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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
Objectives for the project are as follows: 

1. Develop techniques to improve the quality of rice straw and PHA plastics. 
2. Develop rice straw and PLA biodegradable plastic. 
3. Build construction panel of size 4’x4’ with composite mold. 
4. Develop the manufacturing process to produce rice-straw based construction panels. 
5. Test the biodegradation of the rice -straw-based construction panels made from rice 

straw. 
6. Develop technical feasibility of rice straw-based construction panels. 
7. Develop the economic feasibility of the rice -straw based construction panels.  

 
Experiments were conducted at the CSU, Chico Plastics Laboratory in Chico, CA.  
 
SUMMARY OF 2014 RESEARCH (major accomplishments), BY OBJECTIVE:  

(Objective 1) Rice straw laminate bio-composite boards were produced with PHA biodegradable 
plastic powders and 50% rice straw on a vacuum assisted composite mold and with a 
compression mold. Rice straw was mixed with walnut shells and PHA plastic in a twin screw 
extruder to produce rice-straw based plastic pellets. The rice straw was mixed with PHA plastic 
powder with mixtures of rice straw, walnut shells, and PHA plastic.  
 
(Objective 2) Rice straw was found to break into small pieces and plug up the twin screw 
extruder. Successful pellets were made with 10% rice straw-40% walnut shells-50% PLA. 
Compression molding was successful at producing plastic composite parts with 10” x 8” x 
0.125” die. Figure 1 displays a picture of the construction panel mold and Figure 2 displays the 
rice straw construction composite part.  
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Figure 1. Construction panel mold for rice straw and PHA biocomposite 

 
Figure 2. Construction panel rice straw and PHA biocomposite. 
 
(Objective 3) A composite mold as made with 0.250” thickness. The vacuum assist hand-layup 
composite process was not successful at producing composite parts due to lack of consolidation 
of the PHA powder with the rice straw. The rice straw and PHA plastic board would fall apart 
when removed from the oven. 50% rice straw and 50% PLA were added to the mold and heated 
to 350F with a nylon vacuum bag. The vacuum was 2 atmospheres. The time was 8 to 10 hours. 
 
(Objective 4) The manufacturing process was changed to demonstrate the production of 
biodegradable plastic sporting pigeon with the compression molding process since the vacuum 
assisted hand-lay-up process was not successful. The compression molding process can be used 
to investigate rice straw-PHA recipes for the composite material. The compression mold was 
built on a CNC machine and displayed in Figure 3. The rice straw-walnut shells-PHA composite 
sporting pigeon is shown in Figure 4. 
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Figure 3. Compression mold for rice straw-walnut shell-biodegradable plastic sporting pigeon. 
 
 

 
Figure 4. Rice straw-walnut shell-PHA biodegradable plastic sporting pigeon. 
 
The manufacturing process was developed to include the following steps: 

1. Mix rice straw, walnut shells, glass spheres, talc, and PHA plastic in a twin screw 
extruder. 

2. Extrude plastic pellets of rice straw mixture. 
3. Heat plastics pellets in a single screw extruder and extrude out a hot log with 1.5” 

diameter and 6 inches in length. 
4. Compression mold the hot log in a cold compression molding press for 2 minutes. 
5. Remove biodegradable rice straw-walnut shell-glass-talc sporting pigeon. 

 
The process above could make a sporting pigeon in 3 minutes. 
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Steps 1 and 2 of the process listed above compounds the rice straw, walnut shells, glass spheres, 
talc, and PHA biodegradable plastic. The twin screw extruder, American Leistritz Model ZSE-
18HP twin-screw extruder system, with 40:1 L/D is shown in Figure 5. In the feed zone, the rice 
straw, walnut shells, talc, glass, and PHA pellets or powder were 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. 

 

The temperatures of the eight zones were between 330°F and 380°F. The screw rpm was 
between 30 and 66. The side-stuffer speed was 30 rpm. The water bath was warmed to 90°F with 
hot water from the sink and then warmed with a barrel heater. 

 
Figure 5. Leitztriz twin screw extruder with 40:1 L/D and 18 mm diameter i 

 
In steps 3 and 4 of the process listed previously, a single screw extruder as used to heat the 
plastic pellets from step 2 and produce a log extrudate for the next step. The screw has a 1” 
screw and a 24:1 L/D. the temperatures of the three zones in the single screw were 360°F, 350°F, 
and 350°F. The compression molding was carried out in Frontijne Lab Pro TP 1000 Lab Platen 
Press with temperatures of 350°F and pressures of 450 psi and a load of 36,000 pounds. The 
compression molder is listed n Figure 6.  
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Figure 6. Frontijne Lab Pro TP 1000 compression molding machine  
 
(Objective 4) The biodegradation of PHA-rice straw-walnut shell biocomposite was 

tested per ASTM biodegradation standards for soil biodegradation. The biodegradability test is 
conducted by burying 100g of the product under 600g of mature compost.  This test was 
conducted over a 3 month span at a temperature of 25°C in the plastics lab at CSU Chico.  

 
CO2 measurement were measured on a weekly basis. This test will demonstrate the 

material’s biodegradability, which is determined by how much carbon released in the form of 
CO2. The test method was conducted by 3 jars each with 100g of the same product.  Products 
were tested included cellulose, LDPE, PHA with walnut shells and rice straw. Overall 18 jars are 
tested with 3 of the jar only with mature compost (blank). The LDPE, cellulose and blank jar 
serves as control while the materials being tested are PHA, walnut shells and rice hull. 
  
 Figure 7 lists the biodegradation after 12 weeks. The rice straw-walnut-shells-PHA 
biocomposite exhibited 22% biodegradation at room temperature. The biocomposite is well on 
its way for full biodegradation. The rice straw-walnut-shells-PHA biocomposite had higher 
biodegradation than the cellulose positive control and much higher than the polyethylene 
negative control. 
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Figure 7.  Biodegradation results.  

 
(Objective 6) Producing biocomposites for construction panels is technical feasible with the 
compression molding process but not the vacuum assisted hand-layup process. Additional 
research is needed to produce construction panels with lower pressure processes like vacuum 
assisted molding. Also, rice straw is not technically feasible as a filler in a composite due to its 
tendency to break into small filaments and plug the twin screw extruder. It would have to be 
blended with walnut shells at concentrations around 10%. 
 
(Objective 7) The economically feasibility of construction panels produced with rice straw, 
walnut shells, and PHA is not favorable due to the high cost of PHA resin. PHA costs are 
typically $2.50 to $3 per pound. As an example, sporting pigeons can be produced for a cost of 
$17.28 for a box of 90 versus $12 for the clay pigeons with a 44% price premium. 
 

PHA accounts for 30% of the 90 g sporting pigeon. The material costs of the sporting 
pigeon would be approximately 16 cents per pigeon. Selling at a 20% profit each sporting pigeon 
would be priced at 19 cent.  For a box of 90 sporting pigeons it will cost $17.28. 

The costs for construction panels made from rice straw-walnut shells and PHA would 
follow similar costs and thus at this point not economically feasible. More research is needed to 
develop a new type of insulation panel for construction that would include a hollow section with 
two closeout panels made from PHA and rice straw. Further development is needed. 
 
PUBLICATIONS OR REPORTS: 

The research will be published in an Agricultural Research Initiative report in 2016.  

CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 
 This project developed biobased rice boards based on rice straw, walnut shells, and 
biobased plastic binder. The biobased particle board can replace conventional particle board 
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without toxic VOCs. The biobased composite board will be made from the rice straw and a 
biopolymer made from PHA biodegradable plastic.  

This research project includes a laboratory-scale feasibility study. The first phase of the 
project developed rice straw boards made with PHA bioplastic and walnut shells. The rice straw 
was obtained from a local rice farmer. Rice straw was mixed with walnut shells and PHA plastic 
in a twin screw extruder to produce rice-straw based plastic pellets. The rice straw was mixed 
with PHA plastic powder with mixtures of rice straw and walnut shells.  

Rice straw was found to break into small pieces and plug up the twin screw extruder. 
Successful pellets were made with 10% rice straw-40% walnut shells-50% PLA. Compression 
molding was successful at producing plastic composite parts with 10” x 8” x 0.125” die. 

The vacuum assist hand-layup composite process was not successful at producing 
composite parts due to lack of consolidation of the PHA powder with the rice straw. The rice 
straw and PHA plastic board would fall apart when removed from the oven. 50% rice straw and 
50% PLA were added to the mold and heated to 350F with a nylon vacuum bag. The vacuum 
was 2 atmospheres. The time was 8 to 10 hours. 

The manufacturing process was changed to demonstrate the production of biodegradable 
plastic sporting pigeon with the compression molding process since the vacuum assisted hand-
lay-up process was not successful. The compression molding process can be used to investigate 
rice straw-PHA recipes for the composite material. The compression mold was built on a CNC 
machine. The PHA-rice straw-walnut shells pigeons had similar flight pattern as the clay pigeon. 
 The rice straw-walnut-shells-PHA biocomposite exhibited 22% biodegradation at room 
temperature. The biocomposite is well on its way for full biodegradation. The rice straw-walnut-
shells-PHA biocomposite had higher biodegradation than the cellulose positive control and much 
higher than the polyethylene negative control. 
 Producing biocomposites for construction panels is technical feasible with the 
compression molding process but not the vacuum assisted hand-layup process. The economically 
feasibility of construction panels produced with rice straw, walnut shells, and PHA is not 
favorable due to the high cost of PHA resin. 
                                                 
 


