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Abstract
An energy efficient high throughput pre-treatment of low density polyethylene (LDPE) using a fast reactive
extrusion (REX) assisted oxidation technique followed by bacterial attachment as an indicator for bio-
amenability was studied. Silicon dioxide (SiO2) was selected as a model oxidizing and catalytic reagent
with the REX process demonstrated to be effective both in the presence and absence of the catalyst.
Optimized 5-minute duration pretreatment conditions were determined using Box-Behnken design (BBD)
with respect to screws speed, operating temperature, and concentration of SiO2. The crystallinity index,
carbonyl index and weight loss (%) of LDPE were used as the studied responses for BDD. FTIR and DSC
spectra of the residual LDPE obtained after pretreatment with the REX assisted oxidation technique
showed a significant increase in residual LDPE carbonyl index from 0 to 1.04 and a decrease of LDPE
crystallinity index from 29% to 18%. Up to 5-fold molecular weight reductions were also demonstrated
using GPC. Optimum LDPE pretreatment with a duration of 5 minutes was obtained at low screw speed
(50 rpm), operating temperature of 380-390⁰C and variable concentration of SiO2 (0 and 2% (w/w))
indicating that effective pretreatment can occur under noncatalytic and catalysed conditions. Biofilms
were successfully formed on pretreated LDPE samples after 14 days of incubation.

Furthermore, the technique proposed in this study is expected to provide a high throughput approach for
pretreatment of pervasive recalcitrant PE based plastics to reduce their bio inertness.

1. Introduction
Plastic production has been in continuous growth since their discovery. To date, the global plastic
production has reached 368 million tons giving direct employment to more than 1.56 million people in
Europe [1]. Their remarkable properties and high performances at low market prices mean that plastic
materials are now common-place across the globe. The pervading use of plastics and the absence of
suitable treatments at the end of their life cycle, continues to lead to damaging pollution of the natural
environment. An important example of such consumption is plastic bags which is estimated to be in the
range of 500 billion to 1 trillion plastic bags each year worldwide [2]. Most of these plastic bags are made
from low density polyethylene (LDPE); a polymer widely used in food packaging and agriculture
applications. One of the main characteristics of LDPE is its inertness, which despite being important for
maintaining the stability of the packaged material, critically hinders the natural biodegradation of LDPE
leading to long-term persistence within the environmental. LDPE hence constitutes a major environmental
pollutant with reported threats to wildlife such as blockages in the intestines of different marine animals
and birds [3,4].

The biodegradation of polymers relies mainly on the hydrolytic extracellular enzymes produced by
microorganisms to create lower molecular weight intermediates that can be assimilated and metabolized
by the microorganisms [5]. Chemical and physical modification of the plastic surface including
photooxidation, and ultrasonication enhance their biodegradation via surface modification [5]. As the
initial step microorganisms attach to the surfaces and usually form biofilms, which are complex



Page 3/19

microorganism life structures and communities. It has been shown recently that environmental bacteria
consortia formed biofilms on polyethylene terephthalate (PET) polyester plastic, inducing molecular
changes on the plastic surface and indicating the initial stages of plastic degradation [6]. LDPE is one of
the most bio-inert of the petroleum based plastics and considerable research has been focused on
developing methods to facilitate LDPE biodegradation. It is recognized that the high hydrophobicity, high
molecular weight and absence of chemical groups [7] are the biggest challenges preventing polyethylene
biodegradation. The combination of mechan-thermal and green chemical pretreatments to modify the
physicochemical properties of LDPE and enable amenability to microorganism and enzymatic
interactions is a highly favorable route towards the achievement of biological recyclability of this
polymer. A limited number of studies have shown that pretreatment which oxidizes the surface of LPDE
can lead to compatibility with microorganisms for biodegradation [8,9]. Hypotheses of the facilitation of
carbonyl group formation of microorganism attack during LDPE oxidation in order to degrade LDPE have
been previously proposed [10,11]. Other studies have shown that using additives in polyethylene (PE)
films can induce films’ oxidation causing fragmentation, decreasing the molecular weight and increasing
in wettability of the films thereby, leading to enhanced PE biodegradability [12].

At the industrial level, an important factor to take into account is that continuous processes and reaction
systems are desired for operational reasons rather batch ones [13]. Therefore, pretreatment processes
which can be adopted for continuous operation and pave the way for a more sustainable disposal of
LDPE at the industrial scale are urgently required. Reactive extrusion (REX) is a technique that has been
recently used for the surface modification of polymers and manipulation of their properties [14]. REX
techniques can be operated in continuous modes to provide high throughput polymer treatment, hence
making it industrially favorable. Several studies have evaluated the use of REX as a depolymerization
technique for LDPE. However, most of the REX reactions were carried out under very harsh conditions to
allow complete depolymerization of LDPE. For example, Wallis et al. [15] studied the thermal degradation
described as random breakage of polyethylene in a reactive extruder at various screw speeds (4 – 16
rpm) with reaction temperatures of 400°C and 425°C and polymer melting and residence times of 2 to 3
hours. In another study, Shah et al. [16] also tested the use of different catalyst for the depolymerization
of LDPE in a reactive extruder at temperatures ranging from 250 to 400ºC with a reaction time of 60 min.
Concretely, they used catalysts as SiO2, Al2O3, CaC2, ZnO and MgO during the depolymerization reaction
and found that SiO2 was the most efficient for the conversion process.

In this study, pre-treatment of LDPE using REX assisted oxidation technique followed by assessment of
bacterial adherence and attachment as an indicator for biodegradation is employed. The fast processing
on a timescale of 5 minutes is highly favourable in terms of the energy consumption. Silicon dioxide
(SiO2) was selected as a model oxidizing and catalytic reagent in the REX process which facilitated LDPE
pretreatment in a high throughput fashion. Optimized pretreatment conditions were determined using
Box-Behnken design (BBD) with respect to screw speed, operating temperature, and concentration of
SiO2. The crystallinity index, carbonyl index and weight loss (%) of LDPE were used as the studied
responses for BDD. The responses were chosen based on the desirable characteristics for materials
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undergoing biodegradation as low crystallinity, high hydrophilicity due to carbonyl groups and low mass
material are important indications for enhanced biodegradation. Oxidized residue of LDPE resulting from
the optimized pretreatment process were further exposed to bacterial isolates to assess the efficiency of
the proposed pretreatment in enhancing bacterial attachment to LDPE. The success of the technique
proposed in this study is expected to provide a sustainable high throughput approach for PE based
plastics to improve their biodegradation.

2. Experimental

2.1 Material
LDPE was purchased from Lupolen 1800 S grade (Lyondel Basell, Netherlands). Silicon dioxide (SiO2)
(Ibersil® A-400) obtained from IQE. All other chemicals were of analytical grade. Crystal violet
(hexamethylpararosaniline chloride) and other microbiological media components were obtained from
Sigma-Aldrich (Munich, Germany).

2.2 Pretreatment of LDPE in a reactive extruder
The pretreatment experiments were performed by extruding 5.0 gm of powdered LDPE with varied
amounts of SiO2 in MiniLab II HAAKE Rheomex CTW5 co-rotating conical twin-screw extruder at specified
screw speed and reaction temperature. The retention time of the extrusion process was fixed at 5 min
then samples were taken for further analysis. The weight loss of LDPE was calculated using following
equation:

LDPE Weight loss(%) = (W1 -W2) W1 × 100  (1)
where W1 was LDPE initial weight and W2 was the weight of LDPE residual after REX pretreatment.

2.3 Design of experiment
Two separate three-factor, three-level Box-Behnken designs (Design Expert, trial version 10.0.5.0, Stat-
Ease Inc., Minneapolis, MN) were implemented to optimize LDPE pretreatment using REX technique. The
design involved 15 experimental runs with three center points. The central points were repeated three
times to confirm the normal distribution of the results. The independent factors were screws speed (X1),
operating temperature (X2), and Concentration of SiO2 (X3) and were varied at three levels. The responses
were taken as the calculated crystallinity index, carbonyl index and weight loss (%) of LDPE. The selected
ranges for each independent factor were based on available literature and preliminary experiments (Table
1).  
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Table 1
Variables and levels in Box-Behnken experimental design for

model LDPE pretreatment

  level

Independent variables -1 0 1

X1: Screws speed (RPM) 50 100 150

X2: Temperature (⁰C) 300 350 400

X3: Concentration of SiO2 (wt%(w/w)) 0 1 2

2.4. Assessment of bacterial attachment and biofilm
formation
Pseudomonas aeruginosa ATCC 10332 and defined consortium of three different bacterial strains (P.
aeruginosa ATCC 10332 and two Bacillus sp., namely KIA-19 and FIA-30, form the laboratory collection)
were used to assess their ability to adhere and form biofilms on LDPE samples (Optimized 1, Optimized 2,
untreated control and disposable 1 mL automatic pipette tip widely used in the research laboratories).
Plastic was cut into pieces of approximately the same size and weight (2.5 cm x 1 cm; 200 mg). Plastic
samples were briefly rinsed with ethanol (70%, v/v), dried and aseptically transferred to sterile plastic
tubes (10 mL volume). Standard nutrient rich Luria Bertani (LB) medium (1% (w/v) tryptone, 0.5% (w/v)
yeast extract and 1% (w/v) NaCl) was added to the tubes (2 mL) and this was inoculated with the
overnight culture of bacteria (0.1%, v/v). Tubes were incubated at 37°C, on rotary shaker 70-100 rpm, for
14 days.

After incubation, the amount of formed biofilms was quantified by crystal violet staining (CV) as
previously described in [17] with some minor modifications. Plastic pieces were rinsed with distilled water,
air dried and dyed with 0.1% (w/v) CV solution for 20 min, rinsed with distilled water and air dried. For
distaining 5 mL of 30% (v/v) acetic acid solution was placed into tubes and plastic pieces were added,
vigorously mixed and left at 4°C overnight. Absorbance of the solution was measured at 590 nm using
UV−vis spectrophotometer Ultrospec 3300pro (Amersham Biosciences, USA) as an indicator of the
amount of biofilms formed on the plastic pieces. Plastic pieces were rinsed with water, dried and their
mass and carbonyl and crystallinity indices were determined.

2.5. Instrumental Characterization
The LDPE samples before and after REX pretreatment were analysed by FTIR spectroscopy (Perkin Elmer,
UK) at a spectral region of 4000-600 cm−1. Carbonyl Index was determined based on the obtained results
using baseline method. Ratios of carbonyl peak intensity at 1716 cm−1 to that of the normal C-H bonding
mode at 1376 cm−1 in LDPE were calculated as follows [18],
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  (2)
The thermal behaviour of the LDPE samples was evaluated by a DSC Perkin Elmer 4000 (Perkin Elmer
Washington, Ma, USA) with Pyris Software (Version 13.3.1) under an inert nitrogen stream. About 10 mg
of specimen was sealed in an aluminum pan and the DSC scans were recorded while heating from 30 –
150 ℃ at a heating rate of 10 ℃/min, and then cooled to 30℃. The crystallinity index was calculated
according to the following Equation [19],

Crystallinity index = (∆H  m  /W∆H  m0  ) × 100 (3)

where ∆Hm (J/g) is the heat of fusion of the LDPE sample. ∆Hm0 is the heat of fusion for completely
crystalline LDPE (293 J/g) [20] and W(g) is the weight fraction of residual LDPE in the samples.

3. Results And Discussion

3.1. Experimental design
The model of LDPE pretreatment using REX was studied by response surface methodology. In the current
study, the experimental runs were carried out based on the design plan proposed for the studied
parameters (screws speed, operating temperature and concentration of SiO2). After each run, the
crystallinity index, carbonyl index and weight loss (%) of LDPE were calculated and presented as
responses for each run as shown in Table 2.
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Table 2
Experimental matrix and observed responses for LDPE pretreatment in BBD

  Independent variable Dependent variable

Run X1 (RPM) X2 (⁰C) X3 (wt%) Y1 Y2 Y3

(%)

1 100 350 1 22.34 0.85 64.03

2 100 350 1 22.70 0.92 64.16

3 50 400 1 15.97 0.06 56.79

4 150 300 1 24.16 0.76 61.90

5 100 300 0 23.58 1.94 63.16

6 50 350 2 22.32 1.38 63.84

7 150 350 2 25.12 2.03 55.29

8 100 300 2 25.06 0.41 60.98

9 150 400 1 20.35 0.57 50.33

10 150 350 0 22.67 2.03 64.35

11 100 350 1 23.00 0.80 64.35

12 50 350 0 23.40 2.16 62.62

13 100 400 2 17.51 1.00 50.10

14 100 400 0 16.82 0.48 56.48

15 50 300 1 26.00 0.77 62.53

X1: Screws speed, X2: Operating temperature, X3: Concentration of SiO2, Y1: Crystallinity index, Y2:
Carbonyl index, Y3: Weight loss (%) of LDPE

The studied responses were then tested against different regression models to determine the best-fitting
mathematical model and the significance of varying the process parameters. The quadratic model was
chosen as the best fitting model for the studied responses in comparison to the other models. The
relationship between the crystallinity index (Y1) and carbonyl index (Y2) and the studied parameters;
screws speed (X1), operating temperature (X2), and Concentration of SiO2 (X3) is demonstrated in Table 3.

For crystallinity index (Y1), the coefficients of the quadratic model equation indicated that the increase in
operating temperature led to a significant decrease in the crystallinity index of LDPE residues while the
increase in the screws speed and concentration of SiO2 showed a positive effect. The screws speed’s
interactions with both operating temperature and concentration of SiO2 also showed a significant
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positive efficacy on crystallinity index. On the other hand, the interaction between the operating
temperature and concentration of SiO2 showed a negative effect on crystallinity index. Such results
elaborate that all the studied factors had significant effects on the crystallinity index of treated LDPE
residue. Despite the factorial levels’ values, all the studied factors led to the creation of amorphous LDPE
causing a decrease in the crystallinity index of treated LDPE samples which had an original crystallinity
index of 29.20. Thus, making the LDPE residue favorable for microbial biodegradation. 

For carbonyl index (Y2), both the operating temperature and concentration of SiO2 showed a significant
negative effect on the carbonyl index values while the increase in screws speed had a positive effect.
Alternatively, the screws speed interaction with both the operating temperature and concentration of SiO2

showed significant positive effects on the carbonyl index. Thus, based on the obtained results, it can be
indicated that the interactions of the studied factors led to an increase in LDPE oxidative degradation
which was observed through the increase in the carbonyl index of the treated LDPE residues. 

Percentage of LDPE weight loss (Y3) was used as a response to assess LDPE initial degradation after
REX.  In Table 3, it can be observed that all the independent variables and their interactions influenced
LDPE weight loss significantly with a P-value exceeding 0.05. Additionally, the coefficients of the model
equation showed that the increase in all the studied independent variables and their interactions above a
certain level led to a decrease in LDPE weight loss. Such finding indicate that the weight loss of LDPE is
not necessarily increased with high levels of screws speed, operating temperature or concentration of
SiO2; yet, it requires careful adjustment of these factors' levels in order to obtain the desired initial
degradation percentage.

Table 3: Statistical analysis of measured responses for LDPE pretreatment
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Fitting model Factors Coefficient P-value ANOVA

Crystallinity index (Y1) Intercept 22.68   F = 207.43, 

R2 = 0.9925, Model P-value
˂0.0001, 

P-value of lack of fit = 0.41

X1 0.58 0.0017

X2 -3.52 <
0.0001

X3 0.44 0.0053

X1X2 1.56 <
0.0001

X1X3 0.88 0.0012

X2X3 -0.2 0.1976

X1
2 0.79 0.0023

X2
2 -1.85 <

0.0001

X3
2 -0.09 0.5442

Carbonyl index (Y2) Intercept 0.86   F = 247.60, 

R2 = 0.9937, Model P-value 

= ˂ 0.0001, 

P-value of lack of fit = 0.62

X1         0.13 0.0010

X2 -0.22 <
0.0001

X3 -0.22 <
0.0001

X1X2 0.13 0.0045

X1X3 0.19 0.0007

X2X3 0.51 <
0.0001

X1
2 0.31 <

0.0001

X2
2 -0.63 <

0.0001

X3
2 0.73 <

0.0001

   

Intercept

 

64.18

   

F = 1461.89, 
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LDPE weight loss (%)
(Y3)

R2 = 0.9989, Model P-value 

= ˂ 0.0001, 

P-value of lack of fit = 0.52

X1 -1.74 <
0.0001

X2 -4.36 <
0.0001

X3 -2.05 <
0.0001

X1X2 -1.46 <
0.0001

X1X3 -2.57 <
0.0001

X2X3 -1.05 <
0.0001

X1
2 -1.22 <

0.0001

X2
2 -5.07 <

0.0001

X3
2 -1.43 <

0.0001

X1: Screws speed, X2: Operating temperature, X3: Concentration of SiO2, Y1: Crystallinity index, Y2:
Carbonyl index, Y3: Weight loss (%) of LDPE

The adequacy of the proposed model to describe the crystallinity index, carbonyl index and weight loss of
treated LDPE residues was evaluated and the results are demonstrated in Table 3. A sequential test was
performed and the obtained quadratic model F-values (207.43 for crystallinity index, 247.60 for carbonyl
index and 14611.89 for LDPE weight loss) were large compared to other model terms values in the
equation. Thus, the proposed experimental systems for all responses can be modeled effectively. Based
on the statistics test, high coefficients of determination were observed for all studied responses. The
adjusted R2 values were calculated to be 0.9925, 0.9937 and 0.9989 for crystallinity index, carbonyl index
and LDPE weight loss respectively).

Analysis of variance (ANOVA) was also applied to determine the significance of the model at a 95%
confidence interval. A model is said to be significant if the probability value (p-value) is ˂ 0.05. The p-
values demonstrated in Table 3 for crystallinity index, carbonyl index and LDPE weight loss indicated that
these responses fitted the model well. From the lack-of-fit test the response showed a highly desirable
non-significant lack-of-fit (p˃0.1) with p-values of 0.41 for crystallinity index, 0.62 for carbonyl index and
0.52 for LDPE weight loss.

3.2. Response surface analysis
Response surface graphical plots were generated between the responses obtained for LDPE pretreatment
and the studied independent variables to estimate the effect of combinations of these variables on the
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studied responses. The 3-D and contour plots for crystallinity index, carbonyl index and LDPE weight loss
(%) are demonstrated in Figures 1, 2 and 3. Figure 1 illustrates the dependence of the studied responses
on screws speed and operating temperature. It can be observed that high levels of operating temperature
and low levels of screws speed resulted in a significant decrease in crystallinity index. On the other hand,
increased carbonyl index and LDPE weight loss percentage were detected at 320 to 370⁰C temperature
range along all levels of screws speed. The values of both responses started to decrease at higher
temperatures indicating the importance of adjusting the levels of temperature to obtain desirable degree
of degradation. Thus, based on the obtained results, low screws speed and moderately elevated
temperatures are required for LDPE oxidative degradation.

Figure 2 shows the dependence of the studied responses on screws speed and concentration of SiO2. The
lowest crystallinity index was observed at low levels of both screws speed and concentration of SiO2

while increased values of carbonyl index were observed at low levels of SiO2 concentration and along all
levels of screws speed. On the other hand, high concentrations of SiO2 led to elevated LDPE weight loss
along all levels of screws speed where SiO2 acted as a catalyst in the LDPE degradation process.
Therefore, it can be indicated that low levels of both SiO2 concentration and screws speed are able to
produce desirable results for the crystallinity index and carbonyl index with respect to biodegradation.
Nevertheless, high concentrations of SiO2 is also necessary to increase the rate of LDPE degradation
during the REX process producing a residue of lower mass that can be more easily handled during
biodegradation.

Figure 3 demonstrates the dependence of the studied responses on operating temperature and
concentration of SiO2. It can be observed that the increase in operating temperature led to a decrease in
crystallinity index of LDPE residues despite the concentration of SiO2 which indicates that the
temperature has the upper hand in controlling the crystallinity of the treated LDPE samples. The same
behavior was observed on LDPE weight loss where varying the SiO2 concentration didn’t show a
significant difference in the degradation of LDPE upon interaction with operating temperature. Moreover,
the highest carbonyl index and LDPE weight loss (%) were observed at a temperature range from 300 to
360 ⁰C where further increase in temperature did not show a profound increase in both responses.

3.3. Optimization of LDPE pretreatment via REX technique
All three responses were optimized simultaneously using BBD optimization. Pretreatment optimum
conditions were chosen with the aim of attaining maximum initial LDPE degradation and enhancement
of residual LDPE biodegradation post pretreatment. Based on the BBD results, maximum LDPE weight
loss was observed with LDPE residues of high crystallinity index and high carbonyl index. Alternatively,
based on literature review, enhanced LDPE biodegradation can be achieved through high carbonyl index
and low crystallinity index residues [21]. Bearing such necessity in mind, the pretreatment conditions were
adjusted to attain minimum crystallinity index and maximum carbonyl index and weight loss of LDPE, as
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shown in Table 4. A total of 40 optimized solutions were obtained. The selected solutions were
determined according to their success to attain an acceptable desirability greater than 0.5 for the studied
responses. Two batch experiments were carried out for LDPE pretreatment using the optimized
conditions and the three responses were evaluated to validate the predicted model factors and responses.
The response values (predicted and observed) for the optimized conditions are recorded in Table 4. The
model was proven to be validated since a fine agreement existed between the predicted and observed
results. This indicates the success of the BBD for the evaluation and optimization of the proposed LDPE
pretreatment process.

Table 4
The optimized LDPE pretreatment process with observed and predicted response values

Independent Variable   Optimized level

  Optimized 1 Optimized 2

X1: Screws speed (RPM)   50 50

X2: Operating temperature (⁰C)   380 390

X3: Concentration of SiO2 (wt%
(w/w))

  0 2

Overall desirability   0.65 0.66

Dependent variables Desirability Optimized 1 Optimized 2

Expected Observed Expected Observed

Y1: LDPE crystallinity index Minimize 19.77 20.86 16.70 18.33

Y2: LDPE carbonyl index Maximize 1.47 1.02 1.05 1.04

Y3: LDPE weight loss (%) Maximize 59.94 56.32 57.21 54.23

Moreover, gel permeation chromatography (GPC) was performed to LDPE virgin and optimized REX
treated residues before undergoing bio-adhesion testing. Analysis was carried out using Tosoh EcoSEC
HT-GPC 220 (UK) using an established protocol for assaying. GPC analysis results are presented in Table
5 as values of the weight–average molecular weight (Mw), the number–average molecular weight (Mn),
and polydispersity index (PDI). As shown in Table 5, a significant reduction in the Mw and Mn masses of
LDPE valued by 5 folds for Mw and 3 folds in the case of Mn upon treatment using the proposed
technique. Noticeably, no ultrahigh-Mw polymer was detected in the residual solid indicating the
occurrence of polymer degradation reactions. The PDIs of optimized treated residues were also lower in
comparison with virgin LDPE.
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Table 5
GPC analysis of pretreated LDPE

Sample Mw (103 g/mol) Mn (103 g/mol) PDI

Virgin LDPE 128.4 18.1 7.09

Optimized 1 31.1 6.4 4.85

Optimized 2 23.9 5.8 4.54

3.4. Bacterial adhesion and biofilm formation on optimized
pretreated LDPE
Pseudomonas species were previously shown to induce biodegradation of a variety of in treated
plastics(s) [22]. Recently a consortium with Bacillus spp. was demonstrated to perform favourable
biodegradation of the polyester polymer polyethylene terephthalate [6]. Here, P. aeruginosa was selected
along with two environmental isolates of Bacillus sp. as opportunistic pathogens with substantial
abilities to form biofilms [23]. In the current study, biofilms were successfully formed on pretreated LDPE
samples; Optimized 1 and Optimized 2, after 14 days of incubation. Notably, adhesion and biofilm
formation were 8- and 4-fold lower on untreated LDPE control samples (Figure 4[a]). Weight loss or
change in the carbonyl and crystallinity indices of the LDPE samples during the 14 days of incubation
biofilm attachment was not detected, indicating that while effective bio-adherence and bio-amenability
has been demonstrated, evidence of biodegradation has not been detected. Interestingly, the consortium
exhibited between 2-3-fold lower ability to form biofilms on all samples in comparison to the pure P.
aerugionosa culture. This is in contrast to the similar study of Roberts et al, that used an environmental
consortium of similar composition, and maybe associated with antagonistic effects amongst species
[24]. The fact that Optimized 1 material showed a remarkable ability to adsorb basic, positively charged
crystal violate (CV) stain [25], regardless of the presence of the microorganisms (Figure 4[b]), is evidence
that the REX treatment induced beneficial surface changes which strongly diminish the bio-inert
characteristics of LDPE, supporting a route towards effective sustainable post-consumer LDPE
biodegradation.

4. Conclusion
Bioinert LDPE has been efficiently converted to bio-amenable LDPE using an energy favourable, and
industrially scalable, fast high throughput REX assisted oxidation process. In comparison to virgin LDPE,
ready biofilm formation was demonstrated for REX pretreated LDPE. The developed pretreatment process
was operated for a duration of 5 minutes and optimized using BBD to provide independent variable
values: low screw speed (50 rpm), operating temperature of 380-390 ⁰C and the possibility of both non
catalytic and catalytic conditions using SiO2 concentrations of (0 and 2% (w/w)). FTIR and DSC spectra
of the residual LDPE obtained after pretreatment with the REX assisted oxidation technique showed a
significant increase in residual LDPE carbonyl index from 0 to 1.04 and a decrease of LDPE crystallinity
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index from 29 to 18. Additionally, GPC analysis revealed a significant decrease in the Mw of up to 81% for
treated versus virgin LDPE confirming the occurrence of polymer chains breakdown during the REX
process. Biofilms were successfully formed on pretreated LDPE samples after 14 days of incubation
indicating their potential for further biodegradation. Conclusively, the proposed LDPE pretreatment
approach using REX assisted oxidation technique followed by enhanced biofilm formation presents a
high potential route towards the achievement of industrially scalable post-consumer LDPE
biodegradation.
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Figure 1

3D and contour plots of the effect of the interaction of screws speed (X1) and operating temperature (X2)
on crystallinity index, carbonyl index and LDPE weight loss (%)

Figure 2
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3D and contour plots of the effect of the interaction of screws speed (X1) and concentration of SiO2 (X3)
on crystallinity index, carbonyl index and LDPE weight loss (%)

Figure 3

3D and contour plots of the effect of the interaction of operating temperature (X2) and concentration of
SiO2 (X3) on crystallinity index, carbonyl index and LDPE weight loss (%)
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Figure 4

Biofilm formation on LDPE samples using P. aeruginosa pure culture and consortium consisting of P.
aeruginosa and two Bacillus sp. after 14 days of incubation determined [a] spectrophotometrically using
crystal violet straining; and [b] the appearance of the samples prior to distaining process.


