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Introduction
Recycled polypropylene (rPP) is increasingly used as a secondary raw material in circular economy value chains, 
yet  its  industrial  adoption  remains  limited  by  batch-to-batch  variability  and  contamination,  particularly  by 
polyethylene (PE). Such variability affects not only material performance but also production planning (MRP) 
and quality assurance, where inconsistent recyclate properties and volatile availability challenge conventional 
material requirements planning approaches [1]. As Omair et al. (2025) highlight, this manifests as in increases 
supply chain vulnerability by amplifying uncertainty in lead times, batch consistency, and planning reliability,  
thereby stressing MRP and production planning processes [1]. Recyclers often apply additive packages such as 
peroxides for controlled rheology and antioxidant stabilizers originally developed for virgin polymers. However, 
in mixed polyolefin systems, these additives may interact with contaminants in unintended ways.

This  study investigates  the  combined influence of  PE contamination,  peroxide-based rheology control,  and 
stabilizer additives on a commercially relevant recycled PP copolymer (rPP-co) derived from post-consumer 
expanded PP (EPP) packaging. By linking laboratory-scale material behavior to industrial processing practices,  
the  work aims to  support  more  robust  recyclate  specification,  compounding  strategies,  and  quality  control  
practices for advanced recycling applications.

Materials and Methods
Material: rPP-co granulate sourced from post-consumer EPP boxes. rPE-LLD sourced from non-woven fiber.  
Compounding: Twin-screw M-Tech Eurolab16 extruder; barrel temperature 205 ± 5 °C; nozzle pressure limit 100 
bar. Formulations: systematic variations in (i) rPE-LLD content, (ii) peroxide additive (10 wt% active), and (iii)  
antioxidant stabilizer (20 wt% active). Characterisation: (a) Melt Flow Index (MFI) at 230 °C, 2.16 kg (ISO 1133-
A), 4 replicates per sample; (b) Tensile testing on ISO 527-2 type 5A injection-moulded specimens (crosshead 
speed 100 mm/min, 25 ± 1 °C), 7 replicates per sample; (c) Differential Scanning Calorimetry (DSC) for Oxidation 
Induction Time (OIT) per ISO 11357-6, using a TA-Q2000 (200 °C, 100 min). 

Results
Melt Rheology (MFI): rPE-LLD additions alone produced modest viscosity changes (+13.5% at 30 wt% rPE).  
Peroxide at 1 wt% increased MFI by ≈400%, consistent with chain scission in the PP-co matrix. In combined rPE 
and peroxide formulations, MFI decreased with increasing rPE wt%, indicating that peroxide-induced crosslinking 
within the rPE fraction and chain scission within the PP-co fraction both are activated, and exert competing effects 
on MFI. The stabilizer had minimal measurable impact on MFI, even in the presence of peroxide. 

Mechanical Performance: Peroxide generally increased ductility (~15% vs. base material), yet the combination of 
high rPE (30 wt%) and 1 wt% peroxide led to severe embrittlement, measured as a decrease from 402% to 115% 
strain at break, as compared to unmodified PP-co. In the absence of peroxide, the 30 wt% rPE batch measured an 
average strain at break of 366%. Yield strength exhibited slight reductions across modified batches but remained 
within a narrow range. 

Thermal Stability: OIT measurements confirmed the stabilizer’s efficacy in preventing oxidation within the  
experimental timeframe; peroxide had no apparent influence on OIT under the test conditions.



Discussion 
Industrial supply chains often involve multiple SMEs, which face significant hurdles when sourcing recycled 
polymer  streams.  Prior  research  has  shown  that  recycled  plastics  introduce  higher  variability  in  quality, 
composition, and lead times than virgin materials, complicating material requirements planning and increasing 
operational risk, particularly for firms with limited testing and verification capabilities [1]. Recycled plastics often 
remain legally classified as waste until end-of-waste criteria are fulfilled. This affects traceability requirements,  
documentation, and downstream market acceptance. The Joint Research Centre has identified these regulatory 
thresholds as critical  barriers  to achieving consistent  recyclate quality and large-scale industrial  uptake [2]. 
Variability occurs not only across suppliers but frequently at the batch level, making it difficult to secure large,  
uniform lots of material. This inconsistency is compounded by the limited technical testing and verification 
capabilities typical of SMEs, for whom the burden of quality assurance often exceeds available resources, creating 
bottlenecks for adoption. Addressing these challenges requires efficient and scalable testing and verification  
regimes, potentially supported by shared infrastructure, standardized protocols, and digital traceability to build 
confidence in secondary material streams.

The data reveals a set of practical trade-offs relevant to operators of material recovery facilities (MRFs), recyclers, 
and converting plants seeking higher recycled content shares. PE contamination must be accounted for when 
applying additives, as it interacts with peroxide used for controlled-rheology PP-co in ways that alter melt flow 
and  mechanical  performance.  These  findings  suggest  that  conventional  specification-based  procurement 
approaches  relying  on  limited  rheological  indicators  may  be  insufficient  without  explicit  consideration  of 
contaminant fractions and additive histories, supporting calls to revisit material planning assumptions developed  
for virgin polymers [1]. From an advanced recycling perspective, the results underline the need for coordinated 
feedstock control, adaptive compounding strategies, and transparent recipe governance to mitigate batch-to-batch 
variability and reduce downstream processing risks.

Practical Implementation and Recommendations
Based on the observed variability and embrittlement risk, the industrial partner initially adopted a conservative 
PE contamination threshold, and eventually discontinued peroxide treatment altogether, in favor of bringing the 
PP-co to market at lower MFI, which provided more stable behavior. 

Conclusion
Recycled PP-co properties are strongly influenced by the interplay of PE contamination, especially in the presence 
of peroxide additives. Peroxide offers powerful leverage over melt flow and ductility but may result in brittle  
behavior in the presence of elevated PE content, while stabilizers secure oxidation resistance, even in the presence 
of peroxides. Future work should develop predictive models that link compositional signatures and additive 
histories to rheology and mechanical outcomes and validate adaptive dosing strategies in pilot-scale production.
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