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

1. Design insulation panel. 
2. Perform thermal analysis and insulation analysis. 
3. Build mold for PHA/PLA sheets with rice straw. 
4. Compound PHA, rice straw, walnut shells in twin screw extruder. 
5. Mold parts with PHA, PLA foam and rice straw in compression molder. 
6. Test parts for insulation and other physical properties. 
7. Evaluate technical feasibility of PHA-rice straw-walnut shells-PLA foam insulation 

panel. 
8. Evaluate economic feasibility of PHA-rice straw-walnut shells-PLA foam insulation 

panel.   

 
Experiments were conducted at the CSU, Chico Plastics Laboratory in Chico, CA.  
 
SUMMARY OF 2015 RESEARCH (major accomplishments), BY OBJECTIVE:  

(Objective 1) The insulation panel was designed to be comparable to a styrofoam insulation 
panel that is available in 4 ft x 8 ft sheets. The size and thickness are key components of the 
insulation panel. 
 
(Objective 2) The thermal analysis on the insulation panel should be sufficient if the 1.5 inch 
Styrofoam panel was replaced with a 1.5 inch biocomposite panel with blow molded core. 
The blow molded core could be made with PHA biodegradable plastic. 
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(Objective 3) The mold for the PHA/rice straw/walnut shell biocomposite can be made with 
skins of PHA/rice straw/walnut shell biocomposite on top and bottom and a core of PHA. The 
mold for the PHA/rice straw/walnut shell biocomposite was made with plain carbon steel with 
the dimensions of 10” x 8” x 0.125” die. Figure 1 displays a picture of the mold for the 
construction panel PHA Rice straw biocomposite. The blow molded core structure was made 
with a small blow molded bottle steel mold. 
 

 
Figure 1. Construction panel mold for rice straw and PHA biocomposite 

 
 
(Objective 4) Rice straw laminate bio-composite boards were produced with PHA biodegradable 
plastic powders with 30% walnut shells and 10% rice straw in a Leitritz twin screw extruder, 
shown in Figure 2.  Rice straw was mixed with walnut shells and PHA plastic in a twin screw 
extruder to produce rice-straw based plastic pellets. The twin screw extruder, American Leistritz 
Model ZSE-18HP twin-screw extruder system, with 40:1 L/D. In the feed zone, the rice straw, 
walnut shells, and PHA pellets were conveyed away from the hopper and fed into the heated 
barrel, melted in the transition zone, and then extruded out into a warm water bath after the feed 
zone. The plastic extrudate was chopped into pellets after passing through the warm water bath. 

 
Figure 2. Leitztriz twin screw extruder with 40:1 L/D and 18 mm diameter i 
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(Objective 5) The plastic pellets that include PHA, rice straw, and walnut shells were fed into a 
single screw extruder, shown in Figure 3, melted with heat, and then extruded into a log. The log 
was placed in a compression molder, shown in Figure 4, and then pressed into the composite 
sheet shape. Figure 5 shows the skin composite panels that were produced. The core materials 
were produced with a Braybender R4 blow molder shown in Figure 6.  The core parts produced 
are shown in Figure 7. The core blow molded parts were placed inside a top and bottom 
composite panel and bonded with 3 grams of epoxy. The composite insulation panel made from 
biobased and biodegradable plastics is shown in Figure 8. The time to produce a composite panel 
was 100 seconds in the press. Thus, if heated plastic material can be made available, parts can be 
made every 100 seconds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Single screw extruder 
 

 
Figure 4. Compression Molder 
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Figure 5. PHA, rice straw, walnut shells composite sheet 
 
 

 
Figure 6. Braybender Blow Molder 
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Figure 7. Center core parts for biocomposite structure 
 

 
Figure 8. Final biocomposite structure of PHA/rice straw/walnut shell structure  
 
 
(Objective 6) The biocomposite part was tested for thermal, insulation and other physical 
properties. The biocomposite from Figure 8 was compared with a Styrofoam part shown in 
Figure 9. The two parts were tested for thermal insulation properties by placing each on a heated 
surface held at 140°F. The temperature of the top surface was measured as a function of time. 
The final temperature was recorded after 30 minutes of heating. An aluminum panel was also 
placed in the heating chamber and used as a control. Figure 10 displays the results of the heating 
experiment. Figure 11 displays the experimental setup for the thermal testing. 
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Figure 9. Styrofoam test part.  
 

 
 
Figure 10. Thermal heating insulation test.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Thermal test setup. 
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The results show that aluminum panel heated to the final temperature of 50°C after 11 minutes 
and became the maximum temperature. Styrofoam heated to the final temperature of 34°C after 
eight minutes. PHA/rice straw/walnut shell bio composite heated to the final temperature of 
29°C after 12 minutes. The biocomposite had more thermal mass and took longer to heat up to 
temperature and heated to a lower temperature than the Styrofoam part. 
 
Insulation R factor can be calculated based on the thermal conductivity of the materials. The 
thermal conductivity of the biocomposite was calculated based on the heating rate in the 
experiment coupled with Fourier’s Law of Q = A (T2-T1) k/(x2-x1). The thermal conductivity of 
the biocomposite was calculated as 0.172 W/m-K and compared to the thermal conductivity of 
Styrofoam of 0.06 W/m-K. This translates into an R factor for the biocomposite of 0.222 W/m2-
K based on R factor = k/thickness. The R factor for Styrofoam was measured at 0.641 W/m2-K. 
Thus the insulation factor of the biocomposite was 65% less than Styrofoam. 
 
The biocoposite material was also tested for tensile, impact, and physical properties. The 
PHA/rice straw/walnut shell biocomposite was tested in a MTS tensile test machine, shown in 
Figure 12. The tensile properties of the biocomposite material was compared to the tensile 
properties of PHA that was injection molded.   
 

 
Figure 12. Tensile testing in MTS 50 machine 
 
The results of tensile testing are shown in Table 1 and shown in Figure 13. The test samples were pulled 
at a rate of 0.5 in per minute. 
 
 
Table 1. Tensile properties of PHA and PHA/Ricestraw/Walnut shells biocomposite 
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Material Load (pounds) Strain Modulus (psi) 

 
 
Impact strength, 
Ft-lbs 

PHA 96.55544139 0.1285 32.85104766 
 
3.35 

PHA-Rice-walnut 219.7507426 0.022 156.4232004 
 
0.75 

% increase/(decrease) 127.5902212 (82.8794) 376.1589404 
 
(77.62) 

 

 
Figure 13. Tensile test results fro PHA plastic  
  
The tensile and impact results show that the biocomposite panel had 128% higher tensile strength 
and 376% higher tensile modulus than the PHA neat plastic. The results also show that the 
biocomposite had 83% less elongation and 78% less impact strength. 
 

(Objective 7.) The biocomposite panel can be made with a process described above that 
includes use of a twin-screw extruder, single-screw extruder, compression molder, and extrusion 
blow molder. The panel piece can be produced within 100 seconds. The addition of walnut shells 
to the rice straw enabled the rice straw to be combined with the PHA in the twin-screw extruder. 
The biocomposite pellet was manufactured under steady state conditions and could be produced 
with the conditions outlined above. The technical process uses existing plastics manufacturing 
technology with a reasonable cycle time. Thus, the production of  PHA-rice straw-walnut shell 
biocomposite is technically feasible. 
 
(Objective 8.) The cost of manufacturing the biocomposite panel was compared to a commercial 
Styrofoam insulation panel. The cost of a 24”x 48”x 1” Styrofoam insulation panel was $31. The 
cost of the PHA-rice straw-walnut shells-PLA insulation panel is the material cost and the 
manufacturing cost. The materials include 33 pounds of PHA at $2.50 per pound, rice straw and 
walnut shells of 22 pounds at $0.02 per pound. The total material cost is then $83. For 
compression molding of plastics part, it can be assumed that the material cost is 75% of the final 
cost of the part. Thus, the final part cost would be $83 divided by 0.75 or $111 per part. Thus, the 
biocomposite part is 3.5 times more expensive than the Styrofoam part and not economically 
feasible. The part cost can be reduced by using thinner skins of 1/16” rather than 1/8”. Also, 
cheaper additives can reduce the cost. 
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PUBLICATIONS OR REPORTS: 

The research will be published in an Agricultural Research Initiative report in 2016. 
The research work can be expanded to include higher concentrations of rice straw and 
walnut shells. This can lead to publications in the Polymer Engineering and Science 
Journal in the future. 
 
 
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 polystyrene with 
toxic styrene and benzene emissions. The biobased composite board will be made from the rice 
straw, walnut shells, and a biodegradable PHA plastic. 

This research project is a continuation from last year’s project that included 
improvements to the processing steps for mixing the rice straw with walnut shells and PHA 
plastic. Rice straw laminate bio-composite boards were produced with PHA biodegradable 
plastic powders with 60% PHA, 30% walnut shells and 10% rice straw in a Leitritz twin screw 
extruder. The processing was improved and the rice straw was able to produce plastic pellets 
with walnut shells and PHA plastic. 
 This research was also able to produce flat sheets of rice straw, walnut shells, and PHA 
plastic that was 1/8 in thick. The skin panels were combined with blow molded PHA cores to 
produce a 1.5 in thick biocomposite insulation panel. This was compared to a 1.75 in thick 
Styrofoam insulation panel. 
 The biocomposite insulation panel was tested in a thermal test to measure thermal 
conductivity and thermal loading for insulation. The samples were placed on a heated surface of 
140°F, while measuring the top surface temperature. The results show that Styrofoam heated to 
the final temperature of 34°C after eight minutes. PHA/rice straw/walnut shell bio composite 
heated to the final temperature of 29°C after 12 minutes. The biocomposite had more thermal 
mass and took longer to heat up to temperature and heated to a lower temperature than the 
Styrofoam part. Insulation R factor can be calculated based on the thermal conductivity of the 
materials. The thermal conductivity of the biocomposite was 1.5 times more than the Styrofoam. 
Also, the insulation “R” factor of the biocomposite was 65% less than Styrofoam. 
 

The biocoposite material was also tested for tensile, impact, and physical properties. The 
PHA/rice straw/walnut shell biocomposite was tested in a MTS tensile test machine. The tensile 
and impact results show that the biocomposite panel had 128% higher tensile strength and 376% 
higher tensile modulus than the PHA neat plastic. The results also show that the biocomposite 
had 83% less elongation and 78% less impact strength. Thus, rice straw and walnut shells 
increase the tensile strength and modulus of PHA plastic but reduce the elongation and impact 
strength.  

The biocomposite pellet was manufactured under steady state conditions and could be 
produced with the typical plastic molding conditions. The technical process uses existing plastics 
manufacturing technology with a reasonable cycle time. Thus, the production of  PHA-rice 
straw-walnut shell biocomposite is technically feasible. 
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 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. The final part cost of the 
biocomposite part is 3.5 times more expensive than the Styrofoam part and not economically 
feasible. The part cost can be reduced by using thinner skins of 1/16” rather than 1/8”. Also, 
cheaper additives can reduce the cost. 
 
                                                 
 


