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Construction Process
Construction of the Methoxide Mixer:

Required Components:

One 10 Gallon Drum

Two L Shaped Brackets

One ¾ inch Ball Valve

Four ¾ inch Hose Clamps

¾ Brass Fitting

¾ inch Coupler

12 inches of ¾ Outside Diameter Clear Tubing

Construction Process: 
Apply Teflon tape to all threaded Fittings
· Bore one in hole in bottom center of drum

· Weld Coupling over hole
· Screw fitting into coupler.

· Cut hose into 2 6 inch lengths

· Secure one piece of hose to fitting with clamp

·  Insert ball valve into opposite end of clear tubing and clamp tight

· Insert remaining piece of clear tubing onto opposite end of ball valve

· Weld L bracket to bottom edges of barrel in order to secure them to platform

Construction of Reactor:

Required Components:
One 30 Gallon Drum
Four L Shaped Brackets

One 1500W Heating Element

One 1000W Heating Element

Three ¾ Brass Fittings

Three ¾ inch Couplers

One 2 inch Weldable Fitting

Two ¾ inch Hose Clamps

One  ½ inch Coupler

One  ¼ inch Coupler

One ¼ inch diameter 4 inch long Steel Tube

One ½ inch 3 PSI Check Valve

One ½ inch diameter 4 inch long steel tube

Construction process:

· Bore 1 inch holes in bottom center top center and on the upper third quarter of the side of the drum

· Weld the three corresponding couples in place over the holes

· Screw 3 corresponding fittings into couplings

· Bore ½ inch hole at 90 degrees off of hole that was drilled on the side of drum at the same height

· Weld ½ inch fitting over hole

· Attach ½ steel pipe

· Attach check valve to pipe

· Weld four L shaped bracket to bottom edge of drum

· Bore 2 ¼ inch hole in bottom third of barrel 180 degrees off of check valve

· Weld 2 inch fitting into hole 

· Attach heating element 

· Bore 1 ½ inch hole in bottom third of barrel directly below check valve: caution ensure that placement of hole will not interfere with heating element of opposite side of barrel

· Bore ¼ inch hole in top of barrel slightly off of center

· Weld ¼ inch coupling over hole

· Attach ¼ inch steel tube to coupling

Wash Tank:

Required Components:

One 50 Gallon Drum

Four L Shaped Brackets

Two ¾ Brass Fittings

Two ¾ inch Couplers

Two Large 6 inch L Shaped Brackets

One Variable Speed Drill

One 4 foot Shaft Paddle Mixer

Construction Process: 

· Bore one in hole in bottom center of drum

· Weld Coupling over hole

· Screw fitting into coupler

· Bore one inch hole one foot from the top of the drum

· Weld coupling over hole

· Screw fitting into coupling

· Bore ¾ in hole in center of drum lid

· Weld both large L shaped brackets onto lid, the distance apart should be the width of the drill

· Weld four smaller L shaped brackets around base of drum for support

Glycerin Tank:

Required Components:

One 10 Gallon Sealed Drum

Two L Shaped Brackets

One ¾ inch Brass Fitting

One  ½  inch Coupler

One ¼ inch diameter 4 inch long Steel Tube

Construction Process: 

· Apply the ¾ brass fitting to threaded hole on top of tank

· Bore ½ inch hole in center of top of tank

· Weld the ½  inch coupler over hole

· Thread steel tube into coupler

· Drill 1/16 inch hole2 inches from bottom of tank

· Weld both L shaped brackets on bottom of tank

Construction of the Methanol Condensing Unit:

Required Components

One 5 Gallon Fuel Drum

14 ft of ¼ inch clear tubing

Eleven  ¼ inch hose clamps

One PVC Methanol Condensing Unit

Two  ½  inch Couplers

Two ¼ inch diameter 4 inch long Steel Tubes

Four  L Shaped Brackets

27 inch long 2x4

One air vacuum pump

One air compressor 

One three way ¼ inch hose adapter

Construction Process: 

· Bore two ½ inch holes in center of top of tank side by side

· Weld the two ½  inch couplers over hole

· Thread the ¼ inch steel tubes into the couplers

· Weld two L shaped brackets on base of fuel tank

· Cut five feet of hosing 

· Attach one end to the lid of the reactor and secure with hose clamp

· At the other end attach three way hose adapter with hose clamp

· Cut two feet of hose and attach to one end to outlet of three way adapter with hose clamp

· On the other end attach to glycerin tank with hose clamp

· Cut three feet of hose and attach one end to last outlet of three way adapter with hose clamp

· Attach other end to the methanol condensing unit with hose clamp

· Cut a two foot section and attach to outlet of methanol condensing unit with hose clamp

· Attach other end to ¼ inch steel tube with hose clamp

· Use last two foot section and attach one end to remaining steel tube with hose clamp

· Attach other end to the outlet of the  air vacuum pump with hose clamp

· Attach air compressor to vacuum pump inlet with hose clamp

Construction of Fuel Dispersion Tank:

Required Components: 
30 Gallon Drum with one 2 inch and one ¾ bung hole 

¾ inch Coupler

¾ Brass Fitting

Hand Crank Pump threaded for 2 inch hole

4 L Brackets

Construction Process:

· Bore one inch hole in upper third of barrel

· Weld ¾ inch coupler over hole

· Screw ¾ inch brass fitting into coupler

· Screw hand crank pump into 2 inch bung hole

Construction of Raised Platform:
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Platform
Required Components:
Five 8 ft 2x4 inch pieces of lumber
Approximately 25 to 50 2 inch deck screws 

Construction Process:

· Cut lumber into four 44 inch pieces, two 25 inch pieces, two 5 inch pieces, two 48 inch pieces, and nine 12 inch pieces

· Lay two 48 inch pieces parallel to each other and 12 inches apart

· Brace them with three 12 inch pieces one at each end and one in the middle

· Connect them with 12 deck screws
· Raise this off the floor with six 12 inch pieces of lumber one at each corner and one on each side in the middle (the platform should now be raised 12 inches off of the ground)
· Screw pieces in place

· Lay two 25 inch pieces of lumber parallel to each other 5 inches apart
· Brace with two 5 inch pieces at each end

· Raise this off the initial piece on one side with the four 44 inch pieces of lumber and screw in place
Construction of Pump and Tubing
Required Components:
21 feet of ¾ inch clear tubing

One 330 GPH Pump
Seven ¾ inch ball valves

41 ¾ inch hose clamps

Five T shaped hose adapters

Two 90 degree shaped hose adapters

Five ¾ inch plastic clamps

Four screws

Two ¾ in brass fittings

Construction Process:

Apply hose clamps to all fittings and Teflon tape on all threads
· On pump inlet and outlet thread two ¾ inch brass fittings

· Working from inlet side of pump

· Insert one four inch piece of clear tubing 

· Insert T shaped piece into other end

· Insert 32 inch piece on right side of T shaped fitting

· Use ¾ inch plastic clamp to secure at pump end

· Attach ball valve to end of 32 inch piece

· Attach 3 inch piece to other side of ball valve

· Attach T fitting to other end

· Attach 4 inch piece from T fitting to bottom of wash tank

· Attach 9 inch piece from other T fitting outlet to ball valve

· Ball valve is open to atmosphere

· Go back to T fitting connected to pump inlet
· Attach five inch piece off other T fitting outlet

· Secure with ¾ inch plastic hose clamp

· Attach ball valve into other end of 5 inch piece

· Out of the ball valve comes a 10 inch piece of hosing

· Secure 10 in piece with ¾ inch plastic hose clamp

· On other end of 10 in piece insert a 90 degree fitting

· Attach 4 inch piece of tubing to other end of 90 degree fitting

· Attach 4 in piece of tubing into the other 90 degree fitting

· Another 4 inch piece of tubing comes out of the second 90 degree fitting

· At the other end of the 4 inch piece is a T fitting

· Out of the top of the T fitting connect a 5 in piece of hosing

· Connect a ball valve to the other end of the 5 inch piece of hosing

· Secure 5 in piece of hosing with a plastic clamp

· Connect a 24 inch piece of hosing to the other end of the ball valve

· Connect the other end of the 24 inch piece to the glycerin tank

· Go back to the bottom of the T fitting

· Connect a 28 inch piece from the bottom of the T fitting to the bottom of the reactor

· Now working from outlet side of the pump

· Attach one 3 inch piece of hosing to pump outlet

· Attach a T fitting to other end of the 3 inch piece

· From the side of the T fitting attach a 3 inch piece of hosing

· Attach a ball valve to other end of 3 inch piece

· Connect a 23 inch piece to the ball valve and the other end to the fuel dispersion tank

· Now go back to the bottom of the previous T fitting

· Attach a 3 inch piece to the bottom outlet of T fitting

· Attach another T fitting to the 3 inch piece of hosing

· From that T fitting attach a 3 inch piece of hosing to a ball valve
· Attach a 32 inch piece to the other end of the ball valve

· Connect the 32 inch piece to the top of the wash tank

· Go back to previous T fitting

· Attach a 3 inch piece to the bottom of the T fitting

· Attach a ball valve to 3 inch piece of hosing

· Attach 48 inch piece from ball valve to reactor
Assembly and Disassembly of Biodiesel Manufacturing Plan

Tools required: 

Flathead Screwdriver
Phillips head Screwdriver

Major Component Listing:
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Reactor
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Methanol Recovery Tank
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Fuel Dispersion Tank
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Glycerin Recovery Tank
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Methanol Condenser

[image: image7.jpg]



Compressor
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Air Vacuum Pump
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Power Supply
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Mixing/Transfer Pump
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Methoxide Mixing Tank
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Wash Tank                                                                                                                      Drill Mixer

Disassembly

Step 1:  Removal of Fuel Dispersion Tank
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Remove 4 screws securing tank to platform. 
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Disconnect Clamp from wash tank transfer hose and remove hose from fitting.  

Step 2: Removal of Methanol Recovery system
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Disconnect compressor power cord from power strip.
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Remove quick disconnect fitting securing compressor air hose to air vacuum pump.
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Remove ¼ inch clamp securing air vacuum pump to methanol recovery tank and remove air hose.
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 Remove 2 screws securing methanol recovery tank to platform.
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Loosen clamp securing methanol transfer hose to methanol condenser unit.
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Remove 2 screws securing methanol condensing unit to mounting bracket.
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Loosen clamp securing methanol recovery hose to glycerin recovery tank and disconnect hose.
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Loosen clamp securing methanol recovery hose to reactor and disconnect hose.

Step 3 Removal of Glycerin Recovery Tank:
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Remove 2 screws securing glycerin recovery tank to platform.
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Loosen clamp securing glycerin recovery hose from reactor to glycerin recovery tank.
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Disconnect wires leading to thermocouple display.

Step 4: Removal of Wash Tank

[image: image26.jpg]



Remove 4 screws securing wash tank to raised platform.
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Disconnect drill mixer power cord from power supply.
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Loosen clamp securing hose from mixing/transfer pump and disconnect hose.
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Use drill chuck to loosen mixing paddle from drill mixer.
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Loosen bolt securing drill mixer to mounting bracket on top of wash tank.
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Loosen screw handle securing drill mixer to mounting bracket and remove drill mixer.  
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Loosen clamp securing hose to mixing/ transfer pump on bottom of wash tank.

Step 5:  Removal of Methoxide Mixing Tank
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Remove 2 screws securing methoxide mixing tank to raised platform.
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Loosen clamp securing transfer hose to reactor (caution hazardous chemicals contained in methoxide mixer use caution when disconnecting transfer hose).

Step 6: Reactor Removal
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Remove 4 screws securing reactor tank to raised platform.
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Disconnect heating elements from power supply.
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Remove 2 screws securing power supply switch to raised platform.
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Loosen clamp securing mixing loop hose to reactor and remove hose.
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Loosen clamp on bottom of reactor and disconnect transfer hose.
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Disconnect clips leading to thermocouple display.
Step 7: Removal of Mixing/Transfer Pump
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Remove 4 screws securing mixing pump to platform.
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Disconnect clamp securing mixing loop hose to mixing pump.
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Disconnect inlet hose to mixing pump.
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Remove mixing pump plug from power supply.

[image: image45.jpg]



Remove 2 screws securing pump switch to raised platform
Assembly
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Complete Plant
Step 1: Assembly of Reactor System
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Secure reactor to raised platform using 4 screws.
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Attach fluid transfer hose to bottom of reactor and clamp tight.
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Mount heating element power switch using 2 screws.
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Connect ¼ inch methanol recovery hose and clamp tight.
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Connect Pump mixing transfer hose and clamp tight.

[image: image52.jpg]



Connect thermocouple clamps to exposed wiring.
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Connect heating elements to power supply.

Step 2: Connecting Methoxide Mixer
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Connect Methoxide Mixing tank hose to reactor.
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Secure methoxide mixer in place on raised platform using 2 screws.

Step 3: Assembly of Wash Tank System
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Secure wash tank to raised platform using 4 screws.
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Connect fluid transfer hose to bottom of wash tank.
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Connect mixing pump transfer hose to wash tank.
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Insert mixing paddle into drill mixer and tighten drill chuck.
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Mount drill mixer to mounting bracket using bolt and screw handle.
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Connect drill mixer to power supply.

Step 4: Connection of Glycerin recovery system
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Connect glycerin transfer hose from reactor to glycerin holding tank. 
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Connect methanol recovery hose to glycerin holding tank.
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Secure Glycerin holding tank to platform using 4 screws.
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Connect wiring for thermocouple temperature display device.

Step 5: Connect Mixing/Transfer Pump
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Secure mixing pump switch to raised platform.
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Connect mixing pump inlet hose and secure with clamp.
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Connect mixing pump outlet hose and secure with clamp.
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Secure mixing pump with 4 screws to platform.
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Connect mixing pump to power supply.

Step 6: Connect Methanol Condenser System
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Mount methanol condenser to mounting bracket.
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Connect hose from glycerin recovery and reactor tanks.
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Connect hose to methanol holding tank.
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Secure methanol recovery tank to platform.
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Connect hose to air vacuum pump.
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Connect air vacuum pump to compressor using quick disconnect fitting.
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Connect compressor to power supply.

Step 7:  Connect Fuel Dispersion Tank
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Connect hose from mixing pump to fuel dispersion tank.
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Secure tank to platform using 4 screws.
Assembly/ Disassembly of the Design:


Due to budget constraints our theoretical design could not be made, but if the sponsor or anyone should want to build such design it would include:

· Cone bottomed reactor - with removable lid.  Commercial grade, chemically resistant  Polyethylene 
· Metal Stands and Frame
· A High capacity Processing pump (720 gph vs 330)  The higher flow ensures more complete mixing of the methoxide and oil 
· Spark free Methanol transfer - allows you to pump your methanol from a drum into your methoxide mixer with no siphoning or manual labor.  (like our system) 
· Methanol Recovery -  Includes a condenser and methanol drip tank to extract the un reacted methanol from the reactor, and the glycerine
· 4 Hour pump timer -  Allows more flexibility in how long you run your pump. And to be able to set it and forget it.
· Accurate hoppers- To allow easy transfer of methanol and lye to measuring devices so neither material has to come in contact with air or human hands
· Oil Pre-heater with thermostat 
· Insulated tanks and lines - to hold the heat during processing using a high tech insulation exclusive the our processors 

· Air powered mixer - for the included Methoxide mixing tank 
· Controllable input rate - for the methoxide.  
· Black Iron fittings – 
· Mil Spec Yellow Teflon – 
· Biodiesel Fuel Filtration setup - Comes 
· Brass ball valves - with Teflon seats & stainless plated ball valves.  PVC Ball valves Do Not hold up well to the methoxide & biodiesel mixture and begin sticking, then when you put more force to them, they snap off. 

· 2 Stage water bubble washing system - Also includes everything needed to bubble wash your fuel Including a timer to shut the bubbler off after a preset time, and the mini airraid air pump
· Flash Evaporator Drying setup -  which includes a pump to circulate the biodiesel and a heating element in the wash tank to evaporate left over water bubbles.
· Air compressor
· Glycerin storage tank
· Temp adjustable heating elements

· Vacuum pump

· Methanol collector

· Due to the nature of setting up a biodiesel processor , valves, the amount of hose, clamps, all hardware are not listed.
The Set-up of This system would basically be the same as our actual system we built with better more functional components Ie. But there would be things different which will be explained in the following paragraphs

Methanol Mixer Components:
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Instead of mixing the methanol and lye by hand one will be able to transfer all material Via hoppers to the methanol mixing tank. The mixing tank would include a paddle mixer and pressure vent ( to not let it over pressurize due to the exothermic reaction and explode). 
Z1: Picture of said Methanol mixing process

Assembly/Disassembly: To make this unit portable, there will be 2 assemble/disassemble points on the whole unit. Where the Lye and Methanol enter the Mixer unit will have shrader type connection where you simply pull up on a valve and it (snaps) together or apart. In theory these units should never need cleaning because of the fact we wouldn’t be contacting them at all. The lid on the methanol tank would be removable to allow for cleaning.

Reactor:
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The reactor will have the same connections/ same style of pumping method and heating method. The differences would be to have a conically tapered mixing tank to allow for easy removal of glycerin, two adjustable heating elements that are temperature sensitive so they self adjust to optimum temperature. 

Z2: Picture of conical tapered reactor
Assembly/Disassembly: The heating elements will be like ours a screw in type, but will be wired into a temperature adjustable thermostat that self adjusts to optimum temperature. There will be a safety feature that shuts off all power of the mixing pump and heating elements if it reaches over 180 degrees F. There would also be a timer on the reactor to shut off power to the mixing pump and heating elements when the reaction is complete. The top of the reactor would have a removable lid for cleaning, and vent lines to prevent vacuum in the reactor due to methanol recovery.
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Washing/Drying:
Our washing method was chosen because we read that the mixing vs the bubble wash causes a more violent mixture of water and biodiesel thus you can more easily tell if you had a bad or good reaction. (Because if the oil/water does not separate it is a bad reaction)  This might have been one of our problems in getting a successful batch of biodiesel but that will be explained in a later part of this report. If it were to be built on a more sufficient budget we would use the heated bubble wash and dry. 
                                           Z3:Picture of said bubble wash system
Assembly/Disassembly: The Drying of the Biodiesel will consist of removing the top of the bubble wash tank and allow the tiny left over water bubbles to evaporate. It is an option to include a mixing pump to gently mix the biodiesel to induce a faster drying time. Heat can also be added but this requires more energy, heating elements, and more cost. There would be a ball valve at the bottom of the reactor to drain the water, and About the reactor will be the water storage tank. The Air pump will pump air through the bottom of the tank, You can use a small fish pump. The washing and drying will take place in this container, so the finished product will be useable Biodiesel, So either a mechanical or electrical pump should be used to get it out.

Glycerin Recovery:
The Glycerin recovery design is essentially the same as the model we built.
 (See Assembly/Disassembly of our product)

The Design assembly/disassembly portion could not be fully created because we simply don’t have the parts, this section is here to provide the user information on possible upgrades and the way the product should have been. 

Operations Manual 

The operations manual for our system comprises of different parts, below is a detailed description on how to successfully create a reaction and have viable Biodiesel.

All instructions are understood that the operator is familiar with the ASSEMBLY/DISASSEMBLY process.6

(INSTRUCTIONS ARE IN BLACK)

(CAUTIONS ARE IN RED)

(NOTES ARE IN GREEN)

STEP 1: If using used oil, filter out all particles using a screen or of something similar

STEP 2: Heat mixture to 35 C

STEP 3: Measure out .08 litres of Pure Methanol for each litre of oil used and add to reactor vessel. Mix for 5 minutes

STEP 4: Measure out 1ml of H2SO4 95% pure sulphuric acid for every litre of oil and add to reaction

STEP 5: Continue heating at 35 C for another hour then stop heating, while mixing. Mix for another hour after heating was stopped

STEP 6: Prepare the Sodium Methoxide; measure 0.12 litre of methanol for each litre of oil and weigh 3.1 grams of sodium hydroxide, NaOH per litre of oil. Mix the lye into the methanol until the lye is completely dissolved

(MAKE SURE TO CLOSE THE NaOH CONTAINER QUICKELY AFTER USE)
(HANDLE METHOXIDE WITH CARE)
STEP 7: Let the mixture settle for 8 hours

STEP 8: Pour half of the prepared methoxide into the unheated mixture and mix for 5 minutes. (This will neutralize the sulphuric acid and boost the base catalysis.)

STEP 9: Heat the mixture to 55 C and maintain for the whole reaction.

STEP 10: Add the second half of the prepared sodium methoxide to the heated mixture and turn the mixing pump on

STEP 11: Mix for an hour and a half

STEP 12: After 20 minutes to allow the reaction to settle drain out glycerin

STEP 13: Let settle 8 hours to overnight

STEP 14: gently heat mixture to 35 C and drain off remaining glycerin

STEP 15: Transfer the mixture to the wash tank

STEP 16: measure out 1/3 the amount of water to the amount of biodiesel to be washed and ass to wash tank

STEP 17: Mount the hammer drill to the top of the mixing tank and mix at low RPM for 20 minutes

STEP 18: Let settle and repeat

STEP 19: Let stand for 24 hours with the container open

STEP 20: Drain off water and enjoy your BIO-DIESEL 

METHANOL RECOVERY:
STEP 1: Turn the heat band on the 10 gallon glycerin drum and let it get to about 64-68C 

STEP 2: Turn the vacuum pump on and it will draw the methanol vapor through the condenser and will settle in the red container 
(If you want to recover the un-reacted methanol from the reactor you can, just simply turn the vacuum pump on during the whole reaction to pick up any methanol vapor.)

Price List

	55 Gallon Steel Drum
	1
	McMaster Carr
	4115T46
	$103.93
	$103.93

	10 Gallon Steel Drum
	1
	McMaster Carr
	4115T12
	$67.18
	$67.18

	10 Gallon Steel Drum Closed Head
	1
	McMaster Carr
	4115T64
	$55.09
	$55.09

	12x12 Polyester Filter
	1
	McMaster Carr
	6376T11
	$1.43
	$1.43

	Screw-Plug Immersion Heater
	1
	McMaster Carr
	3656K322
	$192.14
	$192.14

	Purchase Order
	 
	Capital Cash & Carry
	 
	$213.00
	$213.00

	1" Clear Water Pump
	1
	Harbor Freight
	1479-7VGA
	$28.99
	$28.99

	Compressor
	1
	Harbor Freight
	96068-1VGA
	$25.67
	$25.67

	Vacuum Pump
	1
	Harbor Freight
	92475-3VGA
	$8.49
	$8.49

	Clear Tubing
	25
	McMaster Carr
	5231K265
	$1.46
	$36.50

	Weld on Tank Fitting
	1
	McMaster Carr
	12555K86
	$6.80
	$6.80

	Brass Hose Fitting
	5
	McMaster Carr
	5346K69
	$11.81
	$59.05

	Nylon Tube Fitting
	1
	McMaster Carr
	5372K627
	$14.18
	$14.18

	Couplings
	6
	Ferguson
	 
	$1.91
	$11.46

	3/4" Ball Valve
	8
	Ferguson
	PF200F
	$5.34
	$42.74

	Heat Blanket
	1
	McMaster Carr
	3545K42
	$102.91
	$102.91

	3/4" Galvanized Steel Nipple 
	16
	Ferguson
	GNFCL
	$0.77
	$12.34

	Methanol
	20
	FSU Chem Dept
	 
	$2.84
	$56.80

	Sodium Hydoxide
	3
	FSU Chem Dept
	 
	$9.58
	$28.74

	Lid
	1
	McMaster Carr
	 
	$34.99
	$34.99

	Miscellaneous
	1
	 
	 
	$300.00
	$300.00

	Total Cost of Parts Ordered
	 
	 
	 
	 
	$1,576.73

	Remaining Balance
	 
	 
	 
	 
	-$76.73


Testing

Having constructed the biodiesel plant, the testing phase of the project began.  For our first test, we decided to use waste feedstock instead of virgin feedstock due to budget issues.  We obtained the oil from a local fast food restaurant for free and purchased chemicals from the FSU Chemistry stock room.  The chemicals that were obtained were about five gallons of methanol, a jar of 500 grams of Sodium Hydroxide (NaOH), and two one liter bottles of 1.0 Normal Sodium Hydroxide solution.  After doing research as to what a 1.0 Normal solution of Sodium Hydroxide was, we discovered that the amount of sodium hydroxide was not the correct amount for our reaction.  A 1.0 normal solution is the gram-equivalent weight of solute in one liter of water.  In our case we needed about 300g of sodium hydroxide for our reaction.  The one liter bottle of solution contained only 40 grams of NaOH.

First we prepared our chemicals.  We mixed the 300 grams of sodium hydroxide with about 500mL of water.  Heat was generated as the NaOH reacted with the water.  The water and sodium hydroxide mixture was added to the methanol in the methoxide container.  The container was then placed above the reactor in its place with the valve shut to prevent the mixture from coming out.  The oil was preheated to about 55˚C.  Once the oil reached temperature, the heating element without the temperature control was turned off and the dial on the temperature control heating element was turned until the heating element shut off.  This would regulate the temperature in the reactor keeping it at the reaction temperature for the duration of the reaction.

Once the system was ready for the reaction to begin, the valve on the methoxide container was opened releasing the methoxide into the reactor.  We noticed that the temperature of the entire mixture went up about 5˚C after adding the methoxide.  This is due to the fact that the transesterification reaction is an exothermic reaction.  Once the chemicals were added to the reactor, the mixing pump was turned on and the system ran for an hour and a half.  Once the hour and a half reaction time was over, the system was left overnight to complete the reaction and settling of the glycerin.  A sample of the fluid in the reactor was taken and set aside.  A picture of the sample can be seen below.
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After examining the product of the reaction the next day, we noticed a clear separation of the glycerin and the biodiesel in the reactor.  The picture above shows clearly the separation between the glycerin and the biodiesel.  The glycerin was drained into the glycerin storage tank and the biodiesel was transferred to the wash tank.  We added about 10 gallons of water to the biodiesel in the wash tank to provide an adequate amount of water for washing.  The drill was turned on and the water was mixed with the biodiesel.  After letting the mixture settle overnight, it was noticed that the mixture had not separated, leading us to believe that the reaction had failed.  The system was cleaned and we decided to retest the system using virgin feedstock.

We purchased 10 gallons of vegetable oil from Wal-Mart and went back to the Chemistry stock room to purchase more chemicals.  The system was prepared for the virgin feedstock run, the chemicals were mixed in the methoxide mixer and the oil was preheated.  The chemicals were added and the reaction was allowed to run for an hour and a half.  The fluid settled overnight and the following day there was again a clear separation between the glycerin and the biodiesel, but once again when it was transferred to the wash tank and the water was added and mixed, the fluid never separated leading us to believe that the reaction again did not succeed.  We decided that we would try a third time to do the reaction.

This time we used a different method to produce biodiesel.  This method is a two stage process involving sulfuric acid and methoxide.  A sulphuric acid and methanol mixture is added to the oil prior to the reaction to clean the oil prior to the methoxide mixture being added.

Interestingly enough, the sample that we took from the first batch we left alone until this point.  Just to see if the sample would wash, we decided to separate the biodiesel and glycerin from that sample.  It turned out that in this sample, the biodiesel did separate out and our first reaction actually did work.  The other reactions were not needed.  Unfortunately because we did not figure this out until it was too late to send it to the Chemistry Department for analysis, we do not know the quality of our fuel.  The following images show the sample after it was washed.
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Why It’s Not Working

Overall, our system worked even though we were not able to produce a decent size batch of biodiesel.  There are a couple of possible reasons why our test batches may not have separated out in the wash stage.  Our theory is that it is a combination of these reasons.  Based on the results of the first batch, we know our reaction worked.  That was not the issue.  The problems most likely arose in the transfer of the fluid from the reactor to the wash tank.  This transfer, due to the way our system is designed with fluid from each stage traveling through the pump, most likely involved contaminating the wash fluid with glycerin, unreacted oil, and air.  The violent mixing that occurs in the pump could have either permanently mixed these reaction byproducts back into the biodiesel permanently or altered the mixture to the point that it would not separate properly when water is added.  Also, the mixing technique that we chose may have been too violent and harsh to the biodiesel to properly settle after mixing.  Each batch that we washed became milky when water was added and mixed due to the biodiesel emulsifying into the water and permanently mixing together.  If we had an equally violent way of separating the two fluids (for example with a centrifuge) we may have been able to salvage our biodiesel from these batches.

Conclusion of What to do Different


During the testing period of our project we ran three tests as mentioned.  Between each of those tests we made slight modifications.  This section of our report will be dedicated to how we would redesign major portions of our design.


During our design phase we had an intricate design to mix our chemicals.  The goal was to thoroughly mix the methanol and the sodium hydroxide in an airtight container.  Methanol and sodium hydroxide rapidly absorb water from the air.  If the ingredients are exposed to the air too long they can coagulate.  Due to budget constraints we had alter the chemical mixing design for our prototype model.  We had a ten gallon airtight tank as our mixer.  To mix the ingredients we added the methanol and the sodium hydroxide separately.  We then mixed the ingredients by shaking the barrel by hand.  Had our budget allowed, we would have used the design from our conceptual model.  Our conceptual design required a mixing tank to mix the two chemicals, two hoppers to hold the chemicals, graduated cylinders to connect the hoppers to the mixing tank, and a motor attached to the mixing tank.  The hoppers are important because they would hold a bulk amount of chemicals in an airtight container.  The graduated cylinders are a requirement to accurately measure the amount of chemicals we need depending on our batch size.  The motor is necessary for the mixing tank because the methoxide needs to be mixed in a prescribed manner to achieve a quality reaction between the methoxide and the oil.  Each separate element within the chemical mixing design would be attached with hosing and sets of valves to direct the flow of chemicals.


The reactor needs several modifications to make it more effective.  The heating elements need to be lowered within the reactor.  We reached a problem when trying to do small test batches on our system.  When there was less than fifteen gallons in the reactor the top heating element was not submerged in the fluid.  This required us to leave the top heating element off, which reduced the efficiency of our reactor.  Therefore the two heating elements need to be lowered so smaller test batches can be used.  In addition, the check valve attached to the reactor required too much PSI to open the valve.  The methanol recovery air compressor did not create enough of a vacuum in the reactor to open the valve.  The design is correct but a smaller check valve needs to be used.  Lastly, the thermocouple in the reactor did not read correctly after our first test.  During our first test the thermocouple was damaged due to large amounts of pressure on the measuring device.  The leads that are exposed to the fluid in the reactor need to be sealed so fluid cannot travel back up the wire and damage the measuring device.


When the reaction is complete the glycerin must be drained off the bottom of the reactor before the fuel can be pumped to the wash tank.  Our conceptual design had our glycerin recovery tank located directly underneath the reactor.  Due to height constraints, we could not fit the glycerin tank underneath the reactor.  We were forces to put the glycerin tank next to the reactor.  The assumption was that even though we knew the glycerin was a semi-solid substance that the pressure from the fluid on top of it would push it through our hosing and into the glycerin tank.  This assumption was incorrect.  We had a lot of difficulty trying to drain the glycerin off the bottom because the fluid on top did not provide enough pressure to push it through the lines.  In addition, the glycerin turned out to be more solid than we had previously thought.  The solution to both these problems is to place the glycerin tank directly underneath the reactor so the glycerin can be completely gravity fed into the tank.


The tank design had a large impact on our project.  The tanks we used in our project were steel tanks.  It would be wise to use either stainless steel or any type of high impact plastic that can withstand the heat and the corrosive chemicals.  The issue with the steel tanks was the rusting.  The tanks rusted very quickly and the rust on the inside of the tanks may have had an impact on the quality of our fuel.  A clear high impact plastic would be the best because the separation of the glycerin and fuel could be observed.  In addition, in the bottom of each tank we had hosing connected to direct the flow of fluid in the tank.  It would be best to make the bottom of the barrels in a conical shape to allow all of the fluid to be drained from the tank.  When the bottom of the tank is flat, it is difficult to drain the entire fluid out.  Any residual fluid left could adversely affect the reaction.


Another significant problem we had was not being able to clear the hosing completely.  When fluid would be transferred from one tank to another it was inevitable that we would lose some of fluid because we could not clear the lines.  Our prototype has one pump located in the bottom of the system that is not a self-priming pump.  The solution to clear the lines would be to purchase a self-priming pump and place the pump at the top of the system.  Therefore, the excess fluid could be drained using gravity into the desired tank. 


There are several small modifications that need to be made to improve the quality of the system and make it easier for the operators to use.  Our prototype design has several electrical components.  It would have made it easier to manage the components if they were all wired into a switchbox.  This would give the operators more flexibility in what can be on and off.  Also, a safety shut-off switch needed to be wired into the system.  Should the fluid in the reactor have gotten above a certain temperature we needed to have breaker that would shut the entire system down.  

Our prototype design has clear plastic hosing that will hold fluid no hotter than 160 degrees Fahrenheit.  The clear hosing was a must but we need hosing that will withstand a higher temperature.  Lastly, the air compressor we used in our methanol recovery system was not large enough.  The air compressor was connected to an air vacuum pump that would suck methanol vapor out of the reactor and then through condenser, and into a methanol recovery tank.  The air compressor we used was not large enough to create a vacuum within the reactor.  Therefore, it would be necessary to use a larger air compressor that can generate enough suction to pull the methanol vapors out of the reactor.

