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ABSTRACT 
 
 The purpose of this senior design project was to create a viable and affordable solution 
to removing lead from soil. Current methods of lead removal are very costly.  In order to 
identify a viable solution to this problem, several steps were taken. 
 First, research was completed to identify methods and machines currently available to 
complete this process.  Their shortcomings were noted.  A survey of possibly future 
customers was then completed to identify what customer needs would be in a lead-removal 
prototype.  This survey was completed by those experienced in lead removal.  Using the 
results from this survey, a quality function deployment (QFD) was constructed.  This 
determined the importance of each feature of the machine. The primary concern for this 
project was cost. 
 Finally, after the QFD was constructed, the product objectives were identified. The three 
most important objectives were determined to be safety, effectiveness, and cost.  Once the 
product objectives were determined, the budget and schedule for the project were identified.  
The budget for the project was projected to be $1340.   
 After the design was determined from the weighted decision matrix, the drawings and 
modeling were completed using SolidWorks.  After the design was completed, the materials 
needed to build the design were ordered.  Using the materials that were ordered, the lead 
removal prototype was constructed in the College of Applied Science machine shop.  The 
final cost of the project was $315.  In accordance with the schedule, the project was 
presented on May 7, 2009, at the College of Applied Science’s Tech Expo. 
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PROBLEM STATEMENT  
 Currently, high amounts of lead can be found in some soil where home developers are 
building new houses, especially if the homes are being constructed near highways that were 
heavily used before unleaded gas regulations came in to effect or where old shooting ranges 
used to be.  The current process of removing lead from soil involves completely removing 
the contaminated soil from the site and replacing it with fresh, non-contaminated soil.  In 
some instances, developers have paid millions of dollars to completely replenish 
contaminated sites with clean soil. 
  

SOLUTION  
 The proposed solution was the creation of a prototype machine that could be used on site 
that would separate the lead from the soil by using a heat source.  Molten lead and soil 
separate when lead is heated to its melting point.  Separating the lead from the soil on site 
would both simplify and be more cost effective than the current process of removing all the 
contaminated soil and replacing it. 
 
 

RESEARCH  
 Multiple machines currently exist that can separate metal and soil, but most of these 
machines rely on magnetic forces.  Lead does not have a magnetic attraction, which makes 
these machines useless in separating lead from soil (1).  Also, these machines are high-cost 
applications, and most are not very mobile.  Eriez’s Finesort, shown in Figure 1, is a very 
large and magnetic application.   It was not a viable solution since cost and mobility were a 
concern in this project. 

 
Figure 1 – FinesSort 

 
 A smaller metal sorter similar to the FineSort is Erium’s Scrap Drum, which can be seen 
in Figure 2.  Because of its smaller size, this drum is more mobile than many of the machines 
that separate metal from soil.  However, this drum also uses magnetic attraction to perform 
the separation, and as stated earlier, lead does not have a magnetic attraction.  Consequently, 
Erium’s Scrap Drum was also not a viable solution to the problem (2).  
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Figure 2 –Scrap Drum 
 

 
 Another separator, the MFE Primus Separator, shown in Figure 3, does not require a 
magnetic attraction to sort the metal from the soil.  With the MFE, contaminated soil flows 
downward through the machine, and the metal is separated from the soil when it flows 
downward through the system.  The setback to this design is its small size, which would not 
allow a large amount of soil to quickly flow through it (3).   

Figure 3 – MFE Primus Separator 
 
 The last separator found, which also did not use magnetic attraction to separate the 
contaminated product, was the Unicon-DS Metal Detection System.  This system conveys the 
products through a metal detector, and if the product contains metal, it is rejected.  The 
problem with this system is that it takes whole, conventional goods that consumers eat, and it 
is not an application for constant material flow (4). The system is shown below in Figure 4. 
 

 
Figure 4 – Unicon-DS Metal Detection System 

 
 Patents were also found on machines that could separate lead from soil.  These are 
shown in Figure 5 and Figure 6.  Again, these machines are too costly or involve a complex 



Lead Removal Machine Jared Kentner 

3 

process of removing the lead from the soil.  One of the machine’s manufacturers even 
admitted that their machine may not even remove most of the lead (5).  The complexity of 
these designs is shown in each of the figures. 
 

 
 
 
 
 
 
 

Figure 5 – Lead Removal Patent 1 

 

 
Figure 6 – Lead Removal Patent 2 

 
 Dave Conrad (6),  a lab professor at the University of Cincinnati, stated in an interview 
that he had previously worked with some other clients to try and build a lead removal 
machine.  Mr. Conrad confirmed a need for a machine of this type existed since it was 
costing developers a significant amount of money to completely replenish the soil on many 
construction sites. 
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 Surveys were distributed to professionals with experience with lead contamination.  
These surveys were posted on engineering internet blog forums.  They were also sent to 
home developers and engineers that had experience in lead removal.  A total of twelve 
surveys were returned, including surveys from Jan Kentner (7), a safety engineer at Ineos 
Chemicals in Lima, Ohio, and Dave Conrad, whose experience was listed earlier.  The results 
of the surveys can be found in Table 1. The surveys had factors listed that were considered 
important to the project, and each factor was rated one through five with five being the most 
important.   
 

 
 

 
Table 1- Survey Results 

  

 

 
 

 The first survey identified the importance factors as rated by each person who completed 
the survey.  The second survey identified the current satisfaction of the process as rated by 
each person returning the survey.  The percentage weight of each of the factors can be found 

Importance Average Importance
Safety 5.00

Effectiveness 4.92
Energy Efficiency 4.75

Reliability 4.42
Ease of operation 4.17

Ease of maintenance 3.67
Mobility 3.33

Compact for storage 3.17
Low Cost 3.17

Satsifaction Average Importance
Safety 4.08

Effectiveness 3.50
Reliability 3.00

Ease of operation 2.42
Ease of maintenance 2.25

Energy Efficiency 2.17
Mobility 2.08

Compact for storage 1.83
Low Cost 1.17
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in the product objectives.   
 The low cost factor came out to be the heaviest in terms of percentage weight at 20%.  
This means between the current satisfaction and the importance of this factor, cost was the 
most important factor.  It was rated low in current satisfaction while being rated very high in 
importance.  The cost factor came out to be extremely important since it is very expensive to 
currently remove lead from soil, costing up to millions of dollars, depending on the size of 
the area being decontaminated.  The number given to this column was a 4, which is higher 
than its 3.17 average importance.  
  
 
 Another important factor was energy efficiency at 16%.  This directly relates to low cost 
since cost depends on how efficient or inefficient this machine would be.  Since energy 
efficiency came out to be an important factor, the number given this was also a 4, which is 
where the average importance is rated. 
 Along with low cost, power supply came out to be the most important in relative 
importance at 2.42.  Power supply directly relates to cost savings.  The power supply was the 
only varying cost in this entire machine, since energy will always need to be purchased to 
power the machine.  Therefore, the machine must use an appropriate amount of power while 
at the same time not using a large amount of gas or electricity, which would escalate costs to 
the levels that are currently being spent on removing the lead. 
 Another engineering requirement factor was material, which came out to be a 2.17 in 
absolute importance.  The material used for this machine was very important since it 
determined the cost and safety of the unit.  The material had to be able to withstand molten 
lead, while at the same time be low cost to keep the machine at a low price. 
 
 

PRODUCT OBJECTIVES 
 
Safety (9%):  

• Safety guards will be in place to block any lead splatter and to protect any moving 
parts.  

• Lead will be stored in a proper container that is made of stainless steel or cast iron so 
it will be able to handle molten lead. 

• All materials that may possibly come in to contact with lead will be capable of 
handling molten lead, so that none of the lead can melt through the machine. 

Effectiveness (10%): 
• The unit must obtain and hold a temperature above the melting point of lead, which is  

622° F. 
• After completing the process, the contaminated soil will be returned with lead levels 

below the hazardous 300 ppm. 
• The contaminated soil will travel from the load end, through the machine, and have 

the separated material on the other side within 3 minutes. 
Cost (24%):  

• A costs savings of over 25% will be experienced since the soil will be replenished 
instead of being removed and replaced. 

Energy Efficiency (15%):  
• The machine must be able to operate off of a 20 lb propane cylinder that typically 
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powers a gas grill. 
• The unit must also be able to operate off of electric since an electric motor is needed 

to power the conveyor. A generator will be needed to provide electricity. 
Mobility (9%):   

• Because the machine has to be moved to and from contaminated areas, it will be able 
to be hauled on a trailer from spot to spot. The machine will be able to be carried by 
two people. 

 
 
Ease of Operation (10%):  

• The operator will be able to load the contaminated material onto the conveyor belt 
with a shovel, where it will be moved in to the machine. 

• The operator will be able to take away the soil that has been separated and place it 
back where it was removed. 

• The controls will be clearly marked and easily accessible. 
Reliability (8%):  

• The conveyor material will be made out of stainless steel, so it can withstand molten 
lead and high temperatures in order to maintain constant operation.  

Compact for Storage (7%):   
• The unit will be able to fit inside of a commercial storage garage or a one-car 

garage. 
Ease of maintenance (8%):   

• The design of the machine will have moveable parts for easy access for maintenance 
workers to access the moving parts by designing movable or replaceable guards. 

 
 

DESIGN ALTERNATIVES 
 
 Three concepts were created in developing an approach to this project.  The first concept 
was one that utilized an electric conveyor that would take the contaminated soil and run it 
through a gas-powered oven.  This system would melt the lead from the soil, and the 
conveyor would then take the clean soil and convey it out of the oven.  The second design 
was similar to the first design, but instead of using a gas-powered oven, the machine would 
utilize an electric-powered oven.  The final design used an electric conveyor that would take 
the contaminated soil and run it through molten lead.  The dirt would then float on top of the 
pool of lead while the lead in the soil would melt into the molten lead. 
  

WEIGHTED DECISION MATRIX 
 The engineering characteristics were taken from the quality function deployment (see 
Appendix C).  A weighted decision matrix (see Table 3) was constructed based on the 
percentage of the characteristics from the QFD.  The three design concepts were rated for 
each characteristic while also being rated against each other.  The main differences between 
the three designs were the cost and energy efficiency of the machines.  The gas-powered 
oven scored higher in both of these areas.  The gas oven would cost less since only one 
burner would need to be purchased.  In comparison, the electrical oven would take multiple 
electrical elements, which could be very expensive.  The lead pool would take a special 
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burner that would need to burn hotter to obtain a higher temperature.  Therefore, the gas-
powered oven was given a 4, or lower cost, whereas the electrical and lead pool were given a 
3, a higher cost factor.  For energy efficiency, more electrical energy is required to obtain 
higher temperatures as compared to gas energy.  This means electrical would require more 
energy usage than gas.  The lead pool scored low in this area because it would use more gas 
energy than the gas oven idea since it would have to burn at a higher temperature to keep the 
lead from solidifying.  Therefore, the gas powered oven was given a 4, or more energy 
efficient, whereas the electrical and lead pool were given a 3, or less energy efficient. 
 
 

 
Table 2 – Weighted Decision Matrix 

 
 

CONCEPT SELECTION 
 
 Based on the ratings, the gas-powered oven came out with a 3.99 compared to the 3.7 
and 2.96 for the electric and lead pool ratings, respectively.  One of the biggest reasons gas 
came out on top was that the electric concept may not be able to produce enough heat.  
Another reason is that the electrical heating elements are made of glass and might have to be 
replaced on a constant basis.  The difference was minimal between the gas and electric 
scores; however, it was enough to decide on going with the gas concept.   
 

COMPONENT SELECTION 
GRILL SHELL 
The main component of the oven system was a Brinkmann Patio Grill.  The grill was made 
out of stainless steel. It also came with a ten psi regulator, 
which was ample enough to supply enough gas to reach the 
desired temperature (630F°).  A higher regulator might cause 
a blow out in the flame and result in higher energy usage.  The 
grill also came with a 12,000 BTU burner (see Figure 7) made 
out of cast iron.  This burner was also capable of supplying 
enough heat when operated, making it an efficient burner that 
would allow thirty and a half hours of burn time if run off of a 
twenty pound propane tank.  
 

Weight Gas Score Gas Rating Electric Score Electric Rating Lead Pool Score Lead Pool Rating
Low Cost 0.24 4 0.96 3 0.72 3 0.72
Energy Efficiency 0.15 4 0.6 3 0.45 3 0.45
Effectiveness 0.1 4 0.4 4 0.4 2 0.2
Ease of Operation 0.1 4 0.4 4 0.4 3 0.3
Safety 0.09 4 0.36 4 0.36 2 0.18
Mobility 0.09 3 0.27 5 0.45 3 0.27
Reliability 0.08 5 0.4 4 0.32 3 0.24
Ease of Maintenance 0.08 4 0.32 4 0.32 4 0.32
Compact for Storage 0.07 4 0.28 4 0.28 4 0.28

3.99 3.7 2.96

Figure 7 – 12,000 BTU 
Burner 
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CONVEYOR 
The conveyor system was taken out of a Holman BF700 toaster oven and is powered by a 
208 volt motor.  It is a chain- driven conveyor that has a variable speed controller.  This 

makes it easier to adjust the speed of the conveyor under 
varying conditions since the outside temperature does 
make a difference in melting time.  It also has a stainless 
steel belt, which makes it ideal for high temperatures.  This 
conveyor system was mounted inside the gas grill.  The 
conveyor is approximately ten inches wide by nineteen 
inches long, which will allow it to fit inside of the gas grill. 
This allows the lead to be melted from the soil and melt 
through the space between the conveyor wires. 
 

DESIGN ANALYSIS 
CALCULATION 
 The conveyor needed to run at a specified speed, so that the lead would completely melt 
from the soil.  To find the time it would take the lead to melt from the soil, the equation in 
Figure 9 was used: 

  
 The t represents the time it would take in seconds.  The sensible and latent heat of the 
lead, which represents the total energy needed to melt the lead, were added together, which 
came out to be 409.89 Joules and 250 Joules, respectively.  The total energy needed to melt 
the lead was then divided by the total power of the grill, which is 12,000 BTUs.  This yielded 
.89 seconds to melt the sample piece of lead. 
 

COMPONENT DESIGN 
Shell Design 
 The components that were mentioned earlier in 
component selection had to be modified in order to come 
up with a working prototype.  To achieve the 630F° 
temperature, a small area of the top part of the grill was cut 
out on the sides to allow the contaminated soil to enter and 
exit the oven as shown in Figure 10.  The area cut out 
measures 6” wide by 1” tall.  To insert the contaminated 
soil into these slots, load and unload plates were made from 
sheet metal.  They were bolted to the side where the slots 
are located.  Since openings were fabricated in the shell, which 
created heat loss, the back of the top part of the grill shell were 
welded shut to prevent any further heat loss. These were old vent holes that vented the grill 
when in operation.  A simple piece of sheet metal was used to close off these vent holes.  

Figure 8 – BF700 conveyor 

Figure 9 – Time Equation 

Figure 10 – Top Part of Shell 
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This is shown in Figure 11.  At the bottom of the 
heating chamber, a lead holder was implemented to 
catch any of the lead that would fall through the 
conveyor.  This prevented any vaporization of lead as 
well as kept the molten lead away from the operator.  
This is show in Figure 11. 
  
Conveyor Design 
 In order to mount the conveyor above the gas 
burner, perforated wire was welded to the grill just 
above the gas burner to support the entire conveyor.  
Perforated wire was used since it was easy to fabricate L brackets to mount the conveyor to 
the perforated wire. 
 The gap between the conveyor’s links was approximately .5 inches, which left too large 
of an open area for the lead to fall through.  A significant amount of soil would also fall 
through.  In order to address this problem, a stainless steel filter wire was placed just below 
the conveyor to cut down on dirt loss.  
 
Motor Design 
 The motor for the conveyor had to be placed where it could spin the conveyor in order to 
continuously move the conveyor.  The shaft of the conveyor was placed just outside the shell 
so it could be connected to its sprocket to rotate.  In order to rotate the conveyor sprocket, the 
motor had to be placed on the front part of the grill shell.  The motor was placed just below 
the heat chamber on the front side of the prototype.  It was mounted to a 6” x 6” steel plate 
that was bolted to the machine.  This can be seen in the completely assembly in Figure 12.  
This allowed the chain for the motor to reach both the sprocket on the shaft and the shaft on 
the motor.  The motor speed control knob was placed next to the burner adjuster on the front 
of the prototype.  A safety cage was installed to prevent loose clothing or fingers from 
getting caught in the sprockets or chain. 

Figure 11 - Top Part of Shell 
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Figure 12 – Complete Assembly 
 
FABRICATION AND ASSEMBLY 
 
OVEN FABRICATION 
 To obtain the 6” x 1” slot on the sides of 
the grill, a plasma cutter was used to cut the 
rectangular holes.  A straight edge was used 
to obtain straight lines.  After the slots were 
cut out, L brackets were drilled, so that the 
load and unload plates could be bolted to 
these brackets.  This is shown in Figure 13.  
To close off the holes, a scrap piece of sheet 
metal was spot welded onto the back of the 
top part of the grill.  This was shown in 
Figure 11 in the design section.   
 The conveyor shaft on the rotational end 
needed to extend out on the outside of the 
shell so it could be rotated by its sprocket. In order to accomplish this, a small rectangular 
piece was cut out of the shell with a plasma cutter on the front left so the lid could be opened 
and closed with the shaft extending out of the outside shell. 

Figure 13 – Slots with Brackets 
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 Finally, a protective steel plate was fabricated and placed above the burner of the oven to 
protect the burner from molten lead that could 
potentially get hot enough and evaporate.  
This is show in Figure 14.  After this was 
done, perforated wire was spot welded on the 
inside of the oven to mount the conveyor, 
which can also be seen in Figure 14. 
 

CONVEYOR FABRICATION 
 In order to remove the conveyor from the 
toaster oven, plasma cutters were used to cut 
the toaster oven in to pieces.  After cutting the 
toaster oven in to pieces, the conveyor itself 

was unwired, and then the final cutting was 
done to obtain just the conveyor itself from 
the toaster oven. 
 After the conveyor was cut from the oven, the wire filter was placed and then spot 
welded just below the wire links that run on top of the conveyor.  The wire can be seen in 
Figure 16. 
 

COMPLETE ASSEMBLY 
 After the oven and conveyor fabrication, the prototype was assembled.  The conveyor 
was placed on top of the perforated wire and bolted in place with an L bracket that was spot 
welded to the perforated wire.  It was also bolted on the other side to a small edge that ran 
along the inside ledge of the oven chamber.  The conveyor assembly and bolting can be seen 
in Figure 15.  

Figure 14 – Protective Plate 

Figure 15 - Conveyor Assembly w/ Bolting 
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After the conveyor was bolted in placed, the motor was bolted onto the 6” x 6” steel plate.  
The sprockets were placed on the motor shaft and the conveyor shaft, and the chain was 
linked up to both the sprockets and rewired in parallel series.  After the motor was hooked 
up, the safety cage, which was made with perforated wire with filter wire spot welded on top 
of it, was bolted over the sprockets and chain.  Finally, the load and unload plates were 
bolted on each end to complete the assembly.  The final assembly can be seen in Figure 16. 
 

 

 
TESTING 
 When the prototype was constructed, two tests were performed to determine the 
effectiveness of the prototype.  It took approximately 15 minutes for the prototype to come 
up to temperature.  In the first experiment, 14 grams of lead were inserted into the machine 
along with one square foot of soil.  It took approximately one minute and forty seconds for 
the soil to move through the machine.  When collecting the lead that had melted from the 
soil, it was weighed again.  Approximately, 12.7 grams were recovered from the inside of the 
grill.  Unfortunately, the lead did not fall into the lead collector in the bottom of the grill.  
However, there was no visible evidence of lead in the soil that had run through the machine. 
 A second experiment was conducted using 12.6 grams of lead.  It took the same amount 
of time to move one square foot of soil through the machine.  This time, 11.1 grams were 
retrieved from inside the machine. Again, there was no visible evidence of lead in the soil 
that had passed through the machine 
 In both cases, not all of the lead was recovered from the soil.  However, there was 

evidence of lead stuck between the wire filter 
inside the grill, which can be seen in Figure 15.  
This means that not only could lead be stuck to the 
wire filter, but it also may be in small places that 
are not as evident.  This skewed some of the results 
of the testing.  The lead also did not fall into the 
lead catcher at the bottom of the grill that was 

Figure 17 – Lead between wire filter 

Figure 16 - Final Assembly 
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designed to keep it away from the heat.  This was due to the testing not occurring on level 
ground.   
  
 
 

 
CONCLUSION 
 The lead removal prototype was successful in removing lead from the soil.  The 
prototype was designed and built at the College of Applied Science.  The prototype met all of 
the product objectives, therefore making it a successful project.  Based on the test results, no 
visible evidence of lead existed in the soil that had passed through the prototype, but not all 
of the lead was accounted for after it had been melted out.  With better testing methods, the 
prototype could be a solution in removing lead from soil.   

FUTURE IMPROVEMENTS 
 A few improvements could be implemented to reflect better results.  First, a higher BTU 
burner could be installed to get the temperature to rise quicker.  The higher BTU burner 
could also allow a ventilation system that could be put in place to protect from vaporized 
lead, since more heat would be permitted to escape.  Second, a smaller wire filter could be 
used to cut down on the dirt loss.  Finally, a standard 110 volt system might be used for 
easier operation. 

 
 
PROJECT  MANAGEMENT   
 The proof of design occurred on November 25, 2009, which started the design process of 
the machine.  The design freeze was on January 26, 2009, to ensure no other modifications 
would be made to the machine.  The winter design report was submitted on March 9, 2009.  
The final test was on May 1, 2009, which ensured the design was a viable solution.  The 
project was on display at Tech Expo on May 7, 2009.  The spring design report was 
submitted by June 5, 2009. 
 The budget was constructed by mainly searching the internet for pricing.  The budget is 
show below in Table 3. 
 
 

Table 3 - Budget 
 

 
 
 

Materials, Labor, and Components Forecasted Amount Estimated Amount Actual Amount
Stainless Steel (gri ll) 200 200 Donated
Conveyor with Motor 800 240 240
Heating Device 50 50 Donated
20 lb Propane Cylinder 25 25 30
Steel Filter 30 30 15
Misc. Parts 100 100 30
Total 1205 645 315
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The FC-2 conveyor oven from Doyon is known 
worldwide for its revolutionary "Jet Air" turbo fan 
system the air is blown around your product for a 
100% uniform baking everytime. The FC-2 is simply 
the most versatile oven on the market available with a 
38" opening as a single, stacked or in-line tunnel for 
any space conscious owner (20% to 30% more) and 
production (20% to 30% more) that no one can match. 
This system will help you bake faster and more evenly 
with a minimum of supervision from your staff 
members. 

• 36” wide belt 
• Natural gas, propane, and electrical capable 
• Easy cleaning 
• Recycles hot air 
• Adjustable belt speed and time control 
• Conveyor can be modified 

 

Has many capabilities 
Very Expensive 
Built for cooking food 
Only capable of 600F 
Mobile 
Heavy 
Gas not provided 
Complex design 

http://www.pizzaovens.com/
Specifications/Doyon/FC2.ht
m 9/28/08 Doyon FC-2 conveyor 
oven, www. Pizzaovens.com  

Interview with adjunct professor, Sep. 25, 2008 
Dave Conrad, lab professor, 2220 Victory Parkway, Cincinnati, OH, 45206 
Has previously worked on similar project, but did not go through 
Machine should have conveyor to carry lead through oven 
Knows who the potential customers could be 
The soil and lead should be preheated, so the lead can melt faster 
The machine might have to contain molten lead to melt the lead 
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• Eriez' new FinesSort™ Metals Recovery System is 
the ultimate in fine particle metal reclamation 
FinesSort's series of powerful magnetic 
components recover valuable ferrous and non-
ferrous metals from the fines waste stream in scrap 
yards. This system not only reduces the amount of 
waste destined for landfill, but reclaims thousands 
of pounds of metals per day. 

 

Metal recovery system 
Separates metals at landfill 
Not mobile 
Separates metals from waste 
materials 
Big system 
 

  
 
 

 
 

These Scrap Drums use Erium™ permanent 
magnet material and bucking poles to project a 
deep magnetic field for removal from distances of 
up to 15 inches (380 mm). Options include support 
frames, drive packages etc. 

Metal recovery system 
Use magnetic field, but lead is 
not magnetic 
No power is required 
 
 

http://www.eriez.com/Products/Recy
cling/FineSort/ 
 
FinesSort Fines Metal Recovery System 
 
www.eriez.com 

http://www.eriez.com/Products/Mark
ets/Recycling/MagneticDrumSeparat
orsRecycling/PerMDS/ 
 
Large drum magnetic separators 
 
www.eriez.com 
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UNICON-DS metal detection systems detect all magnetic 
and non-magnetic metal contaminants (steel, stainless 
steel, aluminium etc), even those which may be contained 
in the product. If metal is detected the affected product is 
automatically removed from the material flow. 

 

Metal detection and sorter 
system 
Utilizes conveyor 
Not very mobile 
Inspects food and packaged 
materials 
Not very mobile 
 
 

http://www.se-so-tec-
usa.com/belt_conveyors/?n
=25-79-102&proId=55 
 
Belt conveyors 
 
www.se-so-tec-usa.com 
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MFE PRIMUS metal separation systems remove magnetic 
and non-magnetic metal impurities (steel, stainless steel, 
aluminium etc) from standing or slow-moving columns of 
bulk material. They are installed directly above the 
material infeed of extruders, injection moulding or blow 
moulding machines. 
 

 

Used for big loads 
Compact and is attachable to a 
conveyor 
Detects and removes metal  
 
 

http://www.se-so-tec-
usa.com/metal_separators/
bulk_material_columns/?n
=25-79-101&proId=126 
 
Bulk material 
 
www.se-so-tec-usa.com 
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This invention relates to process and apparatus for 
recovering and cleaning lead shot, bullets and slugs of 
various sizes from shooting range backstops and 
similar sites. The process involves excavating the site 
material and delivering same to a surge hopper from 
which the material is metered substantially uniformly 
to a vibratory feeder. The material is delivered by the 
feeder to a shredder which serves to condition and de-
agglomerate the material for uniform flowability and 
separation. The shredded material is delivered to a 
trommel screen for initial separation into two major 
fractions, returning the larger particle fraction to the 
excavation site and delivering the smaller particle 
fraction to a sizing screen. The smaller particle 
fraction is sized into (a) all particles larger than the 
finest lead shot, bullets and slugs determined as 
existent at the site and (b) all particles smaller than the 
finest lead shot, bullets and slugs, both the oversized 
(a) and the undersized... 

High Cost 
Complex design 
Multiple steps involved in removal 
Might still contain to high of a percentage of 
lead 

http://www.google.c
om/patents?id=20Qf
AAAAEBAJ&dq=re
move+lead+from+soi
l 
 
Google, Patent 
Search, Separate 
Lead from Soil 
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A mobile system for the remediation of a mixture of 
lead-contaminated soil and waste lead-acid battery 
casings includes a plasma arc furnace unit having a 
plasma arc torch which operates at a sufficiently 
elevated temperature to (i) convert the battery casings 
in the mixture into a combustible gas, (ii) volatilize 
lead contaminants which are present in the mixture 
and entrain the volatilized lead contaminants as a 
vapor in the combustible gas, and (iii) vitrify the soil, 
whereby lead contaminants that were present in the 
mixture are substantially removed therefrom. An 
internal combustion engine-driven generator supplies 
the plasma arc furnace with electrical power. In this 
regard, the internal combustion engine-driven 
generator receives the combustible gas from the 
plasma arc furnace as a fuel source in order to drive 
the generator. A lead-filtration unit is preferably 
interposed between the generator and the plasma arc 
furnace so as to receive the combustible gas 
generated... 

High Cost 
Complex design 
Multiple steps involved in removal 

http://www.google.c
om/patents?id=20Qf
AAAAEBAJ&dq=re
move+lead+from+soi
l 
 
Google, Patent 
Search, Remove lead 
from soil 
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APPENDIX B: SURVEY 
 

LEAD REMOVAL MACHINE 
CUSTOMER SURVEY 

I am a senior at the University of Cincinnati studying Mechanical Engineering Technology.  The purpose of 
my senior design project is to create a machine that will separate lead from contaminated soil.  Please take a 
few minutes to answer the following questions. 
 
How important is each feature to you for the design of lead removal machine?  
Please circle the appropriate answer.     1 = Low Importance              5 = High Importance 
 
 Safety 1 2 3 4 5 N/A 
 
 Energy Efficiency 1 2 3 4 5 N/A 
 
 Reliability 1 2 3 4 5 N/A 
 
 Compact for storage 1 2 3 4 5 N/A 
 
 Ease of Operation  1 2 3 4 5 N/A 
 
 Effectiveness 1 2 3 4 5 N/A 
 
 Mobility  1 2 3 4 5 N/A 
 
 Low Cost 1 2 3 4 5 N/A 
 
 Ease of maintenance 1 2 3 4 5 N/A 

 
How satisfied are you with the current method of removal of lead from soil?   
Please circle the appropriate answer.      1 = Very Unsatisfied                       5 = Very Satisfied 
 
 Safety 1 2 3 4 5 N/A 
 
 Energy Efficiency 1 2 3 4 5 N/A 
 
 Reliability  1 2 3 4 5 N/A 
 
 Compact for storage 1 2 3 4 5 N/A 
 
 Ease of Operation 1 2 3 4 5 N/A 
 
 Effectiveness 1 2 3 4 5 N/A 
 
 Mobility  1 2 3 4 5 N/A 
 
 Low Cost 1 2 3 4 5 N/A 
 
 Ease of maintenance 1 2 3 4 5 N/A 

 
How much would you be willing to pay for this machine? $100 - $200,  $200 - $500,  $500 - $1000, 

                      $1000 - $2000,      $2000 - $4000  
 

THANK YOU FOR YOUR TIME.
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Safety 1 9 1 9 9 5 1 3.75 5 1.3 6.7 0.10 10%
Energy Efficiency 9 3 4 1 1.5 4 2.7 10.7 0.16 16%
Reliability 3 1 3 1 4 1 3 4 1.3 5.3 0.08 8%
Compact for storage 1 3.2 1 2 3 1.5 4.8 0.07 7%
Ease of operation 9 1 4.2 1 2.25 4 1.8 7.4 0.11 11%
Effectiveness 1 1 3 3 9 3 3 5 1 3.5 5 1.4 7.1 0.11 11%
Mobility 3 9 3.3 1 2 3 1.5 5.0 0.08 8%
Low Cost 9 3 9 3.3 1 1 4 4.0 13.3 0.20 20%
Ease of maintenance 1 3.7 1 2 3 1.5 5.5 0.08 8%
Abs. importance 1.80 2.42 1.36 2.17 0.41 1.32 1.32 1.32 1.24 13.3 65.8 1.00
Rel. importance 0.13 0.18 0.10 0.16 0.03 0.10 0.10 0.10 0.09
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APPENDIX D: PRODUCT OBJECTIVES 
Lead Removal Machine 

 The following is a list of product objectives and how they will be obtained or 
measured to ensure that the goal of the project is met. The product objectives will focus 
on a lead removal machine that will take lead out of contaminated soil. The machine will 
focus on areas where urban development is possible. 
Safety:  

• Safety guards will be in place to block any lead splatter and to protect any 
moving parts.  

• Lead will be stored in a proper container that is made of stainless steel or cast 
iron so it will be able to handle molten lead. 

• All materials that may possibly come in to contact with lead will be capable of 
handling molten lead, so that none of the lead can melt through the machine. 

Effectiveness: 
• The unit must obtain and hold a temperature above the melting point of lead, 

which is  622° F. 
• After completing the process, the contaminated soil will be returned with lead 

levels below the hazardous 300 ppm. 
• The contaminated soil will travel from the load end, through the machine, and 

have the separated material on the other side within 3 minutes. 
Cost :  

• A costs savings of over 25% will be experienced since the soil will be 
replenished instead of being removed and replaced. 

Energy Efficiency:  
• The machine must be able to operate off of a 20 lb propane cylinder that typically 

powers a gas grill. 
• The unit must also be able to operate off of electric since an electric motor is 

needed to power the conveyor. A generator will be needed to provide electricity. 
Mobility:   

• Because the machine has to be moved to and from contaminated areas, it will be 
able to be hauled on a trailer from spot to spot. The machine will be able to be 
carried by two people. 

Ease of Operation:  
• The operator will be able to load the contaminated material onto the conveyor 

belt with a shovel, where it will be moved in to the machine. 
• The operator will be able to take away the soil that has been separated and place 

it back where it was removed. 
• The controls will be clearly marked and easily accessible. 

Reliability:  
• The conveyor material will be made out of stainless steel, so it can withstand 

molten lead and high temperatures in order to maintain constant operation.  
Compact for Storage:   

• The unit will be able to fit inside of a commercial storage garage or  a one-car 
garage. 

Ease of maintenance:   
• The design of the machine will have moveable parts for easy access for 

maintenance workers to access the moving parts by designing movable or 
replaceable guards. 
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APPENDIX E: SCHEDULE 
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APPENDIX F: BUDGET 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Materials, Labor, and Components Forecasted Amount Estimated Amount Actual Amount
Stainless Steel (gri ll) 200 200 Donated
Conveyor with Motor 800 240 240
Heating Device 50 50 Donated
20 lb Propane Cylinder 25 25 30
Steel Filter 30 30 15
Misc. Parts 100 100 30
Total 1205 645 315
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