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Abstract

The separation of an individual plastic from a plastics mix is crucial in plastic recycling management. The selected plastics
available in municipal and industrial wastes, including polycarbonate (PC), poly oxy methylene (POM), and acrylonitrile
butadiene styrene (ABS) pre-irradiated with microwaves for different microwave power %’s at several irradiation times.
The irradiated plastics subsequently conditioned with selected depressants with different concentrations before introducing
into the flotation tank. The effects of the above-mentioned parameters evaluated on the float-sink behavior of the studied
plastics. It revealed that the pre-microwave irradiation of the plastic surface was influential on the float-sink performance of
the studied plastics. The microwave irradiation changed the numbers, capacity, and concentration of the active sites on the
plastic surface. The microwave irradiation reduced 6 (contact angle) values of the un-conditioned plastic surface with studied
depressants for all used plastics resulted in increasing the hydrophilic property of the surface of the plastics. It concluded
that different mechanisms, individually or together, involved for depressant adsorption—desorption on a plastic surface. The
microwave pre-irradiation for some plastics and depressants was beneficial for plastic flotation whenever for other samples, it
helped the plastic to sink at the bottom of the flotation tank. The suggested equations by Design-Expert® software to predict
the plastic flotation % versus studied parameters conformed with experimental results appropriately.
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Introduction

The rapid growth of the end life used plastics in municipal
waste streams became a critical issue for human life [1].
The accumulation of them in the environment is a potential
threat for the ecosystem because several years of need for
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recycling of plastics should done to save material resources,
i.e., oil and coal [2]. Usually, in waste streams, we face a
mixture of plastics. For re-using plastics and returning them
to the production cycle, they should be separated from each
other efficiently [3, 4]. Several separation methods already
been developed, including density difference [5-7]. This
technique is a cost-effective and simple method. However,
it is not an effective technique because most municipal waste
polymers have near densities with each other. Other methods
used, namely, selective plastic dissolution [8—10] and elec-
trostatic [11-13] had their individual drawbacks. The main
drawbacks were the emittance of toxic organic solvents for
the former and the expensive process for the latter. Hence,
the lack of an economical, efficient and simple method for
separating the individual polymer from a mixture of poly-
mers observed.

The flotation separation method was recently proposed
a comprehensive technique for the separation of commonly
used municipal plastics [3, 4]. Although it was using for
mineral ore purification for the last decades [14, 15], how-
ever, for plastic separation, is approximately a new idea and
strategy. The basis of the mentioned method relies on the
selective hydrophilicity alteration of the plastic surface,
making a plastic float or sink in a liquid (water) media ves-
sel. This alteration may accomplish by modification of the
plastic surface physically, i.e., surface microwave irradia-
tion, or by depositing a chemical (depressant) on the plastic
surface. The researchers already studied the latter for separa-
tion of PVC-PET by using DIB and ELO [16], PVC-PET-
POM by CaLS [17], PET-HDPE by DIB [18], PC-PS-POM
using various depressants, including CaLS, TA, Terpineol,
and PDGE [19] and ABS, HIPS, PC, PVC, and PET using
NaCMC, Quebracho, SDS, SCMC, NP-7,DOP,DBS,DIB,
LA, and TX-100 as useful depressants [20-24].

The microwaves, as electromagnetic irradiation, have fre-
quencies between 300 MHz and 300 GHz with wavelengths
from 1 mm to 1 m [25]. They have several applications in
the industry, including rubber recycling (de-vulcanization)
[26-28]. The microwaves are used as a source of energy to
modify (change) the surface properties, i.e., the hydrophilic-
ity of the plastic surface [29]. The reason refers to plastic
surface functional group alteration after microwave irradia-
tion. Also, the modification enables the plastic surface for
more efficient depressant precipitation, i.e., physical adsorp-
tion and or chemical linkage (if any) through changing the
roughness of the plastic surface.

So far, limited published papers available in the literature
for microwave-assisted material flotation. Gan Cheng et al.
[30] reviewed the lignite flotation by several techniques,
including solid surface modification by microwave irradia-
tion. Thanh Truc and co-workers [31] studied on wettabil-
ity change of styrene content plastics in waste streams by
using zinc oxide in combination with microwave irradiation.

Mallampati et al. [32] separated PVC from ASR/ESR waste
stream by flotation technique after surface amendment by
microwave. They concluded that the amounts of hydrophilic
functional groups, namely, carboxyl, ether, and hydroxyl
increased on the PVC surface after microwave irradiation.
The microwave irradiation used to ilmenite surface modi-
fication and consequent flotation by Irannajad and his co-
workers [33]. It revealed that the microwaves were useful
in changing the flotation behavior of the studied material.
Hung et al. [34] developed a novel microwave-assisted
potassium permanganate amendment technique to separate
polycarbonate (PC) from poly methyl methacrylate (PMMA)
and polyvinyl chloride (PVC) waste plastics by flotation.
Other investigations also reported [35-39] on the float-sink
behavior of the several plastics using various depressants,
techniques, and liquid mediums.

To expand the outcomes of scientific research to eco-
nomic commercial application, the used materials should
have three magic characteristics, reasonable cost, accessible
in commercial quantity, and less hazardous for the human
body. Considering the above points, MC, TA, PVA, and PEG
were selected as suitable depressants for study the float-sink
behavior of the selected plastics [3, 4].

The effects of selected depressants, i.e., methylcellulose
(MC), tannic acid (TA), polyvinyl alcohol (PVA), and poly-
ethylene glycol (PEG), individually or in combination with
each other on the flotation of available engineering plastics,
polycarbonate (PC), acrylonitrile butadiene styrene (ABS)
and Polyoxymethylene (POM) in municipal wastes at differ-
ent operative conditions already studied [3]. In this study,
the effects of plastic surface pre-microwave irradiation on
the float-sink behavior of the same plastics with the same
depressants were studied, and the results discussed. The
commercial application of the results as a potential solution
for efficient separation of the selected engineering plastics
in waste streams was the main target of the study.

Experimental
Materials

Table 1 represents the specifications of the used plastics,
polyoxymethylene (POM), acrylonitrile butadiene sty-
rene (ABS), and polycarbonate (PC). The polyvinyl alcohol
(PVA, depressant, BP 20, LIWEI CHEMICAL CO. LTD,
China), polyethylene glycol (PEG, depressant, PEG-400,
Shree Chem, India), methylcellulose (MC, depressant,
274,429 Sigma, average molecular weight, 40,000, SIGMA
ALDRICH, USA), methyl isobutyl carbinol, and tannic acid
(TA, depressant, 100,773, Merck, Germany) were prepared
and used. They initially pre-treated with de-ionized water,
and after drying, they were used for further flotation tests.
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Table1 The specifications of the used plastics, polyoxymethyl-
ene (POM), acrylonitrile butadiene styrene (ABS), and polycarbonate
(PO)

Plastic POM ABS PC
Density (g/cm?) 1.41 1.07 1.20
Surface tension (mN/m) 44.6 42.7 42.9
Granule shape Sphere Sphere Sphere
Diameter (mm) 4 4 4
Supplier Korea Iran Korea

Equipment and Testing Procedure

A laboratory microwave apparatus (GMO-530, Gos-
onic) with a maximum (100%) output power of 900 W,
frequency of 2000 MHz, and internal capacity of 30 L
was used. A total of 60 granules of the mixed plastics (20
from each plastic) were introduced to microwave apparatus
at different output powers for different irradiation times
before conditioning with studied depressants at different
concentrations for 15 min. The total conditioned samples
were introduced into the flotation tank subsequently. The
floatation % of a plastic was calculated as:

floated granules

x 100
20

Floatation% =

Each test repeated three times, and the median value
reported. The employed flotation tank and test proce-
dure are already explained [3, 4]. The dimensions of the
glass-made flotation tank were 20 cm (diameter) by 80 cm
(height). The flotation tank is equipped with an air blow-
ing system (13 cm circular air distributor diameter) with
4 L/minute as air bubble flow rate. The flotation time kept
at two minutes. Figures 2-9 represent the flotation % of
used plastics, POM,PC, and ABS un-conditioned and
conditioned with different concentrations of depressants,
TA,PEG,PVA,and MC without and with microwave irra-
diation at different microwave power %’s and irradiation
times. The contact angle (0) for a water droplet on the
surface of the plastic was measured by a stereo micro-
scope, SZH10 equipped with an Olympus DVP1 camera
with 25X magnitude.

Results and Discussion

The depressants temporarily adsorb on the plastic’s sur-
face in different ways depending on their chemical natures
and plastic surface chemical structure. This process alters
the hydrophobic or hydrophilic properties of the plastic

@ Springer

surface resulting in float or sinks of a selected or a group
of plastics in a floatation media (here, tap water) from a
plastic mix. The float-sink behavior of plastic in a liq-
uid media with a selected depressant also depends on the
surface characteristics of the plastic, including surface
roughness and the type and concentration of the probable
attached functional groups on the plastic surface. How-
ever, it may depend on the plastic particle shape, density
and size (diameter), air bubble coverage on the particle
surface and air bubble rate and size [40].

The microwave irradiation as an economical and envi-
ronment-friendly technique for surface modification of the
polymers was already accepted [41-44]. The microwave
irradiation may change the roughness and morphology of
the plastic surface, facilitate or de-facilitate the depressant
precipitation (adsorption) on the surface depending on the
processing condition. It also alters the concentration and
type of the probable attached functional groups on the poly-
mer surface [43]. Figure 1 illustrates the SEM images for
the surface of POM and PC without and with 100% micro-
wave power %. As observed, microwave irradiation was
influential on the plastic surface roughness sensitively. The
microwave irradiation reduced the surface roughness and
smoothened the plastic surface. This surface modification
alters the adsorption—desorption process of the depressants
on the plastic surface in different ways depending on the
operation condition.

The Effect of Microwave Power % at Different
Depressants Concentrations on the Flotation
of the Selected Plastics

The contact angle, 6 for a water droplet on the surface of
the plastic without any depressant conditioning measured
without and with microwave irradiation with 60% power for
20 s. The corresponding 0 values for POM, PC, and ABS
were 113.1 and 108.8, 106.8 and 102.4, and 113.2 and 108.3.
As observed, the microwave irradiation reduced 0 values
of the plastic surface for all used plastics before condition-
ing with a depressant. It means the microwave irradiation
was effective in increasing the hydrophilic property of the
surface of the plastics. This fact was reconfirmed when the
reader compares the correspondent flotation % values reduc-
tion from 70 to 35, 75 to 40, and 85 to 80% for POM, PC,
and ABS (Figs. 2-9), respectively.

The microwave power % selected as a criterion for the
assessment of the rate of microwave irradiation on the plas-
tic surface alteration. Figures 2—5 depict the POM, PC, and
ABS flotation % at different depressant concentrations at
various microwave power %’s. The flotation tank media pH
kept as 6.5 at ambient temperature. The irradiated plastics
were irradiated by microwaves for 20 s before introducing
to the flotation tank. As observed, in general, microwave
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Fig. 1 The SEM images of POM and PC without and with 100% microwave power %

irradiation was effective on float-sink of all studied plastics
for all used depressants with different values and trends. For
some powers and depressants, the plastic flotation improved,
while in other cases, it was not beneficial for plastic flotation,
and the most plastics sunk at the bottom of the flotation tank.
As an illustration, the maximum flotation of POM shown in
Fig. 2 for different TA concentrations, 400, 800, 1200, 1600,
and 2000 mg/L observed for 60% microwave power % with
the values of 90,90,75,70 and 85%, respectively. The cor-
responding value without using depressant (TA) was 70%.
Unlike POM, Fig. 2 shows sharp deterioration of PC and
ABS flotation with increasing TA concentration. At the same
power % (60%), the flotation % of PC and ABS were reduced
from 55 and 90% without conditioning with TA to the val-
ues of 5 and 20% for 1200 mg/L TA concentration, respec-
tively. The minimum flotation values at different power %’s
belong to the same TA concentration (1200 mg/L) ranged
from 5 to 25% and 15 to 20% for PC and ABS, respectively.
However the minimum PC flotation % was 5% at 20,40,60%
microwave power % for 1200 mg/L TA concentration and
100% power for 2000 mg/L TA concentration (Fig. 2). The

same minimum value also was observed for ABS at 40%
power and 2000 mg/L TA concentration. The maximum flo-
tation value for POM observed at 20% power for 1200 and
1600 mg/L TA concentration with a value of 90%.

As described earlier [3], lower floatation values for
PC when compared with POM refers to stronger bond
strengths between the former in comparison with the lat-
ter with TA molecules.

Because TA has numerous hydroxyl groups in structure,
it hydrolyzes in water rapidly. When conditioned PC and
POM with TA immerse in liquid media (water), the rate of
desorption of adsorbed TA molecules on the POM surface
was more rapid than those of the PC. Hence, the hydro-
philicity property of conditioned POM reduces, and more
POM granules float on the surface of the flotation tank.

For the description of depressant adsorption on a plastic
surface, the reader should have a deep understanding of
the adsorption—desorption process. The following points
are the most important factors which affect the type and
amount of depressant adsorption on a plastic surface
[45-47]:
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Fig.2 The poly oxy methyl-
ene (POM), polycarbonate (PC),

The POM, PC and ABS flotation % versus TA concentration and microwave power %.
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a) The numbers of active sites on the plastic surface

b) The number of depressant molecules adsorbed by an
individual active site.

c) The difference between the enthalpy of adsorption of
different active sites

d) The equilibrium constant for adsorption and desorption
processes

e) The activation energy of adsorbed depressant

@ Springer

f) The Gibb’s free energy of the adsorption process

g) The interaction between depressant molecules with each
other and also with the molecules on the surface of the
plastic.

As observed, the microwave irradiation may be effective
on all or some of the above factors. The authors believe the
microwave irradiation was more effective on the numbers,
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capacity (mono or multilayer adsorbed depressant mol-
ecule), and concentration of the active sites. However, the
more thorough studies should done on this matter in the
future.

Figure 3 shows remarkable flotation for all studied
plastics when irradiated by microwaves and subsequent
conditioning with PEG. The values for POM ranged
between 65% for the sample without PEG and microwave

Fig.3 The poly oxy methyl-
ene (POM), polycarbonate (PC),
and acrylonitrile butadiene 100
styrene (ABS) flotation at
different concentrations of 90
polyethylene glycol (PEG) for 8
various microwave power %’s. 7
The flotation tank media pH
kept as 6.5 at ambient tempera- 6
ture. All plastics were irradiated S
by microwaves for 20 s before 4
introducing to the flotation tank 3
2

1

=]

POM flotation (%)
[T — T — T — B — N — B )

400

Microwave pgwer (%)
20
=40
=60
= 80
0 =100

irradiation to 95% for PEG concentration of 1600 mg/L at
60% microwave irradiation power. The correspondent val-
ues for PC were 55%, without PEG at 60% power to 90%
for 800 and 1200 mg/L PEG without microwave irradia-
tion. Also, the corresponding values for ABS were 70% for
2000 mg/L PEG at 40% microwave irradiation to 100% for
1200 & 1600 mg/L PEG without microwave irradiation.

The POM, PC and ABS flotation% versus PEG concentration and microwave power %.
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It seemed microwave irradiation was not beneficial for
PC flotation, especially for PEG concentrations exceeding
the value of 800 mg/L. The same fact was true for PEG
concentrations over 400 mg/L for ABS flotation (Fig. 3).
However, microwave irradiation was beneficial for the

Fig.4 The poly oxy methyl-
ene (POM), polycarbonate (PC),

and acrylonitrile butadiene 100
styrene (ABS) flotation at
different concentrations of 20

polyvinyl alcohol (PVA) for
various microwave power %’s.
The flotation tank media pH
kept as 6.5 at ambient tempera-
ture. All plastics were irradiated
by microwaves for 20 s before
introducing to the flotation tank

80
70

POM flotation (%)

60

50 i

40 ‘

30 :

20

0 e
0 0

flotation of all plastics (POM, PC, and ABS) for samples
without conditioning with PEG.

Figure 4 clearly showed a combination of microwave
irradiation and conditioning PC and ABS with PVA had an
adverse effect on their floatation and caused them to sink
on the bottom of the flotation tank. It seemed microwave

The POM, PC and ABS flotation% versus PVA concentration and microwave power %.
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irradiation motivated active sites on the plastic surface and
increased the adsorption capacity of the PVA on the surface.
The adsorption of PVA reduced the hydrophobic property
of the PC and ABS surfaces. The maximum and minimum
PC flotation were observed at 100% power without PVA
with the value of 85% and various power %’s for 400 and
800 mg/L PVA without flotation (0%), respectively. The
corresponding values for ABS were 85% without PVA and

Fig.5 The poly oxy methyl-
ene (POM), polycarbonate 100
(PC) and acrylonitrile buta-

diene styrene (ABS) flotation 90
at different concentrations of 80
methylcellulose (MC) for vari-

ous microwave power %’s. The 7
flotation tank media pH kept 6
as 6.5 at ambient temperature.
All plastics were irradiated

by microwaves for 20 s before
introducing to the flotation tank

S o
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microwave irradiation and 5% at 40% power for 2000 mg/L
PVA, respectively. The POM flotation was less affected by
PVA conditioning and microwave irradiation than those
values for PC and ABS. The flotation of POM reduced
from 65 to 30% when plastic granules were irradiated at
40% power and conditioned at a 2000 mg/L PVA solution.
Figure 5 represents the flotation of POM, PC, and ABS
at different microwave irradiation powers for various MC

The POM, PC and ABS flotation% versus MC concentration and microwave power %.
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concentrations. As observed, there was no regular trend, It concluded that a combination of microwave irradia-
and the flotation had different values depending on the MC  tion and depressant concentration was effective on the
concentration and microwave power %. The POM, PC and  floatation of the studied plastics with different adsorption
ABS flotation ranged from 55% (60% power, 800 mg/LL  mechanisms.

MC) to 95% (60% power, 1600 mg/L MC), from 40% (20%

power,2000 mg/L MC) to 85% ( without irradiation for

800 mg/L MC) and 45% ( 20% power, 2000 mg/L MC) to

95% (100% power without MC), respectively.
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The Effect of Microwave Irradiation Time at Different
Depressants Concentrations on the Flotation
of the Selected Plastics

Figures 6-9 depict the flotation of studied plastics, POM,
PC, and ABS at different concentrations of depressants, TA,
PEG, PVA, and MC for various microwave irradiation times.
The flotation tank media pH kept as 6.5 at ambient tempera-
ture. The microwave power selected as 60%. As observed,
the flotation of POM benefited when it was irradiated by

Fig.7 The poly oxy methyl-
ene (POM), polycarbonate (PC),

microwave before conditioning with all studied depressants.
However, increasing the time of irradiation was beneficial
for POM flotation for TA and MC concentrations over
than1200 and 2000 mg/L, respectively (Figs. 6 and 9). For
lower TA and MC concentrations, there was not any distin-
guished trend for the flotation improvement of this plastic.
Unlike TA and MC, increasing the irradiation time deterio-
rated the POM flotation for conditioned plastics with PEG
and PVA for depressants concentrations over 1600 mg/L.
For lower PEG and PVA concentrations, the situation more

The POM, PC and ABS flotation% versus PEG concentration and microwave irradiation time (s).
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Fig.8 The poly oxy methyl-
ene (POM), polycarbonate (PC),
and acrylonitrile butadiene 100
styrene (ABS) flotation at 90
different concentrations of 80
polyvinyl alcohol (PVA) for 7
various microwave irradiation
times. The flotation tank media 6
pH kept as 6.5 at ambient tem- 5
perature. The microwave power 4
was 60%
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or less was the same as TA and MC (Figs. 7-8). The maxi-
mum and minimum POM flotation % ‘s were 95 and 25%
with 20 ( 1600 mg/L PEG) and 80 ( 2000 mg/L MC) second
irradiation time and 1200 mg/L TA concentration without
microwave irradiation, respectively.

Figures 7 and 9 clearly show the lowest flotation variation
for conditioned PC with PEG, and MC at studied irradiation
times, 20, 40, 60 and 80 s. Interestingly, sensible flotation
reduction was observed for conditioned PC with TA and
PVA when irradiation time increased from 20 to 80 s (Figs. 6

@ Springer

and 8). The highest and lowest PC flotation %’s belonged to
1200 mg/L MC concentration with 20 s irradiation time and
1600 and 2000 mg/L TA concentration with 80 s irradiation
time with the values of 95 and 0%, respectively.

The ABS flotation %’s did not influence by increasing
irradiation time for un-conditioned samples sensitively.
The values ranged between 75 to 90%. The above-men-
tioned fact more or less was true for conditioned ABS
samples with PEG and MC at different irradiation times.
The ABS flotation values ranged between 75 to 100%.
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Fig.9 The poly oxy methyl-
ene (POM), polycarbonate (PC),
and acrylonitrile butadiene sty- 100
rene (ABS) flotation at different 90
concentrations of methylcellu- 30
lose (MC) for various micro-
wave irradiation times. The
flotation tank media pH kept as
6.5 at ambient temperature. The
microwave power was 60%
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However, for conditioned ABS samples with TA and PVA
the flotation range was extended to 10 to 85%. The high-
est and lowest flotation %’s belonged to 2000 mg/L PVA
without microwave irradiation and 2000 mg/L TA for 80 s
irradiation time.

From a thermodynamic viewpoint and for spontaneous
adsorption, the sign of Gibbs free energy change in Eq. 1
should not be positive [3]:

AGad = AHad - TASad (1)

where AG,,, AS,;, AH,, and T were Gibbs free energy,
entropy and enthalpy changes of the system during adsorp-
tion, and absolute temperature, respectively. It seemed, the
microwave irradiation influenced the entropy change of the
system by changing the active sites on the plastic surface. If
microwave irradiation increases the entropy of the system,
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Table 2 The suggested equations by a design of experiment software (Design-Expert® statistical software) for floatation % of studied plastics
versus microwave power % (P), used depressant concentration (C, mg/L), and microwave irradiation time (T, second)

Depressant Polymer Equation

Floatability (%)=40.8105640.632210P +0.002168 C+0.792439T — 0.000035PC +0.000000PT +0.000261CT —
Floatability (%)=86.21642-0.141963P — 0.054963 C - 0.657488T — 3.21782E-06PC +0.000000PT +0.000080CT+ 0.0

Floatability (%) =95.91642+0.086277P — 0.041801 C — 0.781427T — 0.000172PC +0.000000PT — 0.000078CT —

Floatability (%) ="71.74922-0.088863P +0.034020 C — 0.636943T — 0.000131PC +0.000000PT'+0.000034CT +0.0020

Floatability (%)=81.19930-0.174209P +0.020837 C — 0.567562T — 0.000079PC + 0.000000PT+0.000113CT+0.0019

Floatability (%)=69.83481-0.021291P +0.005175 C — 0.197834T+0.000048 PC + 0.000000PT + 0.000220CT +0.00012

Floatability (%)="72.66612-0.031494P +0.005603 C — 0.1993937+0.000052PC 4 0.000000PT +0.000220CT +0.00030

TA POM
0.005191P? — 2.84091E-06C> — 0.0109557°
PC
00135P? + 0.000013C? + 0.00421872
ABS
0.001067P2+ 0.000014C?+ 0.006759T*
PVA POM Floatability (%)="70.79661-0.280136P +0.010507 C — 0.7830067 — 0.000121PC +0.000000PT —
0.000160CT +0.003051P? — 1.72484E-06C>+ 0.011086T>
PC Floatability (%)="71.77381-0.394048P — 0.060455 C - 0.685417T — 0.000021PC +0.000000PT —
0.000064CT +0.003125P? + 0.000022C2 + 0.00944972
ABS Floatability (%) =112.46667-0.662113P — 0.063100 C — 1.41492T — 0.000102PC + 0.000000PT —
0.000036CT +0.005492P?+ 0.000026C + 0.01828172
PEG POM
18P?-0.000011C? + 0.0059817°
PC
92P? — 8.16761E-06C>+ 0.0042587*>
ABS Floatability (%) =93.86398-0.208646P +0.012047 C — 0.402113T — 0.000044PC +0.000000PT —
0.000086CT+0.002181P?~ 5.12378E-06C>+ 0.0057067°
MC POM
0P2- 3.50041E-06C2 — 0.0002697°
PC
6P? — 4.76867E-06C? + 0.00040172
ABS

Floatability (%) = 87.11233 +0.028370P — 0.023114 C - 0.1755277+0.000013PC +0.000000PT +0.000166CT + 0.000

140P>+ 6.29058E-06C? — 0.0006247>

then the entropy change will be positive and in case of the
remaining other two parameters (AH,; and T) un-changed,
the sign of AG, will be negative. It seemed microwave irra-
diation was effective on the entropy of the system in different
ways depending on the nature of the plastic surface. The
authors concluded that several important parameters, includ-
ing microwave irradiation strength and rate of irradiation,
along with a complicated phenomenon involve in the flota-
tion of the selected plastics. Table 2 represents the suggested
equations by a design of experiment software (Design-
Expert® statistical software) for the floatation % of studied
plastics versus microwave power % (P), used depressant
concentration (C, mg/L), and microwave irradiation time
(T, second). The design of experiments (DOE) is a suitable
technique to predict a desired property, i.e., floatation %) as
output, with changing the above-mentioned selected input
parameters. The response surface methodology (RSM) with
D-Optimal method used to process the data. The predicted
values were in good conformity with the experimental val-
ues. As an illustration, Fig. 10 compares the predicted values
versus actual experimental values for conditioned PC with
TA. As observed, the predicted floatation % values were
close to actual values.
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Fig. 10 The predicted values versus actual experimental values for
conditioned PC with TA
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Concluding remarks

The pre-microwave irradiation of the plastic surface was
influential on the float-sink behavior of the studied plastics.
The microwave irradiation was effective on the numbers,
capacity (mono or multilayer adsorbed depressant mol-
ecule), and concentration of the active sites. The microwave
irradiation reduced O (contact angle) values of the un-con-
ditioned plastic surface with studied depressants for all used
plastics resulted in increasing the hydrophilic property of
the surface of the plastics. However, for the description of
depressant adsorption on a plastic surface, the reader should
have a deep understanding of the adsorption—desorption pro-
cess. The microwave pre-irradiation for some plastics and
depressants was beneficial for plastic flotation whenever for
other samples, it helped the plastic to sink at the bottom
of the flotation tank. The suggested equations by Design-
Expert® software to predict the plastic flotation % versus
studied parameters conformed the experimental results
appropriately.
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tary material available at https://doi.org/10.1007/s10924-021-02105-6.
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