
RECYCLED POLYPROPYLENE RAFFIA WASTE FOR INJECTION 
MOLDING: PROCESSABILITY AND LIFE-CYCLE IMPACT 

Angie Mendoza López - Facultad de Ingeniería Mecánica y Ciencias de la Producción. 
Laboratorio de Procesamiento de Plásticos, ESPOL.  

Génesis Malagón Vera - Facultad de Ingeniería en Mecánica y Ciencias de la 
Producción, ESPOL. 

Irina Ñacato Arias – Facultad de Ingeniería Mecánica y Ciencias de la Producción. 
Laboratorio de Evaluación de Materiales, ESPOL. 

Estephany Adrián - Facultad de Ingeniería Mecánica y Ciencias de la Producción. 
Laboratorio de Procesamiento de Plásticos, ESPOL. 

Sebastián Ponce – Departamento de Ingeniería Química, Colegio de Ciencias e 
Ingenierías, USFQ. 

Andrés Rigail Cedeño – Facultad de Ingeniería Mecánica y Ciencias de la Producción. 
Laboratorio de Procesamiento de Plásticos, ESPOL. 

 

Abstract 

This study examines the utilization of polypropylene raffia (RPP) waste from the shrimp industry as a viable feedstock 

for injection molding, addressing one of the most abundant post-consumer residues in Ecuador's coastal sector. 

Ecuador is the world's leading shrimp exporter, with over 120 million polypropylene sacks distributed annually across 

agribusiness, aquaculture, food, and construction sectors, making the shrimp industry the most significant consumer. 

Blends of post-consumer raffia polypropylene sacks with virgin polypropylene (PP), recycled low-density 

polyethylene (rLDPE) sacks, and isotactic polypropylene-based additives (IPE, Vistamaxx 8880 and 6502) were 

compounded using a torque rheometer. These blends were then characterized through melt flow index measurements, 

tensile testing, and life cycle assessment (LCA). Incorporating 5–10 wt% IPE significantly reduced peak torque and 

specific energy consumption by over 40%, stabilized fusion behavior, and lowered processing temperatures and fusion 

time. These improvements would facilitate faster melt flow, shorter cycle times, and enhanced processability of 

heterogeneous waste-derived inputs. Compatibilization with IPE enhanced the homogeneity of the material and 

partially restored tensile strength that had been compromised due to contamination. The maximum tensile strength 

improved to values ranging from 8 to 10 MPa, and elongation values between 0.8 and 1.4% were achieved as reported 

in the recycled raffia composites. By integrating transportation, end-of-life scenarios, and Ecuador’s specific 

electricity mix, the assessment would provide a robust benchmark for circular economy strategies. In fact, embodied 

energy was reduced by up to 22% and carbon footprint by 32% for a representative drawer case study. The dominant 

contributions to impact reduction stem from decreasing virgin resin production, lower processing demands, and 

closed-loop substitution potential at end-of-life. These findings provide scientific and industrial evidence that shrimp 

raffia waste can be transformed into sustainable, cost-efficient injection-molding feedstock, contributing to circular 

economy strategies in Ecuador and similar contexts. The inspiring environmental benefits of this research underscore 

its potential to impact sustainability and resource conservation significantly. 

 

Introduction and Motivation 

Global plastic production continues to increase annually, driven by industrial demand and consumer use. In 2022, 

global output reached about 400 million metric tons (Mt), with polypropylene (PP) representing around 19% of this 

total[1]. In Ecuador, millions of polypropylene sacks are distributed each year in sectors such as agribusiness, 

aquaculture, food, and construction, with the shrimp industry being the largest consumer. A report by the Inter-

American Development Bank (IADB) for Ecuador highlights that within the plastics and rubber sector, there are 

identified opportunities such as polypropylene sacks, containers for domestic use, construction materials, and coolers 

for shrimp[2]. As plastic production grows, the environmental burden of plastic waste is also intensifying, with 

mismanaged plastic waste reported at 267.7 Mt in 2023[1]. A significant portion of this waste can end up in marine 

environments, including polypropylene raffia sacks widely used in shrimp farming. 



Currently, recycled polypropylene is mainly applied in low-engineering products[3] such as plastic lumber, which in 

Ecuador has been used to fabricate parks and other outdoor furniture. Polypropylene raffia is an extruded material 

typically exhibiting melt flow indices between 2 and 6 g/10 min[4], depending on whether mechanical strength or 

processability is prioritized. These grades were originally designed for woven sack production, not for injection 

molding. However, there is an increasing industrial and environmental interest in upgrading the value of recycled 

raffia through the development of products that meet higher performance and design requirements, such as injection-

molded parts[5] for packaging, furniture, domestic, and industrial components. The key challenge lies in converting 

recycled polypropylene into injection-grade feedstock without inducing excessive material degradation from 

shear/friction or requiring high energy consumption[6]. 

A potential alternative explored in this study is the production of a recycled polymeric compound suitable for injection 

molding (e.g., industrial crates and drawers) using shrimp-industry polypropylene raffia (60 wt%), virgin 

polypropylene, recycled low-density polyethylene (rLDPE), and an isotactic polypropylene-based additive with 

random ethylene distribution (IPE). These additives are intended to improve flow behavior and compounding during 

injection processing and enhance mechanical properties (e.g., stiffness and strength), which are often compromised 

during recycling[7]. The main motivation is to demonstrate that locally available raffia waste can be transformed into 

an injection-molding feedstock that is technically viable, energy-efficient, and environmentally advantageous for non-

critical applications. To this end, the work evaluates the effect of IPE content on fusion behavior, torque, specific 

energy consumption and rheological response of polypropylene raffia-based blends and links these processing changes 

to potential reductions in embodied energy and carbon footprint through a screening life cycle assessment. 

 

Review of Related Work 

Recycling of polypropylene packaging and raffia sacks has traditionally targeted low-engineering applications, where 

dimensional stability and surface quality requirements are less stringent. In a study on recycled polypropylene, it was 

found that incorporating recycled material in low-to-moderate proportions into virgin polypropylene allows for a good 

balance of properties such as improved crystallinity, yield strength, and thermal stability[1]. In contrast, a higher 

recycled content would indicate the need to reintroduce stabilizers. Stoian et al [5] propose that the most suitable 

strategy for reintegrating raffia-grade recycled polypropylene into engineering applications is to use blends containing 

about 30–50% virgin PP, since this proportion significantly enhances mechanical properties, melt flow index, 

crystallinity, and thermal stability, without causing severe structural or thermal degradation, thus enabling its use in 

high-performance applications. Bernagozzi et al. [3] reported that repair additives can improve flow characteristics 

and processability of degraded PP. These additives can partially recover the viscosity and extend the useful life of 

recycled streams. Additionally, blends containing up to 70 wt% recycled PP can retain properties similar to those of 

virgin materials. 

Polyolefins such as polyethylene (PE) and polypropylene (PP) are the two most widely used plastics across industries, 

and cross-contamination between them is a common issue in recycling streams[8]. Formulations containing around 

87.5 wt% PP and 12.5 wt% PE have been reported[1] to improve mechanical strength, UV resistance and barrier 

performance. Accurate determination of PP and PE content in polyolefin blends, using techniques such as DSC 

combined with advanced data analysis, has also been highlighted as essential for process control and quality assurance 

in recycled compounds [8]. These findings suggest that carefully designed PP/PE blends could be a viable route for 

valorizing mixed polyolefin waste if phase separation and degradation are controlled[9]. 

 
From a packaging perspective, both PP raffia and LDPE sacks are short-lived industrial products (service lives ≤6 

months), which makes their effective incorporation into recycling schemes particularly relevant [10]. Design-for-

recycling guidelines—such as those from RecyClass, the Association of Plastic Recyclers (APR), and the Golden 

Design Rules—converge on promoting mono-material structures with high polymer purity (>80–90 wt%) and the use 

of recycling-compatible components[11]. For woven PP bags and flexible films, these frameworks emphasize 

minimizing incompatible layers, inks, and additives to ensure compatibility with established polyolefin recycling 

streams and to improve their reintegration into circular value chains[8], [11]. 

Among isotactic polypropylene-based elastomeric (IPE) modifiers, Vistamaxx™ 6502 and Vistamaxx™ 8880 are 

particularly relevant for the present work. Both are metallocene-based propylene elastomers with random ethylene 

distribution, showing good compatibility with PP and PE and acting as efficient flow and toughness modifiers. 



Vistamaxx 6502[7] combines low density with very high melt flow (≈45 g/10 min at 230 °C/2.16 kg) and elastomeric 

behavior, making it suitable for compounding and injection molding, while Vistamaxx 8880[7] is a very low-viscosity 

grade widely used in hot-melt adhesives and polyolefin modification. The rheological profile of IPE grades like 

Vistamaxx 6502 and 8880 can reduce melt viscosity, torque, and specific energy consumption while improving 

ductility in recycled PP raffia/PP/rLDPE blends. However, most data refer to virgin or lightly contaminated 

polyolefins with limited evidence for high-content post-consumer raffia blends. Additionally, there is a lack of studies 

connecting torque rheometry, melt flow behavior, and specific energy consumption with the mechanical performance 

and environmental indicators of injection-molded parts made from these compounds, which are addressed in this work.  

The present work builds on this body of literature by focusing specifically on shrimp-industry raffia waste and by 

coupling processing and rheological analysis of RPP/PP/rLDPE/IPE blends with a screening life cycle assessment. 

This approach seeks to close existing gaps regarding the simultaneous optimization of processability, mechanical 

performance and environmental impact in recycled polypropylene raffia compounds for injection molding. 

 

Technology Approach 

Materials 

Post-consumer raffia polypropylene sacks with a melt flow index (MFI) of 8.351 g/10 min (230°C/2.16 kg) were 

donated by Nicovita S.A. This company uses raffia sacks to store balanced feed for shrimp and fish in Guayaquil, 

Ecuador. The compatibilizer VISTAMAXX 8880 (density: 0.879 g/cm³; melt flow rate [230 °C/2.16 kg]: 10–

60 g/10 min) and VISTAMAXX 6502 (density: 0.865 g/cm³; melt index [190 °C/2.16 kg]: 21g/10 min) (IPE) was 

supplied by ExxonMobil. Virgin polypropylene PP COPO AI MI LOTTE CHEMICAL JM-375 with an MFI of 

45 g/10 min to stabilize melt flow behavior during processing, was donated by Pycca S.A. Additionally, recycled low-

density polyethylene (rLDPE) sacks (MFI: 2.7 g/10 min). The recycled LDPE material was used to package the pellets 

from which the PP was obtained. The formulations used are detailed in Table 1. 

 

SAMPLE RPP [%] PP [%] RLDPE [%] IPE [wt%] 

RPP 100 0 0 0 

RPP + PP 60 40 0 0 

COMPOSITE 60 40 15 0 

85 

COMPOSITE + IPE 

8880 

60 40 15 5 

85 

COMPOSITE + IPE 

8880 

60 40 15 10 

85 

COMPOSITE + IPE 

6502 

60 40 15 5 

85 

COMPOSITE + IPE 

6502 

60 40 15 10 

85 

RPP, raffia sacks: intertwined plastic fibers; PP, polypropylene; IPE, isotactic polypropylene with random ethylene distribution; RLDPE, post-consumer sacks low-density 

polyethylene. 

 
Table 1. Recycled Polypropylene Raffia Sacks with additive composite formulations 

 

 

 

 



Torque Rheometry 

The composites were prepared using a Brabender Plastograph EC torque rheometer, as seen in Figure 1, operating at 

a processing temperature of 190 °C and a rotor speed of 90 rpm. The equipment Mixer Program measured loading 

torque, maximum torque, and specific energy consumption (SEC) for each blend. Shear viscosity and shear rate were 

calculated empirically, following previously described methods. All experiments were carried out in triplicate to 

ensure repeatability, and the values reported correspond to the mean of the obtained data. 

 

 

Figure 1. Scheme of experimental processing 

 

Melt Flow Index 

The rheological melt index test was performed using an XNR-400 JINJIAN MELT FLOW INDEXER. 10g of the 

extruded materials were prepared for each sample. The runs were conducted at 230°C and a piston load of 2.16kg, 

parameters standardized by the ASTM D1238 standard. 

 

Mechanical Testing 

Tensile properties were assessed following ASTM D638 in Shimadzu AG-IS (10 kN) universal test frame. Data was 

collected and processed through TRAPEZIUM2 V2.24 software, applying a test speed of 50mm/min. 

 

Eco-Audit 

Ashby [12] provides a straightforward methodology for evaluating energy demand and carbon emissions throughout 

a product’s life cycle. The analysis phases include material, manufacturing, transportation, use, and end-of-life 

disposal, based on the equations presented by Loor et al. [13]. These equations serve to standardize the calculations 

within the eco-audit, ensuring comparability across scenarios and providing a simplified framework for translating 

material and process data into consistent energy and carbon indicators. Ashby’s eco-audit methodology was adopted 

as a screening LCA to ensure consistency and comparability when local primary data are incomplete; however, we 

acknowledge limitations in applying this approach to the Ecuadorian context, particularly differences in the electricity 

mix, transport distances, end-of-life practices, and plant efficiencies, which means results should be interpreted as 

relative trends rather than absolute values. 

 

Discussion 

Table 2 presents the results of the rheological analyses for each blend. As shown in Figure 2 a), the torque peak 

decreases in the blends containing both IPE. This reduction is attributed to the low viscosity of the additives. When 

added in small amounts to extrusion-grade polypropylene, IPE results in a significant decrease in the initial torque[14]. 

IPE 8880 has been observed to homogenize the temperature during extrusion processing[15], as observed in the stock 

temperature (Figure 2) b) at the end of processing. This effect reached its minimum value of 12.725 Nm by adding 



10% of the additive. Figure 2 a) illustrates how the stability of the compounds improves with the incorporation of the 

additive 8880 at both 5% and 10%, compared to the raffia polypropylene blends and the blends with IPE 6502. This 

improvement in processability is attributed to the 8880 additive’s ability to dampen the effects of temperature 

fluctuations, allowing for a flatter and more stable melting profile throughout the mixing process[16]. It is important 

to note that the composite made from polypropylene raffia and recycled LDPE achieves torque stabilization that is 

comparable to blends containing additive percentages. Huiying Jin [17] detailed that the branched chain structure of 

LDPE promotes crosslinking mechanisms during the recycling process, thereby increasing viscosity with successive 

extrusion cycles. IPE 6502 and 8880 work well with polypropylene and polyethylene. This compatibility helps prevent 

phase separation issues when rLDPE is added to the blends[9]. As a result, both IPE promoted a more homogeneous 

matrix. This led to better processability behavior IPE reduced the torque during melt blending, which means lower 

temperatures are needed. This happens because it lessens the heat created by mixing processes, making manufacturing 

more efficient and enhancing the material. 

Melt viscosity is directly related to the stabilization temperature[6]. Higher viscosity results in higher composite 

temperature during processing. It is well‐known that in the melt processing of thermoplastics/composites, higher melt 

viscosity under shear leads to increased heat generation (via viscous dissipation) and thus increased melt 

temperature[18], [19]. Accordingly, the blend composite, which exhibits the highest viscosity of 559.83 Pa·s, reaches 

the highest processing temperature of 196.8 °C, which corresponds to the blend with 10% of IPE 6502. In contrast, 

the blend composite with 10% of IPE 8880 shows a lower viscosity of 489.20 Pa·s and a processing temperature of 

190.2 °C. In line with literature evidence on recycled polypropylene, viscosity in recycled-rich PP blends can be lower 

than expected despite elevated processing temperatures, due to chain-scission and lower molecular weight after 

reprocessing[20]. In our study, the RPP 100 and RPP 60 + PP 40 formulations exhibited comparatively low melt 

viscosities (401.93 Pa·s and 370.65 Pa·s, respectively) despite being processed at elevated temperatures. This behavior 

suggests that factors other than thermal input—such as chain scission, reduced molecular weight, or compositional 

effects associated with recycled PP—may govern the rheological response of these PP blends. Bichler [21] illustrated 

the effect of washing and hot air devolatilization as essential preliminary steps in recycling post-consumer 

polypropylene. However, he demonstrates that even after 7 and 22 hours of decontamination, substances such as ethyl-

dodecanoate and ethyl-hexadecanoate (fatty acid esters: by-products of animal and vegetable oil residues used in 

shrimp feed) can still be detected in the polymer. Therefore, these compounds may participate in and contribute to the 

degradation of raffia polypropylene. As shown in Table 2, the blend RPP 100 exhibits an MFI of 59.62 g/10 min, 

which confirms that thermo-mechanical degradation results in shorter chains and degradation of the organic residues 

from the shrimp feed; consequently, a higher flow rate at low shear rate, such as in the MFI test. 

Table 2 also compares the specific energy consumption and the viscosity of the blends. The RPP 100 material exhibits 

the highest energy consumption, at 9.56 × 10⁻² kWh/kg, corresponding to the high initial force required to maintain 

the same processing torque. In contrast, the compounds containing the additives show a reduction in energy 

consumption between 42% and 44%. This is attributed to the additive’s role IPE 8880 as a flow modifier within the 

blend, enhancing processability at lower temperatures[7]. 

 

SAMPLE LOADING 

PEAK 

[Nm] 

FINAL 

TORQUE 

[Nm] 

FINAL 

TEMPERATURE 

[°C] 

MELT 

FLOW 

INDEX 

[g/10min] 

ENERGY 

CONSUMPTION 

[kWh/kg] 

SHEAR 

VISCOSITY 

[Pa.s] 

RPP 100 46.66 3.36 194.6 59.62 9.56 × 10−2 401.93 

RPP 60 + PP 

40 

27.49 3.36 194.6 57.52 5.98× 10−2 370.65 

COMPOSITE 19.87 4.96 190.6 52.82 5.49× 10−2 510.50 

COMPOSITE 

+ IPE 6502 5 

21.545 3.345 196.6 35.804 4.87 × 10−2 559.84 

COMPOSITE 

+ IPE 6502 

10 

27.36 4.41 196.8 20.944 5.92 × 10−2 559.83 

COMPOSITE 

+ IPE 8880 5 

18.33 4.85 189.3 36.58 5.35× 10−2 501.99 



COMPOSITE 

+ IPE 8880 

10 

12.725 4.78 190.2 43.21 5.50× 10−2 489.20 

COMPOSITE 

+ IPE 6502 

8880 5 

26.27 3.38 195.0 70.656 4.96 × 10−2 536.19 

Table 2. Fusion behavior for raffia polypropylene and composites with IPE at 90 rpm: specific energy, shear 

viscosity and melt flow index. 

 

Figure 2. Fusion curves: (a) torque (Nm) versus time (s), (b)Fusion curves: temperature (°C) versus time (s) 

 

In Figure 3, the tensile mechanical properties of the blends are presented. The maximum tensile strength (Figure 3) a) 

values range between 8 MPa and 14 MPa. Arnold’s study [22] demonstrated that composites produced from recycled 

raffia and recycled polyethylene films, processed through shredding machines—similar to the present investigation, 

in which post-consumer raffia was shredded and pelletized—achieved tensile strength values of approximately 10 

MPa. RPP 100 exhibits the highest strength due to its highly crystalline structure and the stiffness of the isotactic PP 

matrix. When rLDPE is added, the tensile strength decreases while the elongation at break increases up to ≈ 1.5%. 

This is due to LDPE being less crystalline and more ductile, acting as a flexible phase that facilitates plastic 

deformation of the blend[23]. In the absence of the compatibilizer, the COMPOSITE blend remains immiscible; LDPE 

tends to form dispersed droplets within the PP-rich matrix, giving rise to weak interfacial adhesion and inefficient 

stress transfer[24]. Thus, the lower tensile strength of the COMPOSITE compared to the neat rPP100.   The composite 

with 10% IPE 8880 additive reaches a higher tensile strength than the other compatibilized blends. This indicates that 

this IPE content effectively fulfills its compatibilizing role: its PP-like segments interact with the PP matrix, while its 

PE segments interact with the rLDPE, improving interfacial adhesion and enabling better stress transfer[25].  



These findings suggest that the developed compounds are suitable for “light-duty” injection applications, i.e., products 

that do not require high mechanical performance, such as rigid injected parts and components. 

Figure 3. Comparison of the mechanical properties of all blends and composites. 

The embodied energy and carbon footprint were evaluated for a commercial drawer with dimensions of 30 cm in 

height, 39 cm in width, 59.5 cm in length, and a weight of 2.2 kg. A comparative life cycle assessment was performed 

between the proposed composite material and the high-impact virgin polypropylene commonly used in industrial 

drawers, assuming injection molding as the manufacturing process in both cases. As shown in Figure 4, incorporating 

the composite with 5% IPE 8880 achieved a global reduction of 27.88% in embodied energy and 37.36% in carbon 

footprint. In comparison, the formulation with 10% IPE resulted in reductions of 22.60% and 32.08%, respectively. 

In the case of compounds with 5% and 10% of IPE 6502, the percentage of energy reduction and carbon footprint was 

very similar. These differences are not only descriptive of material substitutions but also reveal that the main drivers 

of environmental savings lie in the replacement of virgin resin and the enhanced processability of the composite. 

Similar trends were reported in recent LCAs of recycled polypropylene pellets, where avoiding extraction and 

polymerization processes was identified as the dominant contributor to impact reduction[26]. 

 

In the material phase, the use of recycled raw materials available at the national level eliminated the need for energy-

intensive feedstock production, leading to reductions in embodied energy (34.87% and 28.95%) and carbon footprint 

(56.01% and 50.39%) for the 5% and 10% IPE composites, respectively. Similarly, Galve[27] in his study on the life 

cycle assessment of an injected part made from recycled polypropylene versus virgin alternatives, reported a 61% 

reduction in raw material manufacturing for the recycled option. 

Manufacturing, end-of-life, and methodological considerations collectively highlight the environmental advantage of 

recycled PP routes over virgin inputs. Virgin PP exhibited higher energy demand, whereas IPE-containing composites 

benefited from lower torque, faster melt flow, and shorter cycle times, reinforcing process efficiency gains during 

injection molding and aligning with Mannheim [28], who showed that PP recycling pathways are environmentally 

preferable to incineration with energy recovery. At the end-of-life, composites with recycled fractions can generate 

positive credits by enabling closed-loop substitution in new products, while virgin PP typically offers benefits only 

through incineration with partial energy recovery, in line with global waste-management hierarchies that prioritize 

recycling and material separation over energy recovery [28]. Although Ashby’s methodology cannot fully capture 

country-specific conditions, the robustness of the outcomes is supported by convergence with previous LCA studies 

under comparable methodological frameworks [13], which reported similar impact hierarchies in other industrial 

contexts, strengthening the relevance of these findings for Ecuador’s plastics sector, where shifting from virgin to 

recycled PP can deliver measurable environmental benefits at both process and system levels. 



 

Figure 4. Eco-audit of a) Embodied Energy (MJ) and b) Carbon Footprint (Kg C𝑂2) 

 

Conclusion & Recommendations 

Recycled polypropylene raffia (RPP) blended with virgin PP, rLDPE, and IPE additives can be processed efficiently, 

with improved melt flow, up to 40% lower energy consumption, and stable viscosity for injection molding. The 

findings advance knowledge on raffia recycling by demonstrating that compatibilized blends yield tensile strengths of 

8–10 MPa, suitable for light-duty, non-structural parts such as pallets, crates, and housings. LCA results further 

highlight environmental benefits, with reductions of up to 22% in energy demand and 32% in carbon footprint, 

underscoring technical feasibility and sustainability. However, limitations remain in mechanical scope and long-term 

stability, requiring future studies on impact resistance, durability, odor removal, and cost–benefit evaluation. Overall, 

this research provides scientific and industrial evidence that raffia waste can be transformed into viable injection-

molding feedstock while identifying clear directions for optimization and market integration. 
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