Proposal outline for polylactic acid bioplastic

Necessary materials and reagents:

Disposables
1. 50 ml conical tubes

2. 15 ml conical tubes

3. Eppendorf tubes

4. Pipet tips 10 ul – 1 ml

Reagents
Fermentation
5. Bacillus coagulans nutrient solution (carbon and micronutrients)

Purification
6. Sodium sulphate

7. NaOH

8. Deionized water
9. potassium meta-bisulphite (for disinfection)

Polymerization
10. p-toluenesulfonic acid

11. Tin chloride (SnCl2)

Hardware
12. Volumetric pipets p1-p1000 

13. Standard wet laboratory glassware and measurement equipment (beakers, graduated cylinders, scale, etc...)

Fermenation
14. Bioreactor and components (still under development)

Purification
15. 2X Cross flow filtration module driven by peristaltic pump, outlet control valve for controlling pressure

16. PVDF microfiltrate membrane (Sepro, USA)/ cellulose diacetate polysulfone (no commercial manufacturer identified)

17. Sterile 2 liter glassware

18. Cross flow filtration module driven by diaphragm pump

19. Nanofiltrate NF3 membranes (Sepro, USA)

20. Electrodialysis stack and power supply

21. Anion and cation exchange membranes (Neosepta, Japan)

Analysis
22. HPLC

23. DAD detector

24. Refractive index detector


Polymerization
25. Flask capable of withstanding 0.5 torre vacuum or reactor core

26. Vacuum pump

27. Liquid condenser

28. Temperature control

Protocol outline:
Inoculation
1. Inoculate 5 ml of LB media with Bacillus coagulans and grow overnight at 55 C.

2. Centrifuge overnight culture at 4000 rpm for 5 minutes and inoculate 50 ml LB with pellet.

3. Grow for 8 hours and inoculate 1 liter for overnight growth. Grow at 55 C overnight.

Fermentation
1. Fill fermentor with desired amount of feedstock material and raise temperature to 55.

2. Inoculate fermentor with 1 l overnight culture.

3. Establish anaerobic conditions and log phase cell growth.

4. Monitor pH, OD, and DO.

Purification
1. Start purification pump when the pH drops below 6.5.

2. Collect microfiltered fermentor broth (MFB) in sterile 2 liter flask and maintain at 37 C. Recycle cell dense retentate back to fermentor.

3. When sufficient volume is achieved start nanofiltration. Recycle sugar dense retentate back to fermentor.

4. Analysis of nanofiltered lactic acid for purity. 

5. Further purification via electrodialysis. 

Lactic acid analysis
Via HPLC with proper spectroscopy equipment. See Analytical methods section from Purification of lactic acid from microfiltrate fe 1 rmentation broth by cross-flow nanofiltration by Sikder et al

Polymerization 
The improved method developed by Zhang and Wang will serve as a model for polylactic acid production due to its ability to produce high weight polymers, use of a limited number of relatively easily acquired materials, and detailed understanding of the physical process underway. The process first uses an protonic acid solvent and tin catalyst under vacuum dehydration to produce moderate weight polylactic acid by melt polycondensation. A finishing step uses the addition of a second small amount of the protonic acid. The process is expected to yield polymers of 100+ kDa. The product will most likely need to be mixed with a plasticizer, such as glycerol, and can then be thermomolded.

Reactor configuration
1. The reactor is placed in an insulated temperature jacket to control the reaction temperature.

2. The reactor is connected to a reflux condenser and a vacuum pump.

Polymerization reaction protocol
First step melt polycondensation
1. The reactor is filled with 400 g 90% L(+)-lactic acid, and catalysts (wt%) 0.5% SnCl2·2H2O and 0.4% p-toulenesulfonic acid monohydrate (TSA).

2. The reactor is heated to 150°C for 4 h, then 160°C for 4 h and the pressure is stepwise reduced to 500 Pa.

3. Water is removed through the condenser and a medium weight (50 kDa) product is obtained. 

Second step solid polycondensation
4. After the 8 hr melt polycondensation reaction is completed the reflux condensor is removed (as only a small amount of water will be produced). 

5. To complete the polymerization 0.4% (wt% of starting lactic acid) TSA is added to the reactor. The temperature is further increased to 180 C and the pressure reduced to 300 Pa for 10 hrs.

6. The polymerization product is then dried under nitrogen.

Thoughts:
· Semicontinous operation may be most suitable for small scale production for the ability to build up permeate for further steps and clean membranes at the same time.

· Can evaporation be used at any point to concentrate purification intermediates or final product (Natureworks evaporates after salt conversion with calcium sulfate). Possibly concentrate before and after final purification step of bipolar electrodialysis.

· Will the final purification product be polymerization quality – I think so. If not, what then? Anion exchange chromatorgraphy?

· Is this the most efficient route? Ultra and nanofiltration seem to be the most efficient for initial cleanup and ability to recycle, but electrodialysis may be less efficient than a solvent extraction – not sure at this point. Using only bipolar water splitting electrodialysis should be tested without conventional electrodialysis. 
