Sl Cggu b § S5 (ool lad L plapy 4 Cons SSa S
Bodeo o gVl pleil) b amd )3 5 03,8 di (JSI> (slaayY
alols &S 13 o3l L o) Sen 5 plalyl by cladlls 55 [110]
Bl ilulia Gl Sy cal 9 3,15 melais <ol GO oY
Sass Gial38l b 48 395 o 5 Sl o) ol 3l e wal 1y s
slo FSasS slbys i cglasY los ol ialS a4 5 oY
Mg siile 555 glais b sloyge 395 oSls 53 o 4o KT g Na!
g )50 e cpizman [V b pialS g2 LB jsbos
il ) Y le alold 38y JpuS b aS 5,8 wolb Ko 5 o
xily ol 28 Copte |y ol lagn o b ol g GO
2 b s e 68 cage sl ol alols el &S
o plopen Na™ wile (28 S5 (slagyg 45 Jb )3 0500 Ca”
imd e @) Gl elop 58 5l oyins ) b ol g e s
5 o diaas (ol by (il eloyild o bl ol b 5 asl,
TVV] )05 5,508 55 g 55! (gl

lbygy o (gl 1S 438 slgo g 3,5 i oselS 5 o3lizol —F —F
(o 313

S8 cage (UV) il 9 o b cudblsss s

bl (99 Sl S ol g Wgd e 395 aw ) by Sl

ej o394 « Shy ol Jl soSore sl G g Bliee 9 290 Jsb



IIYY] ciliiseo lgo b 0ws g3 Wilks o8 Wl lie Oyt P Joua

Table 4. Changes in the band gap of titania doped with
different materials.
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Table 5. summary of ion flotation studies using graphene oxide and functionalized graphene oxide nanocollectors.
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Table 6. A summary of the adsorption mechanism between ions and graphene oxide and functionalized graphene
oxide nanocollectors in ion flotation.
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Fig. 5. An overview of the adsorption mechanisms between ions and graphene oxide and functional-
ized graphene oxide nanocollectors in ion flotation.
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Table 7. A summary of the desorption conditions on graphene oxide and functionalized graphene oxide nanocol-
lectors in ion flotation.
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