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Abstract
The influential separation of an individual plastic from a mixture of waste plastics is a crucial factor for the quality evaluation 
of the recycled product. The selected engineering plastics available in municipal and industrial wastes including, acryloni-
trile butadiene styrene, polycarbonate, and poly oxy methylene microwave irradiated for different microwave powers. The 
irradiated plastics conditioned with the selected dual depressants with different concentrations and after that, they introduced 
into the flotation tank with tap water as liquid media. The effects of microwave power and depressant concentration on the 
hydrophilic-hydrophobic (sink-float) properties of the plastic surface evaluated. It revealed, the microwave irradiation changed 
the capacity (the adsorbed depressant mono or multilayer molecules), numbers, and concentration of the plastic surface active 
sites. It resulted in different sink-float properties of the studied plastics. It was beneficial for the flotation of some plastics 
and depressants. The results evidenced by different techniques including, contact angles (θ), ATR-FTIR spectra, and AFM 
and SEM images. The driven equations by a design of experiment software (Design-Expert Ⓡ ) showed suitable conformity 
between the predicted and actual plastic flotation values.
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Introduction

The annual average growth rate of global plastics con-
sumption was estimated as 6% [1] and, it already reached 
390 million MT by 2020. This massive growth refers 
to replacing plastics with other materials, i.e., metals, 
woods, and ceramics, in daily applications. The plastics 
owe their eligibility to some of the distinguished specifica-
tions compared with other consumable materials includ-
ing, hygienic, lightweight, and cost-effective. Hence, the 
increase of plastics in waste streams is the logical con-
sequence of the consumption growth rate [2]. The avail-
ability of waste plastics may cause environmental severe 
issues because most of them need hundreds of years to 
degrade at ambient conditions. Recycling plastics not 
only reduces their environmental impacts but also saves 
our resources, namely, oil, coal, and natural gas [3]. The 
most plastics are thermoplastic. They have the capability 

to re-melt several times without major deterioration in 
their chemical structures to produce new articles. This is 
the first strategy in plastics recycling known as re-using. 
However, several difficulties usually available in front. The 
plastics in the waste stream typically are not pure, and we 
face a mixture of them in the environment. As any plastic 
has its individual physical properties, i.e., melting temper-
ature, thermal stability, the presence of any impurity may 
alter the properties of the finished (recycled) product [4]. 
The influential separation of an individual plastic from a 
mixture of waste plastics is a crucial factor for the quality 
evaluation of the recycled product. Presently, regardless of 
manual separation, several techniques are used for plastics 
separation including, triboelectric separation [5–7], selec-
tive dissolution [8–10] and, gravity or density separation 
[11–14]. However, the techniques mentioned above suf-
fer from different drawbacks, namely: labor-intensive and 
cost, low efficiency, high operative expenses, and toxic 
operations [1]. The recently developed float-sink (selective 
flotation) technique is an efficient, safe, simple, and cost-
effective and straight forward method for separating indi-
vidual plastic from a mixture of plastics [15, 16]. In this 
technique, a depressant (chemical agent) adsorbs on the 
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plastic’s surface selectively. The adsorption of the depres-
sant on the plastic surface alters the surface energy of the 
polymer, and make it more hydrophilic or hydrophobic, 
depending on the chemical nature of the depressant. If 
liquid media will be water, for the former case, the plastic 
sinks at the bottom of the flotation tank, and for the latter, 
it floats on the top of the liquid media (water). During the 
flotation process of a plastic particle, some air bubbles 
(air bubbles provide by a series of nozzles located at the 
bottom of the flotation tank) attach to the surface of the 
plastic make the density of the bubble-plastic complex 
( �a ) less than the density of the liquid media. The con-
sequence is the flotation of the plastic particle on the top 
of the liquid media surface. The following equation was 
proposed [17]:

where  �p,Vp , Vb and n  are the density and volume of the 
plastic particle, the volume of the bubble, and the number 
of attached bubbles, respectively.

The researchers already studied on float-sink separation 
of PVC, PS and PET [18], POM,PC and ABS [19], PVC and 
PET [20], PVC, PET and POM [21], PET and HDPE [22], 
PC,PS and POM [23] and ABS, HIPS, PC, PVC and PET 
using different depressants [24–28].

The microwave frequencies and wavelengths lie down 
between 300 MHz to 300 GHz and 0.001 to 1 m, respec-
tively [29]. Among various industrial applications, i.e., in 
rubber recycling, microwave irradiation uses for breaking 
the sulfur bridges between macromolecules in vulcanized 
rubber [30–32]. The microwaves modify the plastic surface 
by changing the roughness as well as type and concentra-
tion of the attached functional groups on the plastic surface 
[33]. Only limited previous research activities reported in 
the literature for the flotation of the plastics with the aid of 
the microwave irradiation [34–38]. The studies focused on 
the few plastics and depressants and no systematic study 
observed in related field.

Since 1940, the acrylonitrile butadiene styrene (ABS) 
Plastic was known as a common thermoplastic and it is 
the most popular engineering polymer. It is a copolymer of 
three different monomers acrylonitrile, butadiene, and sty-
rene. It has excellent physical properties including, excel-
lence resistance to chemicals, dimensional stability, and 
creep resistance. The production (consumption) of the ABS 
increases continuously and it reached to the value of 10.8 
million MT in 2016 [19]. Poly oxy methylene (POM) is an 
engineering thermoplastic and it was discovered by a Ger-
man scientist named H. Staudinger in 1953 [19]. Owing to 
unique stiffness, dimensional stability, and low friction, it 
widely uses in the precision parts. Polycarbonate (PC) as 

�a =
�pVp

Vp + nVb

an engineering thermoplastic [19] was used in electronic 
applications widely. It shows perfect electrical insulation, 
flame retardant, and heat resistance properties.

The above-mentioned engineering plastics usually avail-
able in waste streams in mix and they should separate from 
each other for efficient further re-using.

In this study, the surface of several engineering plastics 
including, Poly oxy methylene (POM), polycarbonate (PC), 
and acrylonitrile butadiene styrene (ABS) pre-irradiated by 
microwaves at different microwave level (%). In the next 
stage, their surfaces were conditioned with selected dual 
depressants, methylcellulose (MC), tannic acid (TA), polyvi-
nyl alcohol (PVA), and polyethylene glycol (PEG) at differ-
ent operative conditions before introducing them into the flo-
tation tank. Subsequently, their float-sink behaviors recorded 
and the results discussed. The outcomes of the study may 
use in plastics waste management in commercial scale.

Experimental

Materials

The specifications of the used plastics, poly oxy methyl-
ene (POM), acrylonitrile butadiene styrene (ABS) and poly-
carbonate (PC) shown in Table 1. As observed, the shape of 
all granules were sphere with the same diameter (4 mm). The 
polyvinyl alcohol (PVA, depressant, BP 20, LIWEI CHEMI-
CAL CO. LTD, China), methylcellulose (MC, depressant, 
274429 Sigma, average molecular weight, 40000, SIGMA 
ALDRICH, USA), polyethylene glycol (PEG, depressant, 
PEG-400, Shree CHEM, India) and tannic acid (TA, depres-
sant, 100773, Merck, Germany) were prepared and used. 
All plastics were washed with de-ionized water and subse-
quently well dried before microwave pre-irradiation.

Equipment and Testing Procedure

A 30 L laboratory microwave (GMO-530, GOSONIC) with 
a maximum (100%) output power of 900 W, frequency of 
2000 MHz used to irradiate the studied plastics surfaces. 

Table 1  The specifications of the used plastics, poly oxy methyl-
ene (POM), acrylonitrile butadiene styrene (ABS) and polycarbonate 
(PC)

Plastic POM ABS PC

Density ( g∕cm3) 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
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In total, 60 granules of the mixed plastics (20 from each 
plastic) were introduced into the microwave apparatus at 
different output powers for 20 s. The selected irradiation 
time guarantees the prevention of un-controlled tempera-
ture rise and subsequent deformation of the plastics granule. 
For convenience, the flotation tank media pH kept as 6.5 
at ambient temperature. The residence time of granules in 
the flotation tank was 1 min. The employed flotation tank 
and test procedure explained already [18, 19]. The dimen-
sions of the glass made flotation tank were 20 cm (diameter) 
by 80 cm (height). Each test repeated three times, and the 
median value reported. The flotation tank was equipped with 
an air blowing system (13 cm circular air distributor diam-
eter) with 4 L/minute as air bubble flow rate.

Attenuated total reflectance Fourier transform infrared 
spectroscopy (ATR-FTIR, AVATAR 370FT-IR, TERMO 
Nicolet, USA) analysis was used to study the adsorption 
status of the depressant on a plastic surface. The morphol-
ogy of the plastics surfaces was examined by an MES OEL-
PV 1450 field emission gun scanning electron microscope 
(SEM) with a resolution of 2 nm and 20 kV with a 12 mm 
working distance. The contact angle ( � ) between a water 
droplet (50µL) and the plastic surface measured by a ster-
eomicroscope (SZH10) equipped with a camera (Olympus 
DVP1) with 25 × magnitude. The surface specifications of 
the plastics evaluated by atomic force microscopy (AFM, 
full plus series 0101, ARA, Iran). The samples glued on a 
glassy surface, and the mean difference between the highest 
peaks and lowest valleys ( Rz) was determined and reported.

Results and Discussion

The Effect of Microwave Irradiation on the Plastic 
Surface Characteristics

The selection of the studied depressants as sink-float agents 
refers to their low hazardous, reasonable cost, and avail-
ability in commercial quantity. The physical adsorption of a 
depressant on the plastic surface may change the hydrophilic 
property of the surface resulting in float or sink of the plastic 
particle. However, the float or sink of a plastic particle also 
depends on surface roughness, type and concentration of 
the functionalized group(s) on the surface, particle shape, 
density and size, air bubble coverage on the particle surface 
and air bubble rate and size [39].

Microwave irradiation is an economical and environ-
ment-friendly technique for surface modification of the 
polymers [40–43]. It changes the roughness and morphol-
ogy of the plastic surface, facilitates or de-facilitates the 
depressant adsorption on the plastic surface depending on 
the processing condition. It also alters the concentration 

and type of the probable attached functional groups on the 
polymer surface [42]. As an illustration and to assess the 
effect of microwave irradiation on the surface hydrophilic 
property of the plastic, the contact angles (θ) of a water 
droplet on the POM surface measured. The θ values for 
the plastic mentioned above before and after 100% power 
microwave irradiation were 122 and 118°, respectively. 
As observed, the microwave irradiation reduced θ value of 
the POM surface which means, the microwave irradiation 
increased the hydrophilic property of the plastics surface. 
In the other word, microwave irradiation caused and accel-
erated the migration of some hydrophilic groups to the 
POM surface. Also, conditioning the microwave irradiated 
of POM with 100% power with TA-PVA (dual depres-
sant containing equal weight ratios of TA and PVA with 
total concentration of 800 mg∕cm3) was more effective 
on hydrophilic property enhancement of the POM with 
the θ value of 106. Increasing the TA-PVA concentration 
to 2000  mg∕cm3  reduced the θ value to 105. The above-
mentioned results conformed with flotation % reduction 
of non-irradiated POM from 85% to the values of 75, 15, 
and 0% for irradiated without depressant and with 800 and 
2000 mg∕cm3  TA-PVA, respectively.

Figure 1 shows the SEM (Scanning Electron Micro-
scope) images for the same samples. As observed, micro-
wave irradiation was utterly practical on the roughness 
of the plastic (POM) surface. The microwave irradiation 
smoothened the plastic surface and reduced the rough-
ness. However, the modified surface may facilitate the 
depressant’s adsorption (TA-PVA) on the POM surface. 
The same observations seen from AFM (Atomic Force 
Microscope) images (Fig. 2). As observed, the Rz  value 
for the non-irradiated POM surface was 365.8 nm, which 
was reduced to 97 nm after microwave irradiation. How-
ever, after conditioning the POM surface with TA-PVA, 
the Rz  values again increased to 178 and 165 nm for TA-
PVA concentrations of 800 and 2000 mg/L, respectively.

Figure 3 represents the ATR-FTIR (Attenuated total 
reflectance-Fourier transform infrared spectroscopy) spec-
tra of the mentioned samples. As observed, the microwave 
irradiation changed the type and concentration of some 
functional groups. As an illustration, the observed peak 
around 3400 cm−1 dedicated to the O–H group in contrib-
uted materials, i.e., water, TA, and or PVA. The intensity 
of the mentioned peaks was changed before and after irra-
diation and also after adsorption of TA-PVA on the POM 
surface with two concentrations of 800 and 2000 mg/L. 
As another example, the infrared absorption bands for 
C-O appear at wavelengths 900–1400 [44]. As observed, 
the intensities of the appeared peaks in mentioned wave-
lengths were different for studied samples.
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The Sink‑Float Behavior of the Studied Plastics

The microwave power level (%) selected as criteria for the 
assessing the rate of microwave irradiation on the plastic 
surface alteration. Figures 4, 5, 6, 7, 8 and 9 show the poly 
oxy methylene (POM), polycarbonate (PC), and acrylonitrile 
butadiene styrene (ABS) flotation at different concentrations 
of MC-PVA, MC-PEG, PVA-PEG, TA-PEG, MC-TA, and 
TA-PVA for various microwave power levels (%), respec-
tively. The flotation tank media pH kept as 6.5 at ambient 
temperature. All plastics were irradiated by microwaves for 
20 s before introducing to the flotation tank. Figures 4, 6 
and 7 (only for PC and ABS), 8 and 9 show that the con-
ditioning of the plastic surface with depressants MC-PVA, 
PVA-PEG, TA-PEG, MC-TA, and TA-PVA, respectively, 
reduced the flotation of all plastics dramatically. In the men-
tioned samples, most of the floated plastics sunk at the bot-
tom of the flotation tank after microwave irradiation and 
subsequent conditioning with a depressant. As shown in 

Fig. 4, the flotation of POM, PC, and ABS without depres-
sant and all microwave power %’s ranged between 55–85%, 
65–90%, and 75–95%, respectively. Using the MC-PVA as 
a dual depressant at studied concentrations 400, 800, 1200, 
1600, and 2000 mg/L reduced the flotation % of the men-
tioned plastics POM, PC, and ABS to 5–45%, 0–10%, and 
5–45%, respectively. The corresponding flotation % values 
for MC-TA (Fig. 8) and TA-PVA (Fig. 9) were 0–75% and 
0–40% for POM, 0–55% and 0–35% for PC and 0–55% and 
0–25% for ABS, respectively. The effect of the rest depres-
sants, MC-PEG, PVA-PEG (for POM only), and TA-PEG 
(for POM only) on the flotation of the studied plastics were 
lower when compared with MC-PVA, MC-TA and TA-PVA. 
As an illustration, the flotation of ABS (Fig. 5) without and 
with 400, 800, 1200, 1600 and 2000 mg/L depressant MC-
PEG, were ranged between 75–95%, 60–90%, 55–95%, 
50–95%, 45–90% and 75–95%, respectively.

The initial flotation % of POM, PC and ABS without 
microwave irradiation and without any depressant were 85, 

Fig. 1  The SEM images of four poly oxy methylene (POM) samples 
a without microwave irradiation bwith 100% power microwave irradi-
ation c conditioned with TA-PVA ( 800 mg/L) at 100% power micro-

wave irradiation d conditioned with TA-PVA ( 2000 mg/L) at 100% 
power microwave irradiation
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80, and 90%, respectively (Figs. 4, 5, 6, 7, 8, 9). However, 
after microwave irradiation, their flotation %’s altered to 
the values of 55–85% (POM), 65–90% (PC), and 75–95% 
(ABS) depending on used microwave power. The mini-
mum flotation %’s for POM, PC and ABS were 55 at 60% 
microwave power, 65% at 80% microwave power and 
75% at 60% microwave power, respectively. As observed, 
microwave irradiation and depressant conditioning of the 
plastic surface were influential on the flotation ability of 
all studied plastics. However, the effectiveness was with 
different values and trends. For some microwave powers 
and depressants, the plastic flotation improved, while, in 
some cases, they were not beneficial for the plastic flota-
tion. Instead, they helped the plastics to sink at the bottom 
of the flotation tank.

To describe the adsorption of a chemical (depressant) 
on the plastic surface, a deep understanding of the adsorp-
tion–desorption mechanisms is required [45–47].

As an illustration, the microwave irradiation together 
with aqueous alkaline environment provided by the avail-
able humidity in atmosphere and also, aqueous depressants 
solution accelerated the nitrile and butadiene hydrolysis of 
the ABS [48]. The nitrile and butadiene hydrolysis increases 
the hydrophilicity of the ABS surface and helps the ABS 
granules to sink at the bottom of the flotation tank (Fig. 4). 
Here, the hydroxide group (OH) attaches the nitrile group 
and generates a carboxyl group with an intermediate alcohol 
group [48, 49]. The researcher also should consider several 
more effective factors, including the activation energy of the 
adsorbed depressant, the number of depressant molecules 
adsorbed by an individual effective site, the equilibrium con-
stant for adsorption and desorption processes, the difference 
between the enthalpy of adsorption of different effective 
sites, the numbers of effective sites on the plastic surface, 
the Gibb’s free energy of the adsorption process and the 
interaction between depressant molecules with each other 

Fig. 2  The AFM images of four poly oxy methylene (POM) samples 
a without microwave irradiation bwith 100% power microwave irradi-
ation c conditioned with TA-PVA ( 800 mg/L) at 100% power micro-

wave irradiation d conditioned with TA-PVA ( 2000 mg/L) at 100% 
power microwave irradiation



2829Journal of Polymers and the Environment (2022) 30:2824–2836 

1 3

Fig. 3  The ATR-FTIR spectra of four poly oxy methylene  (POM) 
samples a without microwave irradiation bwith 100% power micro-
wave irradiation c conditioned with TA-PVA ( 800  mg/L) at 

100% power microwave irradiation d conditioned with TA-PVA ( 
2000 mg/L) at 100% power microwave irradiation
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and also with the molecules on the surface of the plastic. 
On the other hand, from a thermodynamic point of view, 
for spontaneous adsorption, the sign of Gibbs free energy 
change (Eq. 1) should not be positive [19]:

where  T  , ΔSad , ΔHad and  ΔGad  were temperature, entropy 
and enthalpy and absolute Gibbs free energy changes of the 
system during adsorption, respectively. Based on the results 
of this study, the authors believe that microwave irradiation 
changes acceptance capacity (mono or multilayer), types, 
and numbers of the plastic surface active- sites. It causes 
the change of the entropy of the system. The entropy change 
may be positive or negative, depending on the processing 
conditions. If microwave irradiation increases the entropy 
of the system, then the entropy change will be positive and 
in case of the remaining other two parameters ( ΔHad and  T ) 

(1)ΔGad = ΔHad − TΔSad

unchanged, the sign of ΔGad may become negative and spon-
taneous adsorption observes. On the contrary, if microwave 
irradiation reduces the system’s entropy, then the ΔGad  may 
become positive and the depressant desorption process will 
be the dominant phenomenon. However, more careful stud-
ies should done to confirm the above-mentioned conclusions 
in the future. It was concluded, the microwave irradiation 
individually, and in combination with depressant concentra-
tion was influential on the flotation of the studied plastics 
with different mechanisms.

Design of Experiment (DOE)

A suitable technique for predicting a desired property as an 
output, with changing selected input parameters is known 
as the design of experiments (DOE) [50]. A Design-Expert 
Ⓡ statistical software was used to process the input data, 
microwave power level (%) and depressant concentration 

Fig. 4  The poly oxy methylene  (POM), polycarbonate (PC) and 
acrylonitrile butadiene styrene (ABS) flotation (%) at different con-
centrations of MC-PVA for various microwave power levels (%). The 
flotation tank media pH was kept as 6.5 at ambient temperature. All 
plastics were irradiated by microwaves for 20 s before introducing to 
flotation tank

Fig. 5  The poly oxy methylene  (POM), polycarbonate (PC) and 
acrylonitrile butadiene styrene (ABS) flotation (%) at different con-
centrations of MC-PEG for various microwave power levels (%). The 
flotation tank media pH was kept as 6.5 at ambient temperature. All 
plastics were irradiated by microwaves for 20 s before introducing to 
flotation tank
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and the output, plastic flotation %. The response surface 
methodology (RSM) with D-Optimal method with the above 
mentioned factors were used to process the data. Table 2 
depicts the suggested equations by Design-Expert Ⓡ statist 
software for flotation % of the studied plastics versus differ-
ent microwave power level (P) and depressant concentration 
(C, mg/L).

Figure 10a and b illustrate the three-dimensional (3D) 
response surfaces to evaluate the interactive effect of micro-
wave power level (P) and depressant concentration (MC-
TA mg/L) on the floatability % of the PC and the predicted 
values by software versus actual value for the same system, 
respectively. Figure 10a represents the following equation 
(Table 2) in 3D:

(2)Floatability(%) = 77.83 + 0.005P−0.11C + 0.00004PC−0.002P2 + 0.000039C2

As an example, Eq. 2 (Fig. 10a) predicts 78 and 2% PC 
flotation for non-irradiated without MC-TA conditioning, 
and with 100% microwave with 2000 mg/L MC-TA con-
centration, respectively. The actual values were 80 and 2% 
(Fig. 8), respectively. As observed, the predicted values 
conformed with the experimental values and actual and 
predicted values were close to each other.

Concluding Remarks

The plastic surface microwave irradiation may change the 
capacity (the adsorbed depressant mono or multilayer mol-
ecules), numbers, and concentration of the plastic surface 
active sites. Consequently, the irradiated surfaces showed 

Fig. 6  The poly oxy methylene (POM), polycarbonate (PC) and acry-
lonitrile butadiene styrene (ABS) flotation (%) at different concen-
trations of PVA-PEG for various microwave power levels (%). The 
flotation tank media pH was kept as 6.5 at ambient temperature. All 
plastics were irradiated by microwaves for 20 s before introducing to 
flotation tank

Fig. 7  The poly oxy methylene  (POM), polycarbonate (PC) and 
acrylonitrile butadiene styrene (ABS) flotation (%) at different con-
centrations of TA-PEG for various microwave power levels (%). The 
flotation tank media pH was kept as 6.5 at ambient temperature. All 
plastics were irradiated by microwaves for 20 s before introducing to 
flotation tank
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different hydrophilic-hydrophobic (sink-float) properties. 
It was beneficial for the flotation of some studied plastics 
and depressants. The results evidenced by different tech-
niques including, contact angles (θ), ATR-FTIR spectra, 
and AFM and SEM images. The driven equations by a 

design of experiment software (Design-Expert Ⓡ ) showed 
suitable conformity between the predicted and actual plas-
tic flotation values. The PC separated from the plastics mix 
using MC-PVA for all studied concentrations and micro-
wave power levels effectively.

Fig. 8  The poly oxy methylene  (POM), polycarbonate (PC) and 
acrylonitrile butadiene styrene (ABS) flotation (%) at different con-
centrations of MC-TA for various microwave power levels (%). The 
flotation tank media pH was kept as 6.5 at ambient temperature. All 
plastics were irradiated by microwaves for 20 s before introducing to 
flotation tank

Fig. 9  The poly oxy methylene  (POM), polycarbonate (PC) and 
acrylonitrile butadiene styrene (ABS) flotation (%) at different con-
centrations of TA-PVA for various microwave power levels (%). The 
flotation tank media pH was kept as 6.5 at ambient temperature. All 
plastics were irradiated by microwaves for 20 s before introducing to 
flotation tank
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Table 2  The suggested 
equations by a design of 
experiment software (Design-
Expert Ⓡ ) for flotation % 
of studied plastics versus 
microwave power % (P) and 
depressant concentration (C, 
mg/L)

Depressant Plastic Suggested equation

MC-PEG POM Floatability (%) = 88.79 − 0.14P − 0.03C − 0.0002PC − 0.002 P2 + 0.000013 C2

PC Floatability (%) = 90.55 − 0.02P – 0.04C − 0.0002PC − 0.002 P2 + 0.000015 C2

ABS Floatability (%) = 97.14 − 0.14P − 0.02C − 0.0001PC − 0.00004 P2 + 0.000014 C2

MC-TA POM Floatability (%) = 82.91 − 0.20P − 0.09C + 0.0002PC − 0.001 P2 + 0.000027 C2

PC Floatability (%) = 77.83 + 0.005P − 0.11C + 0.00004PC − 0.002 P2 + 0.000039 C2

ABS Floatability (%) = 83.47 + 0.12P − 0.11C − 0.00005PC − 0.002 P2 + 0.000041 C2

PVA-MC POM Floatability (%) = 72.87 − 0.11P − 0.07C + 0.00004PC − 0.0003 P2 + 0.000023 C2

PC Floatability (%) = 68.05 − 0.05P − 0.12C + 0.00004PC + 0.002 P2 + 0.000045 C2

ABS Floatability (%) = 76.71 − 0.03P − 0.11C + 0.0001PC + 0.001 P2 + 0.000041 C2

PVA-PEG POM Floatability (%) = 98.84 − 1.44P − 0.04C + 0.0001PC + 0.012 P2 + 0.000016 C2

PC Floatability (%) = 76.79 − 0.60P − 0.11C + 0.0002PC + 0.006 P2 + 0.000041 C2

ABS Floatability (%) = 86.11 − 0.45P − 0.09C + 7E − 06PC + 0.005 P2 + 0.000035 C2

PVA-TA POM Floatability (%) = 76.52 − 0.46P − 0.09C + 5E − 07PC + 0.003 P2 + 0.000031 C2

PC Floatability (%) = 69.56 − 0.0009P − 0.11C + 0.00001PC − 0.0004 P2 + 0.000041 C2

ABS Floatability (%) = 76.52 − 0.06P − 0.11C − 8E − 06PC + 0.0008 P2 + 0.000041 C2

TA-PEG POM Floatability (%) = 87.18 − 1.25P − 0.04C − 0.00002PC + 0.013 P2 + 0.000019 C2

PC Floatability (%) = 72.57 − 0.38P − 0.10C − 0.00004PC + 0.006 P2 + 0.000042 C2

ABS Floatability (%) = 83.55 − 0.43P − 0.06C − 0.00004PC + 0.005 P2 + 0.000019 C2
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Fig. 10  a The three-dimen-
sional (3D) response surfaces 
to evaluate the interactive effect 
of microwave power % (P) 
and depressant concentration ( 
MC-TA mg/L) on the floatabil-
ity % of the PC. b The predicted 
values by software versus actual 
value for the same system
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