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Narrative 
 
Automotive companies are looking for ways to produce a more sustainable car. Low cost 
natural fibers can be an attractive source of meeting their goals. The interior of the car 
has low-cost parts made from plastic and inexpensive additives. The headliner is a prime 
example of a low-cost part with an opportunity to use more sustainable materials. 
Research is need to provide low cost materials made from natural fibers and recycled 
plastics.  
 
The project developed automotive interior parts made from rice straw or almond  shells  
with recycled polypropylene (PP) for the interior of the car. We were successful in last 
year’s project to made plastic parts with prototype plastic material. The rice straw was 
ground up in the lab from raw rice straw. The PP was recycled but from a company in the 
Bay Area. We made tensile bars and tested them. We found that plastic parts were made 
with recycled polypropylene and 20% rice straw and 40% rice straw.   
 
We concluded that the tensile strength of rice straw was higher than virgin PP. The 
tensile modulus of rice straw was higher than virgin PP. The impact strength of rice straw 
was lower than virgin PP. The moisture content of PP with rice straw were higher than 
virgin PP and the plastic must be dried overnight at 190F. The best material for 
automotive part is recycled PP with 20% rice straw. 
 
The PP fiber did not chop with traditional recycling choppers. The fiber is extruded and 
then wound up to form the PP twine. The choppers can’t chop the wound-up fiber. We 
need to find a way to unwind the PP fiber and then chop it with razor blades. Some PP 
fiber was sent to two companies to see if their chopping process will work. We should get 
results in January of 2021. We then will purchase the chopper. 
 
We also compounded 80 pounds of rice straw ad almond shells with the recycled PP at 
40% straw. The prototype plastic was sent to an injection molder in Roseville Michigan. 
They will make parts with an exiting production tool for an interior part in December of 
2020 or January 2021. Ford motor Company wants to see how the prototype PP and rice 
straw compares to a production interior part. The parts made in Roseville Michigan will 
be tested for performance criteria from Ford Motor Company. 
 
The part weighs about 2 pounds. If Ford Motor Company uses our PP and rice straw on a 
2024 Ford Truck with a volume of 100,000 cars per year then the volume of rice straw is 
about 100,000 pounds per year in 2024. This could be expanded to other trucks and cars. 
The potential volume in 2026 of 500,000 pounds of rice straw use and in 2030 1 million 
pounds of rice straw. 
 
Please note that we had  COVID delays in 2020. Research initially planned for 2020 was 
hampered with the closing of CSU labs on March 15, 2020 due to the COVID-19. The 
labs were only slightly opened in June, August, and September of 2020 for minimal 
student use. On December 1, 2020, the labs were again shut down due to COVID -19 
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pandemic. As such, the research in 2020 was reduced  due to the CSU labs’ reduced 
hours of operation.  
 
Last year’s project developed a prototype manufacturing process to produce prototype 
rice straw and PP from the CAL One plant in Willows, CA. The plant went into 
production in November of 2020. The production delays were due to the COVID 
pandemic. We need to develop the manufacturing process to acquire the rice straw 
powder from the production process. The PP fiber is used to hold the rice straw bales 
together. The production rate of the rice straw and pp fiber is 400 pounds per hour. We 
also need to develop a process to acquire the PP fiber from the production process and 
chop it into small pieces at the plant. Last year we developed and produce rice straw and 
PP from the Willows CAL 1 plant. We hope to produce production material for the 
interior parts next year. 
 
The project accomplished the following:  

• Measure the particle size of the rice straw and develop a process to grind it down 
to less than 300 microns. 

• Compound the rice straw with 40 by weight concentrations with chopped PP. 
• Compound about 80 pounds of recycled PP and rice straw and almond shells for 

the injection molding company in Michigan. 
• Mold interior parts for Ford motor Company with the prototype PP and ice straw 

and almond shells. 
• Injection mold the “production-intent” rice straw with polypropylene plastic in 

tensile and impact bars. 
 
 
 
Results 
 
The plastic and natural fibers were compounded in a twin-screw extruder, American 
Leitzritz Model ZSE-18HP twin-screw extruder system, with 40:1 L/D is shown in 
Figure 1. In the feed zone, the particles are conveyed away from the hopper and fed into 
the heated barrel. In the transition zone, particles are melted and the melt homogenized, 
completing a process that started at the end of the feed zone. This section is designed to 
enhance the friction and contact with the barrel. Finally, in the metering zone, screw 
section is designed to act efficiently as a pump by generating pressure in the now 
homogenously molten mass of plastic. 
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Figure 1. Leitztriz twin screw extruder with 40:1 L/D and 18 mm diameter.1 
 
 
This year we produced several pounds of several recipes of recycled polypropylene, rice 
hulls, rice straw, and additives. Also, the quality properties of the recipes that include 
density, melt index, viscosity, and melting temperatures. The quality properties will assist 
in setting the injection molding machine parameters of the third phase of the research. 
 
The next area produced tensile bars with the recycled polypropylene and rice straw and 
almond  shells . We used a  ARBURG 28 ton injection molding machine to produce 
several recipes. Figure 2 lists the picture of the Arburg 28-ton injection molding machine 
at Chico State University. Figure 3 shows a student compounding the rice straw with the 
PP plastics. 
 

 
Figure 2. Arburg 28-ton injection molding machine.3 
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Figure 3. Student compounding rice straw and PP plastic. 
 
Injection molding is a process where solid plastic is melted, injected into a mold, and 
then cooled back to a solid. Plastic injection molding equipment, typically, comprises an 
extruder and a compressions press.  The plastic pellets are placed in the hopper and fed 
through the extruder in three main heated zones. The temperature profile in the three 
zones is dependent on the plastic type.  The first zone is called the feed zone. The second 
zone is called the compaction zone. The third zone is called the metering zone.  
 
Testing  
 
We produced ten or so parts at each experimental run and then test the plastic parts for 
tensile strength, impact strength, and quality appearance. The next area of the research 
conducted testing on the molded parts. The molded parts were tested for impact strength, 
tensile strength, and other parameters. 
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In 2021 we will make tensile bar and impact bar parts with the “production intent” PP 
and rice straw. We will test the plastic parts for tensile strength, impact strength, and 
quality appearance.  Figure 4 illustrates the tensile machine. 
 
 
 

 
 
Figure 4. Tensile test machine  and specimen holder. 
  
Previous results showed that rice straw at 40% was 1,100% stronger than neat PP and that 
rice straw at 20% was 700% was stronger than neat PP.   
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Figure 5. Tensile results for rice straw and hulls and recycled PP. 
 
 
The impact tests are based on a Izod impact test machine. Figure 6 illustrates the Izod 
impact test. In this test the sample is placed upright. Then a weighted pendulum swings 
down and impacts the sample. The energy absorbed by the swinging pendulum is listed 
on a dial on the machine. 
 

 
Figure 6. Izod impact test. 
 
Previous results  show that the rice straw at 40% and at 20% increased the impact 
strength. Figure 7 shows the results. Rice straw at 40% was 25% lower than neat PP and 
that rice straw at 20% higher impact strength than neat PP. Almond  shells at 40% was 
40% lower than neat PP and Almond  shells at 20% was 110% higher than neat PP. 
. 
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Figure 7. Izod impact test results for Rice Straw and Rice hulls. 
 
Results from 2019 work show that the strength of the plastic increased with the addition 
of rice straw. Figure 8 shows the tensile results for the rice straw  testing. 
 

 
Figure 8. Tensile testing or rice straw. 
 
Results from Injection Molding Company in Fraser, Michigan. 
 
The company on Michigan was able to produce about 50 parts made from an interior of a 
Ford Motor Company car. 
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Figures 9 through 12 shows the molding. 
 

 
 
Figure 9. Part moldings of interior part for Ford Motor Company. 
 

 
 
Figure 10. Part moldings of interior part for Ford Motor Company. 
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Figure 11. Part moldings of interior part for Ford Motor Company. 
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Figure 12. Part moldings of interior part for Ford Motor Company. 
 
The parts weighed about 10 pounds. The parts will be tested for mechanical performance 
and compared to virgin PP parts. 
 
Summary 
The previous work showed that the PP and rice straw material are stronger than PP by 
itself and should make a superior interior part. We were able to compound the rice straw 
and almond shells with recycled PP and provide it to an injection molder in Michigan. 
About 50 interior pats were made with the prototype material.  Future work will develop 
a manufacturing plant to produce the recycled polypropylene from the rice straw 
production process. We also will develop a collection process for the ground rice straw.  
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