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ABSTRACT: Removing heavy metals from wastewater has been one of the main challenges in recent
decades, and the ion flotation process has been one of the most effective methods for heavy metals
removing. The advantages of ion flotation are its simplicity, requiring less energy, having high recovery
and selectivity, and by a low concentration of residual metal in the solution. One drawback of ion flotation
is the collector’s high consumption. The purpose of this study is to enhance the recovery of manganese

ions while minimizing the consumption of collectors. In this study, graphene oxide (GO) prepared as a

nanocollector was identified by XRD, DLS, FTIR, and SEM analyses. The effective parameters included  Keywords:

pH, GO concentration, air flow rate, impeller speed, and SDS concentration as an auxiliary collector. | o © .~
The results indicated that a pH of approximately 10 is the most effective for removing Mn ions from Mn Ton Recovery
synthetic wastewater using ion flotation. Other optimal parameters of nanocollector concentration, air

flow rate, impeller speed, and SDS concentration are equal to 25 ppm, 800 rpm, 2 L/min, and 43 ppm, Water Recovery
respectively. Under these conditions, the recovery of Mn ions from synthetic wastewater and water ~Graphene Oxide

recovery were 82.6% and 45%, respectively. The results of this study demonstrated that utilizing GO as  Nanocollector

a nanocollector in the ion flotation method for wastewater treatment has significant advantages such as

high removal recovery, reduction of collector consumption, and reusability of GO.

1- Introduction

Sebba initially proposed ion flotation as a method to
remove and separate aluminum ions. In ion flotation, the
target metal ions (colligends) are absorbed by the hydrophilic
functional groups of the collector with the opposite charge,
adhere to the dispersed air bubbles, form insoluble sediments
(sublates) or soluble complexes, and then are transferred to
the foam phase by the air bubbles [1-3].

Manganese is a heavy metal ion that is essential for
human health and is considered a pollutant when present in
large amounts in the environment. Various industries widely
use manganese compounds. lon flotation has reduced heavy
metal concentrations in aqueous solutions in numerous
studies, but manganese ion flotation has received relatively
little attention [4].

An ascribed drawback of ion flotation is the excessive
consumption of the collector, so the ratio of the collector
concentration to the ion concentration must be at least a one-
to-one stoichiometric ratio, which increases the collector
consumption in the process. The advantages of utilizing
nanocollector for the removal of ions from wastewater
include simple synthesis, low cost, high efficiency, stability
in aqueous solutions, and collector consumption. Research
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indicates that the utilization of graphene oxide (GO) and
functionalized GO as nanocollectors has been successful in
removing heavy metal ions (lead, nickel, copper, cadmium,
and zinc ions) from synthetic wastewater [5, 6].

Peng et al. were able to remove more than 99% of lead
ions from synthetic wastewater using GO as a collector [7].
Hosseinian et al. used AFGO as a nanocollector in nickel ion
flotation, and they were able to remove almost 100% of nickel
ions from synthetic wastewater [5]. Peng et al. removed more
than 99% of copper ions from wastewater by ion flotation
using AMID@GO as a nanocollector [8]. Peng et al. used
IDA@GO as a nanocollector for the selective recovery
of lead ions from electrolytic effluent via ion flotation [9].
Hosseinian et al. used FGO to remove heavy metal ions such
as copper, lead, nickel, cadmium, and zinc [10]. Sobouti et al.
used GO as a nanocollector to remove Zn ions from synthetic
wastewater via ion flotation [11].

The first purpose of this research is to investigate the
efficiency of Mn ion removal from synthetic wastewater using
GO as a nanocollector to reduce collector consumption in ion
flotation. Additionally, the effect of various parameters such
as pH, nanocollector concentration, air flow rate, impeller
speed, and SDS concentration, on the recovery of Mn ions
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Fig. 1. XRD diffraction pattern of GO
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Fig. 2. Zeta potential of GO

and water recovery has been investigated.

2- Methodology

This study utilized GO as a collector, sodium dodecyl
sulfate (SDS) as an auxiliary collector, Mn(NO,),.2H,0 to
create synthetic wastewater with a concentration of 25 ppm,
and sodium hydroxide (NaOH) and hydrochloric acid (HCI)
to regulate the pH.

3- Results and Discussion
3- 1- Characterization of GO

The X-ray diffraction pattern of GO before Mn ions
adsorption in ion flotation process is shown in Figure 1. The
diagram shows that the characteristic peak of GO is at an
angle of 206=12.3, which indicates the distance between the
graphene layers.

Figure 2 shows the zeta potential of GO. According
to Figure 2, GO has a negative zeta potential, and the zeta
potential exhibited a greater negativity as the pH increased
within the tested pH range.
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Fig. 3. EDX analysis of GO (a) before and, (b) after ion
flotation

3- 2- Chemical Parameters

Based on the results, the utilization of GO as a nano-
collector in the removal of Mn ions from synthetic wastewater
in the ion flotation procedure offers. Under optimal
conditions, the following conditions were found to be optimal
for the recovery of Mn ions from synthetic wastewater: a
concentration of GO: 25 ppm as a nanocollector, a pH of 10,
a concentration of 43 ppm of SDS as an auxiliary collector,
an impeller speed of 800 rpm, and an airflow rate of 2 L/min.
In these conditions, the recovery for Mn ions was 82.6%, and
the water recovery rate was 45%.

The scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX) analyses of GO before
and after ion flotation are depicted in Figures 3 (a) and (b).
The EDX analysis indicates that the GO sample before ion
flotation comprises oxygen (O) and carbon (C) atoms, while
the GO sample after ion flotation comprises manganese (Mn),
oxygen (0O), and carbon (C) atoms, confirming the absorption
of manganese ions by GO.
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4- Conclusion

Research results in the field of ion flotation have limited
the application of ion flotation on an industrial scale due
to the high consumption of the collector. This study used a
GO nanocollector to remove manganese ions from synthetic
wastewater, overcoming this limitation. The results showed
that under the optimal conditions of pH=10, GO nanocollector
concentration: 25 ppm, air flow rate: 2 L/min, stirring speed:
800 rpm, and sodium dodecyl sulfonate concentration: 43
ppm, the percentage of manganese ion recovery and water
recovery were 82.6 and 45 percent, respectively.
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Fig. 4. The pH-dependent concentration diagram of Mn ion species

pH=6 pH=10
pH

Jawdgd pauw CARLE (FA PPN 1yl (31,5 SIS iU CUAE) gy yomlishd U 5isin (g0 B ,3 PH ol b pail .00 JSO5
(Y L/min :1ga o5 g A+ TP 3550 G gao VO PP :Ugh guw

Fig. 5. The effect of the pH parameter on the removal of Mn ions by ion flotation (graphene oxide nanocollec-
tor concentration: 25 ppm, SDS concentration: 25 ppm, impeller speed: 800 rpm and air flow rate: 2 L/min).
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Fig. 6. The effect of nanocollector concentration pf graphene oxide on the removal of Mn ions by ion flotation
(pH = 10, SDS concentration: 25 ppm, impeller speed: 800 rpm and air flow rate: 2 L/min).
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Fig. 7. The effect of the impeller speed on the removal of manganese ions by ion flotation (pH = 10, graphene
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rate: 2 L/min).

lga (o> p3b =¥ =Y
e lagy Bl a9 dige e e (o sl
plo g a5 el (V B Y L/min) g calisee gla oo o ol il
Oloj 5 SDS cllalé (5am ooy SIS 9l clale PH wiile 2ol )y
YO ppm A+ 1pm &0 ppm V- b ply o 4 g ol il gl
) 5l oo GalEl b A JSS ulel il a8 )3 jlas 5 4z 8o A
4S9 & b Gl O b3k g 3o (g Bl sk F L/min
cp & M L/MIn Y lga o0 0 Ol ol g 5K e Bls do )y
L/min jl lgn o0 Gisl38l b g do s ¥Y g YA AAY VV/D L ply
Dial3El L L5 el 4Bl i3l 5350 gy o liwe & L/min 4 )
ol pl 9o gralish Jsho 2)ly (synin bols doa (2o
O Jluisl g atdly jl-(yg sl b gt oo Wl oo
Sl 4 g Coled p g 4l SRl ol waw 4 i gg (WSS
oobl [TV 0iSu oo dgae o 1y Fge Jo Cud )l & W9 Jiio
Ll oo Cawas YL/MIN ply lon 8 dipy jloke (5Kie g0 Bl )lode
lop (20 dige jladie ol (b3l 5 5K (g0 Bl jladie elul g

.l ¥ L/min )gl)g

e

Ojed Gy 3 Y Y
Ol oasS” JuS Jole o Solke sladole o (jen o
Coy 5 55 Saile colo o)l dop s 155 ¢ sk, bzl
Co s gy Sl oglaie oy [VP] sl ald Jobo > ST Bl
s 3l B lsis b gl slatale]] 550 (g0 B 2 jjen
5 SDS chle dga (9 gl gl clals PH ol klyd 3 5 (500
oy 59y 2 2l il g Ojer S gl A5 Pl (igslih oo
O3 sy o331 b Ll 0ol ools s VS (0 i e Bl
sldasMe LB job o iKie g Bls doyd Are TPM & Fov
o) 5l dm Bl il Bl sl > YYD 4 ao 3 OYY g wb e Lol
PEID & 5iS5e oy Bl duoyd N ee s TP & (jed Cas s ioljal L
2o yd B0 45 2oy YA 51T bl ¢ blie By y5 il ials as
h 8l Gl sk 53 Yl oo 33l il & (10 1/0 Ly )
ot o)l Sty o Dbl g 5K (g Bl 4 g selish
Jsb > ol il Gl Jods 4 Ae e tpm 5V Gren ey
Jlasl Jloiol (ppizan oo o 1015y (g2 (igmilislh S il b
)1 (St ol (alizel e 4 5 ol s 1 o glopuSliaS
o 2bioo (Il ol v jl oy Jladl Jlast YU Slazsl )

Pydoo Vb yen Copu p3 Bl S p il cage



VEYY B AF0 dotto AT Y Jlo Y o)ledds dF 053 S yuol ()l jos cdiges & puiis

920
80
70
60
50
40
30
20
10

2Lk sy

WS gy Mo

2 3

lg2 2o(L/min)

Jowrdgd o GBS YO PPM tasluST (81,8 SIS ol clale PH=Y+) Sg1 oyamolighd b 3K g Bis 13 192 > 35l A UK
(As e TPM iy 50R Cis w g YO PPN i Ugd g

Fig. 8. The effect of the air flow rate on the removal of Mn ions by ion flotation (pH = 10, graphene oxide nano-
collector concentration: 25 ppm, SDS concentration: 25 ppm and impeller speed: 800 rpm).
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Fig. 9. The effect of the SDS concentration on the removal of Mn ions by ion flotation (pH = 10, graphene oxide
nanocollector concentration: 25 ppm, impeller speed: 800 rpm and air flow rate: 2 L/min).
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Fig. 10. SEM images of graphene oxide, (a) before and (b) after ion flotation and WDX images of graphene
oxide for Mn (c) before and (d) after ion flotation.
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Fig. 11. Energy dispersive X-ray spectroscopy analysis of graphene oxide (a) before and (b) after ion flotation
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Fig. 12. Fourier transform infrared spectroscopy of graphene oxide, a) before and b) after ion flotation
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