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A. Introduction 
A sustainable and cost efficient all-natural injection molded interior part is important to 

automobile companies, like Ford Motor Company. They initiated a research projects with 

Prof. Joe Greene and students at California State University, Chico in 2021. The project 

attempted to make an automotive prototype part from recycled polypropylene (PP) twine, 

rice straw, and almond shells. We were able to secure the polypropylene twine and 

recycled rice straw powder from the CALPLANT 1in Willows. Almond shells were 

obtained from the northern CA farmers and the Almond Board of CA. Recycling 

processes will allow the creation of a new all-natural fiber filler to be used in the 

production of interior parts for Ford Motor Company. The prototype part was designed 

from a 2020 Ford Escape center console mat, Figures 1 and 2. We designed and built an 

aluminum mold from the Ford production part. We were able to compound recycled PP 

with almond shells and rice straw. Then we were able to produce injection mold parts 

with the new mold. We were able to also make tensile bars and then test them for 

mechanical properties. This report provides the details of the project. 

 

B. Background 
Ford is currently using a 20% talc-filled polypropylene in their interior plastic parts. 

Incorporating an all-natural-fiber-filler to replace the current talc-filler, will allow further 

recycling processes to take place. Rice straw is an agricultural waste, left over after the 

harvesting season. This project provides a sustainable outlet for the left over rice straw.  
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Fig. 1. Top side of a 2020 Ford Escape Center Console Mat.  

 

Fig. 2. Back side of a 2020 Ford Escape Center Console Mat.  

Natural fillers can provide a viable solution having several advantages: low cost, non-

toxic, and recyclable. The polypropylene twine is provided by CALPLANT 1, the twine 

holds together rice straw bales which are separated during manufacturing of medium 

density fiber boards (MDF). Rice straw is the prime ingredient for the MDF and provides 

an effective wood substitute. CALPLANT 1 created an automated process that removes 

the PP twine from the rice straw bales, transporting the PP twine into recycling bins. 

MDF board is sanded down to achieve a nice smooth finish, left over from sanding is rice 
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straw powder. The powder can be collected, and immediately recycled into an all-natural 

fiber pellet.  

C. Ford Specifications 
The parts will need to meet the specifications provided by Ford. Those specifications are 

listed below: 
MATERIAL PROPERTIES 

3.3.1 Filler Content 18 - 23% (ISO 3451-1, Method A, talc filler, 1 h at 750 +/- 25°C,   
         test portion 2 to 2.5 g) 
3.3.2 Density 1.03 - 1.15 g/cm3 (ISO 1183, Method A) 
3.3.3 Tensile Strength at Yield 27 MPa min (ISO 527-1 and ISO 527-2,   Specimen   
         A, test speed:50 mm/minute) 
3.3.4 Tensile Modulus 2.0 GPa min (ISO 527-1 & ISO 527-2, Specimen A 

               1 mm/minute test speed) 
3.3.5 Flexural Modulus 2.2 GPa min (ISO 178, Specimen D 
         64 mm support span, 2 mm/minute test speed) 
3.3.6 Impact Strength, Notched Izod (ISO 180/1A, Specimen D) 

         At 23 +/- 2 °C 2.0 kJ/m2
 min Report Break Type 

   At -40 +/- 2 °C 1.2 kJ/m2
 min Report Break Type 

 
D. Manufacturing Process 

The manufacturing process will focus on processing polypropylene twine that was 

gathered from CALPLANT 1. To process the PP twine, rice straw will be manually 

rinsed off, the knot will be cut, PP will then need to be transferred into PP strands that 

can then be used in the chopper. Once chopped down into PP fiber, this fiber can be used 

in the twin extruder and combined with the natural fiber to create a pellet. A pellet that 

has an ideal volume percentage of natural fiber filler and PP, it can be used in the 

Milacron 150-ton press to create the injection molded center console mat prototype part.  

E. Natural Fiber Filler Process  
The natural fiber filler will be created out of almond shellsor rice straw powder. This 

process gathers varying sizes of rice straw powder, and depending on the powder size 

may not be utilized in the injection mold machine. Particle matter that is greater than 150 

microns will create blockage in the vents of the twin screw extruder and result in machine 
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error. Any particle larger than 150 microns will be grinded down to ensure ideal 

operation for the twin screw extruder, allowing improved overall material usage. The 

almond shellscome in full size shells s, needing to be grinded before any further 

processing can take place. 

F.  Natural Fiber Grinding 
The natural fibers selected require reduction of particle size for later processing steps. 

The grinding machine, seen in Fig. 3: Grinding Machine for Natural Fiber Powder. 

Grinds fiber material down to a powder ranging from 60 - 100 mesh, approximately: 149 

- 250 microns. The ideal powder needs to be at 150 microns before it can be used in the 

extruder and injection molding machines. Particle size greater than 150 microns will 

result in machine malfunction.     

 

Fig. 3: Grinding Machine for Natural Fiber Powder. 

 

G.  Natural Fiber Sieving 
The natural fiber powder gathered from the grinding process needs to be less than 150 

microns is ideal particle size for the twin screw to run properly. A sieve size 100 mesh, 

will ensure desired: <150 micron size is obtained. Below in Fig. 4: 100 Mesh Sieve. The 

100 mesh sieve is placed on top of an electric shaker, allowing efficient particle gathering 

seen below in Fig. 4 and Fig. 5. The rice straw powder, gathered from CALPLANT 1 can 

go directly to the sieving process.  
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Fig. 4: 100 Mesh Sieve. 

 

Fig. 5: Sieve and Shaker. 

 
H. Purpose of Processing Natural Fiber 

Rice straw powder must be sieved, every particle is different sizes when received from 

CALPLANT 1. Ensuring a common particle size results in better bonding compatibility, 

and distribution of filler material. The worse the bond the more mechanical properties 

decrease. The more throughout the natural fiber is mixed with the polypropylene the 

better. Rice straw or almond shellswill not bond with themselves once ground up into a 

powder, unless given an adhesive to otherwise counteract that. If uneven particle size, 

and distribution occurs in the newly formed compound, holes or weak spots will be 
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generated in the part. The previous steps are required in order for this cohesion to happen 

consistently. 

I.  Polypropylene Twine Process 
The polypropylene twine will provide a sustainable recycling process for CALPLANT 1. 

This will allow polypropylene twine, used for rice straw bales to have an extended life 

cycle. The process will have to recycle all PP twine provided, resulting in closed loop 

recycling. 

J. Recycling Polypropylene  
The recycling process for the polypropylene twine, consists of designing a process to 

make polypropylene fiber from the recycled twine. These tasks are essential to move onto 

a larger scale of production. The goal is to develop an unwinder that can feed 70-lbs of 

polypropylene fiber into the chopper per hour. Manual input is allowed for the unwinder 

but it will be designed further allowing for autonomous input operations. The twine must 

be unraveled and straightened to fit in the chopper free from any entanglement. 

Polypropylene fiber that is ready for twin extrusion is shown below in Fig. 6. 

 

 

 

. 
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Fig. 6: Polypropylene Fiber. 

 

The best method for an unwinding process to unravel multiple loads of twine. Wound 

polypropylene twine does not fit in the chopper and if not completely flattened it will not 

chop. Polypropylene twine holds its wound shape well and is not easily straightened at 

room temperature. The PP twine strand was cut with a chopper shown in Fig. 7. The 

chopped fibers are less than 15mm in length. They are fed into the twin screw extruder 

and blended with rice straw or almond shells to make a plastic pellet. 
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Fig. 7. PP twine chopper 
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K. Twin Screw Machine  
The twin screw machine will allow for the PP twine to be blended with either almond 

shell or rice straw. Below in Fig. 8. This machine is the primary device used to create an 

all-natural fiber recycled plastic pellet, as it uses two hoppers for material feed rates.    

 

Fig. 8: Twin screw extruder. 

The feed rates are variable on the information panel, allowing for different compound 

combinations. Experiments following these rates, and material densities have to be used 

to both calculate the volumetric filler percent, and graph this percent to the filler rates. 

The density of rice straw is different from the almond shell powder, and subsequently 

twin screw operation may vary slightly depending on the material chosen. Multiple filler 

percentages will need to be performed and tested to achieve an all-natural fiber filler 

compound that meets Ford specifications. Preliminary testing of rice straw, and 

polypropylene through the twin screw have been successful with slower side stuffer rates, 

naturally giving a lower volume percentage in the overall compound.  

 

In Fig. 9, percentages based side stuffer speed and a constant main screw speed, seen 

below shows the preliminary testing of the twin screw side stuffer speed with the filler 

percentages created. Note that the main screw speed was set at a constant 300 and that 

small scale test runs were run, having some error in the calculated filler percentage due to 

initial and ending operation losses.    
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Fig. 9. Filler percentages based side stuffer speed and a constant main screw speed. 

 

These losses will be accounted for as larger sample sizes can be used to calculate the 

losses incurred when beginning to make the material and when stopping the filler 

process. Ideally in a production setting, the twin screw machine would run 24 hours a 

day, 7 days a week, so the ending processes losses would not have to be accounted for. 

The small test sample runs gave way to a theoretical equation for the natural fiber 

volumetric filler percent as given below in Eq.1. 

 

𝑦𝑦 = −.0071𝑥𝑥2 + 1.318𝑥𝑥                                                 Eq.1 

 

This graph and equation allows the optimization of the side stuffer rate to the tensile 

properties generated by the resulting compound, giving an exact rate needed once the 

specification graphs are made. The material is now ready to be molded in an injection 

molding machine, requiring different pressure loads required for part size.   

L. Injection Molding Process 
Achieving a usable part made from plastic or compounded materials. During this process 

the material can show signs of weakness or unpredictability from the twin screw 
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combination process. Stress lines, and incomplete parts or poor mechanical properties can 

appear. The injection molding machine is a complex time intensive ordeal, requiring 

knowledge of shot size, injection temperature, mold cooling time and back pressure to 

make a complete part. A solid baseline for the newly formed polypropylene compound is 

using existing injection molding specifications for pure polypropylene itself. The 

percentage of filler increases, the further away the required settings get from the baseline 

polypropylene, due to the lack of bonding characteristics that occurs between the two 

elements. 

Two injection molding machines will be used to create both tensile bars. The specified 

production part from Ford, part weight, and size will directly determine the injection 

molder, having to use molds that are subsequently only used for that purpose. The tensile 

bar mold exists for a 55-ton Arburg Injection Molder. This will be the machine used for 

making tensile bar tests, seen below in Fig. 10. 

 

Fig. 10. Arburg 55 Ton Injection Molder. 

 

The purpose of testing, and product validity the prototype mat part will be run on a 150-

ton Milacron injection molding machine. A mold will need to be designed and produced 

for this specific machine, and will be described later in the report. A picture of the 150-
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ton Milacron is shown in Fig. 11. A Milacron 150-ton injection molding machine used 

for mat part.  

 

Fig. 11. Milacron 150-ton injection molding machine. 

 

Once the tensile bars and mat parts have been produced, specific tests can be performed 

in order to determine whether the filler percent needs to be adjusted. Along with this, in-

person performance tests can be compared to mold flow and finite element analysis, 

which will be further discussed in the report.   

 

M.  Ford Specification Parameters  
Ford motor company has provided 20%, and 18% talc filled injection molding 

specifications that the project can closely match our prototype result numbers regarding 

tensile strength, impact, and to help in proving an all-natural fiber filler can meet for 

specification provided the given parameters. These specifications will be provided as 

guidelines to follow once testing of natural fiber filler begins.  
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N. Structural Stability  
Scanning Electron Microscope (SEM), is an effective tool to examine the distribution and 

compatibility between the filler content and polypropylene matrix. Through SEM it is 

possible to examine the amount of cavities visible in the matrix. These cavities will 

indicate if there is a strong or weak bond and in the presence of a weak bond there will be 

a decrease in mechanical properties. When stress is applied the filler content will be 

pulled out of the matrix leaving behind holes.  

O. Mechanical  Properties 
Ford Motor Company requires a tensile strength of 27 MPa minimum in injection molded 

interior parts. The Aburg Injection Machine will build the tensile bars required for the 

tensile test. Performing this tensile test the utilization tensile test machine in TEST LAB 

OCNL118. Verification using SEM a strong interfacial bond is essential to keep 

mechanical properties. 

P.  Almond Shells  
The measure of an object's resistance to elastic deformation (Elasticity modulus). The 

weight percent of almond shells increase resulting in an increase of the elasticity 

modulus. Tensile modulus provides the ratio of a material's tensile stress, to its tensile 

strain. The implementation of the right percentage of filler content is possible to 

maximize benefits, raising the elasticity modulus without causing too much of a 

detriment to tensile strength. Ford specification requires tensile modulus of 2.0 GPa. 

Temperature resistance inside of cars can reach high temperatures when the car is sitting 

out in direct sunlight. To ensure the part can withstand hot temperatures the part will be 

tested for thermal degradability. Natural filler material will help against the deterioration 

of the part under high temperatures. The more natural fiber present in the matrix results in 

improved thermal degradation. The flexural modulus requires the part flexural modulus: 

2.2 GPa minimum. The flexural modulus is defined as a material's resistance to bending. 

PP exhibits the lowest flexural modulus (0.83 GPa) compared with composites containing 

30% ASF (1.08 GPa). Again showing another benefit of using natural fibers as filler 

material. Ford would like the new part impact strength to be on par or better than the 

current part used in production. The impact test will be performed on a Charpy v-notch 

testing machine and it will have to be tested at two different temperatures. The test will 

need to be performed at -40 and 20 degrees Celsius and the break type and report the 
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strength value in kJ/m2. After plenty of research it was consistently found that the impact 

strength of the composites was lower than that of neat polypropylene. Again multiple 

tests will need to be performed to find the right mixture to gain a good amount of benefits 

while reducing the negatives from adding the filler material. Ensuring a strong bond 

between the recycled plastic and natural fiber is essential in not losing mechanical 

properties. During testing the plan is to combine the plastic with maleic anhydride in the 

twin extruder. Polypropylene doesn't bond well as it is not readily open to sharing and or 

giving up its electrons as it is structurally stable. Maleic Anhydride will chemically 

change the structure of the polypropylene making it open to bond to the newly added 

filler material.  

Q. Prototype Part  
The prototype part was created on SOLIDWORKS® 2020, prototype designed from a 

2020 Ford Escape center console mat, seen above in Fig. 2.The talc-filled center console 

mat provides a guide when creating the prototype part. The prototype part drawing shown 

below in Fig. 12. The part drawing will be used for further injection molding testing, and 

building in-house a CNC mold.  
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Fig. 12. Center Console Mat Prototype 

To ensure a successful manufacturing of the injection mold a draft analysis was 

performed. Draft analysis is seen below in Fig. 13. The green color represents positive 

draft, and red represents negative draft. 



California State University, Chico                                                                                                                             
Department of Mechanical and Mechatronic Engineering and Sustainable Manufacturing  
Chico, California  95929-0789                             (530) 898-5346 

17 
 

 

Fig. 13. Draft Analysis of Center Console Mat Prototype [6].  

Additional tests performed on Solidworks® will include: mold tools, flow analysis, and 

FEA analysis, to further improve the prototype part quality that meets Ford 

specifications.  

R. Mold Design 
To achieve a suitable mold the Solidworks® mold tools add in was used to create a mold 

based on the pre-existing part geometry. After the final part was modeled it was easy to 

perform the necessary tasks needed to create the mold. Draft analysis is needed to be 

performed to ensure proper negative, and positive draft on the mold to ensure that the part 

can be safely removed from the mold without damaging the part. If there are difficulties 

removing the part from the mold this can increase the overall production time for the part. 

Although drafts are not ideal without them the part could cost even more or even be 

impossible to make. After ensuring proper draft throughout the part the next step is to 

create a parting line. Solidworks® distinguishes between the cavity, top half, core, and 

bottom half of the mold. After these simple steps Solidworks® does most of the work for 

you and now you have a great visual representation of how the mold will turn out. The 
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mold creation served as a great visual representation if it is possible to machine the part 

in house with what's available. Difficulties arose when trying to properly model the small 

tab portion as certain attempts required an undercut, which required special machinery, 

and would drive up the cost of the part. Overall, the Solidworks® mold tools were used 

to ensure that the part mold can be manufactured in house. In Fig. 14 and Fig. 15 are 

shown below.    

 

Fig. 14. Mold Top View 
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Fig. 15. Mold Bottom View 

S. Creating the mold 
Distinguishing the A and B side of the mold, with the help of SOLIDWORKS® another 

software called SolidCAM® was able to finish up the programming part of the project. 

SolidCAM® is an external tool that downloads directly to SOLIDWORKS®. 

SolidCAM® is able to use toolpaths that are user defined and create g-code to CNC mill 

the material. After setting up the g-code and getting the machine and aluminum stock set 

up the milling work can begin. To mill both sides of the mold it took 5 hours, then moved 

on to the post processing work. Post processing work included making the back plate for 

ejection, the t-plates to secure the work to the mud die provided, the sprue hole for the 

plastic material to flow into the mold, and making the holes in three of the corners for 

locator pins and bushings. Work started with securing the t-plate to the B side of the mold 

using four M10 socket head cap screws that were drilled and tapped. After the t-plates 

were secure the holes for the ejection rods can be drilled through the B side of the mold 

all at one time to ensure that they are concentric with each other. Then one of the backing 
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plates was secured to the B-side using clamps to drill the holes where the ejection rods 

would sit. On the back side of the plate the holes were countersunk the diameter of the 

rod heads to ensure they were tight, once the holes were made in one of the back plates, 

the other back plate can be secured onto it so the ejection rods would stay seated. Those 

plates were secured together with two M5 socket head cap screws. The ejector rods had 

to be ground down so they were flush with the face of the mold to prevent any 

deformities in the finished product while molding.  Moving onto the A side of the mold 

the same process was used to attach the t-plate to the half, using four M10 socket head 

cap screws. Once secured a 10° tapered drill was used to create the sprue hole that 

matched up to the nozzle location on the mud die. Once everything was in place three of 

the four corners of each side of the mold was drilled and reamed to size to fit the locator 

pins and bushings. Locator pins were drilled and countersunk onto the B side and the 

bushings were drilled and countersunk onto the A side. 

T. Plastic Flow Simulation 
The main advantage of using the Solidworks® plastic flow simulation is to view how a 

plastic would inject into your modeled part. Along with showing that the part can be 

successfully injection molded, Solidworks® provides useful info on how to physically 

injection mold your part. A flow summary can be seen below: Table 1. Flow Summary. 

TABLE I.  Flow Summary 
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This study was done using solely polypropylene plastic material and these values can be 

used as reference values. Testing must be done to find the ideal injection molding 

conditions to successfully injection mold the composite as from the few tests that have 

been run prove that these materials are not easily able to be used in an injection mold 

machine. Fig. 16 and 17 shows the plastic flow injection simulation in (a) Top view and 

(b) Back view.  

 

 

Fig. 16. Plastic flow injection simulation. Top view 
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Fig. 17. Plastic flow injection simulation. Back view 

 

U. FEA Analysis 
A 3-D FEA analysis was used to try and create an easily moldable scenario. As a center 

console mat it was hard to think of stresses that would transmute to the part so instead the 

scenario created was a person that weighs about two hundred pounds leans in with their 

knee into the part. The simulation gave a max von mises stress of 3.61 kpsi and a max 

displacement of 0.249 inches. Once the composite part is successfully injection molded 

physical tests can be made and can be compared to these values in the simulation. Then, 

it will be possible to see the differences in material properties between the composite 

part, and a part made with solely polypropylene plastic. Below in Fig. 18, and Fig. 19 

show Side and Top views. The stress analysis of the center console mat prototype part 

can be viewed.  



California State University, Chico                                                                                                                             
Department of Mechanical and Mechatronic Engineering and Sustainable Manufacturing  
Chico, California  95929-0789                             (530) 898-5346 

23 
 

 

Fig. 18. Stress Analysis. Side view. 
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Fig. 19. Stress Analysis. Top view. 

 

V. SEM Testing 
Scan Electron Microscopy, or SEM for short, is a great tool to gain nanometer resolution 

pictures of the surfaces of materials. The microscope uses a focused beam of electrons to 

scan the surface of the sample, then the secondary or backscattered electrons produce the 

images. For this application SEM was used to evaluate the uniformity of material in the 

composite plastic piece. With the introduction of natural filler materials the mechanical 

properties of the polypropylene plastic diminish, hence areas with higher concentrations 

of natural fiber will act as stress concentrations and will result in skewed testing results.  

For starters, there was no prior experience of viewing these materials under the 

microscope and it wasn't clear what the natural filler would look like. For more 

information it was decided the first course of action was to view the natural filler 



California State University, Chico                                                                                                                             
Department of Mechanical and Mechatronic Engineering and Sustainable Manufacturing  
Chico, California  95929-0789                             (530) 898-5346 

25 
 

materials in their powdered form under the microscope to get a better understanding of 

what they look like.  

 

Fig. 20. An image of the almond shells  powder at 319 magnification 

 

Fig 21. An image of the rice straw powder at 244 magnification 

These initial images there are some notable differences between the two filler material 

particles. The almond shells at the top have a  visibly more circular shape whereas the 

rice straw dust is characterized by longer strands. Next it was time to confirm the 
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homogeneity of our composite piece. In order to produce images the microscope 

apparatus needs a sample that is conductive and neither polypropylene plastic nor the 

filler material are conductive. To get around this the Physical science building possessed 

a Cressington 108A Carbon Coater that will carbon coat any sample pieces to be 

evaluated using SEM.  

To get a clear picture of the natural filler mixed within the polymer an experiment was set 

up to see whether more part processing needed to be done or if a molded edge will suffice 

to see the natural filler.  

  

Fig. 22. An edge that has been sanded down at the top vs a freshly molded edge 

at the bottom 

Based on the figure above it was concluded that sanding down a freshly molded edge is 

necessary to fully see both the filler material and plastic in the compound piece.  

After establishing the necessary methods the group started evaluating multiple pieces at 

different locations of both the rice straw and almond shells  to ensure the natural filler 

was dispersed evenly throughout the part.  
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Fig. 23. Almond shells -plastic mixture at 310x magnification  

 

Fig. 24. Almond shells -plastic mixture at 464x magnification  
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Fig. 25. Rice straw-plastic mixture at 174x magnification  

 

Fig. 26. Rice straw-plastic mixture at 681x magnification.  
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A useful tool to gain numerical data about the mixture of the sample piece is Energy 

Dispersive X-ray Spectroscopy (EDS). EDS allows the user to gain analytical data about 

the elemental or chemical characterization of their sample. When used with the SEM 

apparatus the only elements detected were carbon which could be due to the facts that 

these are carbon based materials. EDS could not be used and analyzing uniformity had to 

be done visually through the pictures of the samples. Through visual inspection showed 

that there was a good mixture of filler material and polypropylene plastic throughout the 

sample pieces. It is safe to assume this as there are no clear concentrations of filler 

materials in certain areas of the sample pieces as shown in the SEM images above.  

The next SEM images to evaluate were the breakage points of the tensile, and impact bars 

to try to characterize how these pieces are failing and if it can give an insight on how 

these pieces are bonding. There were a surplus of tensile and impact bars that were 

pushed to their failing points of 36 volumetric percent of rice straw and 24 volumetric 

percent of almond shells .  

 

Fig 27.  Voids formed during impact test for almond shells . 
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Fig 28. Pull marks due to tensile yield strength test for almond shells . 

 

Fig 29. Void formed during impact test for rice straw. 
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Fig 30.  Stretch marks from tensile test for rice straw. 

 

One of the biggest findings from the breakage points of the test subjects was the presence 

of voids in the center of the pieces. These voids could characterize how the plastic and 

natural fibers were ripped apart when they reached their yield points for both tests as the 

materials might not have mixed well together. One other solution could be that these 

voids are air pockets from air escaping when cooling down after injection molding.  

W. FTIR Testing 
Fourier Transform Infrared Spectroscopy was a measurement tool used to determine 

changes in chemical composition and bond strength as the different types of natural filler 

were added to polypropylene. By using qualitative analysis, FTIR can help in predicting a 

material’s mechanical and physical properties. This ensures the preservation of desirable 

intermolecular physical or chemical interactions, such as hydrogen and covalent bonding. 

The monomer for polypropylene is shown below in Figure 31.  
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Fig 31.  Polypropylene Monomer  

FTIR spectroscopy can be applied for composite studies because the physical properties 

of polymer composites are affected by the structure of the molecular chains. 

Polypropylene’s physical properties are a result of the polymerization process which 

gives it its thermoplastic characteristics. Polymerization causes strong intermolecular 

forces between the polymer chains and requires large amounts of energy to break. 

Thermoplastic fiber loaded composites are influenced by the type of polymer, processing 

method and content of filler. It has been reported that mechanical properties of natural 

fiber composites may not be greatly affected by wood fiber type. Rather it may depend on 

the lignin and lignocellulose fiber. Figure 31 below is the stacked spectra of recycled 

polypropylene, rice straw filled polypropylene at 24%, 36%, and 40% filler content, and 

almond shells  filled polypropylene at 24% and 32% filler content.  
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Fig 32. Stacked FTIR spectra of recycled polypropylene, rice filled polypropylene (24%, 

36% and 40%) and almond shells  filled polypropylene (24% and 36%).  

 

 It is not certain whether the source of polymer being virgin or recycled has an effect on 

the properties of natural fiber composites. Recycled polypropylene was compared against 

pure polypropylene reference spectrum found in the OPUS software database. It was 

determined that no contaminants were present in the recycled polypropylene when 

overlaid over the pure polypropylene spectrum, therefore the recycled polypropylene 

could be characterized as polypropylene. When looking at the rice straw spectra the 

changes in the prominent peaks may be observed visually. As expected, when the amount 

of filler content increases, the intensity of the peaks decrease. This is especially true for 

the fingerprint region from 500 to 1400 wavenumbers. Figure 33 below takes a closer 

look at the effects of gradually adding more rice straw to polypropylene.  
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Fig 33. FTIR Spectrum of Rice Straw Filled Polypropylene at 24%, 36% and 40% filler 

content.  

 

It is important to note that there is no significant change in the peaks and no formation of 

new peaks even at the maximum filler content weight percentage of 40%. Based on these 

results, rice straw has the best preservation of chemical composition compared to the 

almond shells . The almond shells  results began to show significant change when filler 

content reached 32%. This is better visualized in Figure 34 below.  
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Fig 34. FTIR spectrum of almond shells  at 24% and 32% filler content.  

 

At 32% the transmittance intensity for the polypropylene peaks decreased significantly. A 

new peak is formed around 1600 wavenumbers. This is a characteristic peak of lignin 

found in almond shells . Based on these results, 32% caused unfavorable interactions. 

This could explain why this amount of filler content would cause the composite to fail 

other specification tests.  

Melt Flow (MFI) and Density 

Polymer Testing Machines (PTM) are used to determine a polymers Melt Flow Rate 

(MFR). The PTM consists of a heated die where molten polymers are extruded from 

using a set weight. The MFR can be found based on the weight of the extruded polymer 

over a certain time (30 sec) though the PTM. The figure below shows the PTM used for 

testing.  
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Fig 34. Dynisco Polymer Testing Machine 

Three different materials were tested. Virgin polypropylene fiber was tested first as a 

control, then our two final chosen materials, 24% almond shells  polypropylene (24% AL 

PP) and 36% rice straw polypropylene (36% RS PP). The findings are given in the table 

below. 

 

Table 2. Melt Flow Rates 

Material Melt Flow Rate (g/10min) 

Plain PP Fiber 1.500 

36% RS PP 1.205 

24% AL PP 0.933 
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The extruded plastic was then used in a density machine, to acquire each of the material’s 

specific density. The machine uses water and a small metal cage which the polymer is put 

under as it tries to float to the top. Each of the previous materials were tested.  

 

Table 3. Densities of Each Material 

Material Density (kg/m3)    

Plain PP Fiber 0.922 

36% RS PP 0.933 

24% AL PP 0.966 
 

The above tests it was concluded that 24% AL PP had the lowest MFR, but highest 

density, while the 36% RS PP sat somewhere between the two materials for both MFR 

and density. This data is helpful for manufacturing processes such as injection molding. 

 

Fig 35.  Melt Flow and Density Findings 
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Tensile Testing 

Given that little information was available for comparison, all research had to be 

conducted to understand how the material properties differ depending on the material 

percentage.  A variety of percentages were made to receive the tensile yield strengths and 

allow for curve fitting for later.  The percentages that were produced for rice straw were 

15, 24, 32 and 40, along with the control of zero percent to give the highest yield of the 

plastic without natural fiber filler.  Naturally, as the percentage of filler material 

increases, the tensile properties increases, allowing for an optimization of the material 

percent to reach a desired or set strength.  An average was generated for each percent 

with the use of ten tensile bars, giving a decent sample size for the needed data.  The 

results of the rice straw filled polypropylene can be found in the Figure 36 shown below. 

 

Fig 36.  Trendline fit of yield strength and filler percentage using varying rice straw filler 

percentages. 

 

Using the Excel tools, an equation was generated to calculate the filler percent when 

provided with a desired tensile yield strength.  This equation led to a result of 36 percent 

filler for the rice straw and plastic compound, well within the scope of 20 to 40 percent 

for product viability.   
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The same steps were taken with almond shells, with the exception of a slightly reduced 

sample test size of five down to three.  Working and injection molding with almond 

shells  proved to be much more difficult than rice straw, and under giving lab settings 

time spent must be considered.  The Figure 37 below shows the Excel curve fit plot 

graph. 

 

Fig 37.  Trendline fit of yield strength and filler percentage using varying almond shell 

filler percentages.  

 

Similar to the rice straw, an optimized percentage can be calculated using the provided 

trendline equation.  The almond shells  percentage to meet specifications is 27 percent.  

In twin screw application of both the rice straw and almond shells , the closest but not 

over percent was to be made, resulting in a 36 percent rice straw and a 24 percent almond 

shells  material combination.  These optimized materials were retested to ensure that 

yield strengths met specifications, which both did.  This became the core of the project 

and understanding how these percentages reacted under different material tests and 

observation became crucial. The testing values were higher than the specification of 27 

MPa. But the neat PP did not meet the specification either. 
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The tensile modulus was also tested with the tensile bars. The rate was 0.4 mm/sec. The 

results are presented in Fig 38 and Fig 39. The tensile modulus dropped with the addition 

of the almond shells or rice straw. The testing values were lower than the specification of 

2 GPa. But the neat PP did not meet the specification either. 

 
Fig 38.  Trendline fit of tensile modulus and filler percentage using varying rice straw 

filler percentages.  

 

 
Fig 39.  Trendline fit of tensile modulus and filler percentage using varying almond shell 

filler percentages. 
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X. Impact 
The impact test was used to look at how much energy the specimens can absorb before 

breaking at various percentages. The impact tester that was used was an Izod Impact 

tester. 

 

Fig 38.  Izod Impact Tester used 

 

From testing various percentages with both almond shells and rice straw a fit line was 

produced to see where the optimum percentage to performance was. Unfortunately our 

control test with no filler did not meet the specifications that were set. These tests were 

performed at room temperature or 25℃. The testing values were lower than the 

specification of 2 kJ/m2.  But the neat PP did not meet the specification either. 
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Fig 39. Rice Straw Impact Results 

 

Fig 40. Almond Shells  Impact Results 

Y. Conclusion 
 

Utilizing these processes, the project can create a sustainable, weight savings, and cost 

efficient part that meets Ford specifications. Mined talc mineral impacts the environment, 

using a natural fiber filler will not only provide Ford Motor Company with achieving 
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sustainability goals but also provide sustainable recycling for CALPLANT 1, and 

Almond farmers. 

The project accomplished the following:  

• Produce plastics with a particle size  for the rice straw and almond shells to less 

than 300 microns. 

• Compound the rice straw and almond shells with 15 to 40%  by weight 

concentrations with chopped production intent PP. 

• Compound about 100 pounds of recycled PP and rice straw and almond shells for 

the injection molding machines in Chico. 

• Designed and built an aluminum injection mold for a Ford interior part with CNC. 

• Molded interior parts for Ford interior part with the production-intent PP and rice 

straw and almond shells between 15% and 40% fiber. 

• Molded tensile bars with the production-intent PP and rice straw and almond 

shells between 15% and 40% fiber. 

• Tested the molded parts for tensile, FTIR, and impact properties. 

• Rice straw processed very well in the twin screw extruder and made excellent 

injection molded parts. 

 

Z. Recommendations and Future Work 
We were able to develop a manufacturing process to compound rice straw with recycled 

polypropylene and almond shells with recycled polypropylene. The mechanical 

properties were slightly lower for the tensile modulus but higher for the tensile strength. 

Overall, we produced injection molded parts that had nearly identical properties as the 

talc-filled polypropylene. The rice straw and almond shells should provide an 

inexpensive plastic part since there costs are about $0.01 per pound. Likewise the 

polypropylene should be inexpensive at around $0.10 per pound. Polypropylene typically 

costs $1.50 per pound. Talc is also around $1.50 per pound. Thus, the costs of the rice 

straw-filled polypropylene and the almond shell polypropylene will be significantly less 

than the current talc-filled polypropylene. 

However, the production source of the rice straw and the polypropylene are in doubt 

since the CAL1 plant filed for bankruptcy. The future work will try and obtain other 
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sources of polypropylene. The mechanical properties were a little low as well. We can 

develop better parts with addition of maleic anhydride or other additives. We also can 

compound rice straw with polypropylene for a production source of a Ford interior part. 

Thus the future work is listed below: 

1. Investigate other sources of rice straw powder and polypropylene. 

2. Compound new parts with additives like maleic anhydride and epoxy. 

3. Run the twin screw to compound rice straw, almond shells, and polypropylene. 

4. Test the parts for properties. 

5. Measure the fiber interactions with Scanning Electron Microscope. 

6. Develop a manufacturing process for production. 

7. Compound rice straw and polypropylene for an interior part production house. 

8. Compound almond shells and polypropylene for an interior part production house. 

9. Test the performance of the Ford interior part with rice straw and almond shells. 

 

The cost of the new project for 2022 is listed below: 

General assistance   
1. Senior personnel     $20,000 
2. Student personnel     $5,000 
3. Fringe benefits     $2,200 
4. Supplies and 
expense     $4,000 
5. Travel     $500 
6. Other      $100 

  
Total 
request   $31,800 
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