
FRANKLIN  

engineering group, inc. 381 Riverside Drive, Suite 200 
 Franklin, TN  37064 
 615/591-0058 voice 

 

www.franklinengineering.com 

 

 

CLARIFIER WASTE TREATABILITY STUDY  

PHASE 3 REPORT 

PILOT PLANT OPERATION 

 

 

 
Prepared for: 

 

Rhodia, Inc. 

Silver Bow 

119130 German Gulch Road 

Butte, MT 59750 

 

 

 

 

 

Prepared by: 

 

Franklin Engineering Group, Inc. 

381 Riverside Drive, Suite 200 

Franklin, TN 37064 

 

 

 

 

February 2012



 2

TABLE OF CONTENTS 
 

1.0  INTRODUCTION ....................................................................................................................................4 

2.0  PILOT PLANT DESCRIPTION ............................................................................................................5 

2.1 Overview ..................................................................................................................................................5 

2.1.1 Removing Material from the Clarifier ..............................................................................................5 

2.1.2 Loading Mud Still .............................................................................................................................5 

2.1.3 Operating the Mud Still ....................................................................................................................6 

2.1.4 Unloading Mud Still ..........................................................................................................................6 

2.2 System Components ................................................................................................................................6 

2.2.1 Pan Still .............................................................................................................................................6 

2.2.2 Condenser .........................................................................................................................................6 

2.2.3 Recirculation system .........................................................................................................................6 

2.2.4 Control Systems ................................................................................................................................7 

2.2.5 Furnace .............................................................................................................................................7 

2.3 Operations Narrative ................................................................................................................................8 

3.0  2011 TESTING PLAN .............................................................................................................................9 

3.1 Overview ..................................................................................................................................................9 

3.2 Inividual Tests ........................................................................................................................................10 

3.2.1 Test Run #1 .....................................................................................................................................10 

3.2.2 Test Run #2 .....................................................................................................................................10 

3.2.3 Test Run #3 .....................................................................................................................................10 

3.2.4 Test Run #4 .....................................................................................................................................10 

3.2.5 Test Run #5 .....................................................................................................................................10 

3.2.6 Test Run #6 .....................................................................................................................................10 

3.2.7 Test Run #7 .....................................................................................................................................10 

3.2.8 Test Run #8 .....................................................................................................................................11 

3.2.9 Test Run #9 .....................................................................................................................................11 

3.2.10 Test Run #10 .................................................................................................................................11 

3.2.11 Test Run #11 .................................................................................................................................11 

3.2.12 Test Run #12 .................................................................................................................................11 

4.0  TEST RUN OBSERVATIONS .............................................................................................................11 

4.1 Test Run #1 ............................................................................................................................................11 

4.2 Test Run #2 ............................................................................................................................................12 

4.3 Test Run #3 ............................................................................................................................................13 

4.4 Test Run #4 ............................................................................................................................................13 

4.5 Test Run #5 ............................................................................................................................................14 

4.6 Test Run #6 ............................................................................................................................................15 

4.7 Test Run #7 ............................................................................................................................................15 

4.8 Test Run #8 ............................................................................................................................................16 



 3

4.9 Test Run #9 ............................................................................................................................................16 

4.10 Test Run #10 ........................................................................................................................................17 

4.11 Test Run #11 ........................................................................................................................................17 

4.12 Test Run #12 ........................................................................................................................................17 

5.0  DATA ANALYSIS .................................................................................................................................18 

5.1 Furnace Still Temperature .....................................................................................................................18 

5.2 Vapor Line Temperature ........................................................................................................................18 

5.3 Condenser Related Temperatures ..........................................................................................................19 

5.4 Condenser and Vapor Line Pressure ......................................................................................................19 

5.5 Furnace Power Consumption .................................................................................................................19 

5.6 Test Run Time Duration ........................................................................................................................19 

6.0  CONCLUSIONS .....................................................................................................................................20 

7.0  APPENDICES ........................................................................................................................................23 

7.1 2011 Test Plan 

7.2 Drawings 

7.3 Procedures 

7.4 Waste Plan 

7.5 Clarifier Material Summary 

7.6 Operator Log Sheets and Test Run Notes 

7.7 Pilot Recovery System Summary 

7.8 Graphs of Raw Data 

7.9 HMB Summary Sheets and Analysis Charts 

7.10 Residue Analysis Summary 

8.0   PICTURES 

 
 



 4

1.0 INTRODUCTION 
 
The clarifier at the former Rhodia phosphorus manufacturing facility in Silver Bow, Montana contains 

approximately 500,000 gallons of solidified phosphorus-rich material. It contains 8 to 9 feet of 

phosphorus-rich material covered by more than 2 feet of water (the water cap). This material consists of 

elemental phosphorus (about 20% [v/v]), water and solids including phosphate dust, coke dust, and silica dust.   

 

In 2007, Rhodia retained Franklin Engineering Group (FEG) to perform Phase 1 of a Treatability Study for 

this material.  Phase 1 involved the compilation of process information for several candidate processes for 

treatment  of the phosphorus-rich solids in the clarifier.  A report summarizing the findings from the Phase 1 

research was submitted in October 2007.  The Phase 1 report was approved by the US Environmental 

Protection Agency (EPA) in February 2009.  A joint decision was made between Rhodia, the Montana State 

Department of Environmental Quality (MDEQ), and the EPA to further evaluate batch still technology similar 

to that developed by Albright and Wilson (A&W) for evaporation and subsequent recovery of the phosphorus.  

This technology was chosen because it: 

 

 Has proven to be effective in processing similar materials  

 Allows Rhodia to recover the phosphorus contained in the clarifier  

 Could be evaluated with pilot-scale equipment 

 Reduces total volume of waste 

 

In 2009, Rhodia retained FEG to perform Phase 2 of the treatability study: a more thorough evaluation of the 

still-based phosphorus recovery process.  This evaluation included reviewing available processing systems, 

selecting the most appropriate system for testing and pilot plant system design. The pilot plant was 

constructed and a series of test runs were completed during 2010.  The Phase 2 report described the various 

options reviewed for the type of vessel (still) available to vaporize the phosphorus, describes the actual pilot 

plant design, and presents test results and data from the 2010 operation of the pilot plant. 

 

In January 2011, a meeting was held in Scottdale Arizona to discuss the following items: 

 Lessons learned from the pilot plant runs completed in 2010 as well as lessons from previous sludge 

revovery operations. 

 Modifications/improvements to the pilot plant and/or processes before the next series of runs planned 

for the summer of 2011.   

 A test plan to demonstrate the pilot plant elements/processes most important to a successful full scale 

operational plant. 

 Review and comment on the Phase 2 Report. 

 

The meeting was attended by representatives from Rhodia, Kase Warbonnet, Franklin Engineering Group, 

Barr Engineering, and Kevin Ryan a Consultant.  The final test plan consisted of 12 runs of various batch 
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sizes, with and without agitation, and various temperature profiles (See Appendix 7.1 – “2011 Test Plan”).  

After the modifications and improvements to the pilot plant were implemented, the 12 runs identified in the 

test plan were processed through the pilot plant during the summer of 2011.  This report describes the 12 test 

plan runs and presents lab test results, data, and conclusions for the 12 runs. 

 

2.0  PILOT PLANT DESCRIPTION 

2.1 Overview 

The Mud Still Pilot Plant was constructed in 2010 as a part of the Treatability Study for the 100’ Clarifier.  

The Pilot Plant was designed to evaluate Mud Still Technology for use on material contained in the clarifier at 

the Silver Bow Site.  The technology is based on using an electrically heated still to vaporize phosphorus 

contained in the clarifier material. The system consists of three functional sections: a stainless steel pan still 

with a separate 27 kW electric furnace to heat the sludge and vaporize the phosphorus, a stainless steel 

condenser to condense and recover phosphorus, and a stainless steel recirculation tank and pump to capture 

the overflow water from the condenser and recirculate back to the condenser.  The phosphorus is condensed 

and collected as a separate material.  The remaining residue is also collected and evaluated as a waste. The 

overall process is shown on the Process Flow Diagram/Heat and Material Balance (Drawing # 721-101; See 

Appendix 7.2 – “Drawings” for all drawings). A more detailed depiction of the process, with controls and 

instrumentation shown, is provided by the attached Piping & Instrumentation Diagram’s (Drawing # 721-111 

and 721-114).   

Operation of the Mud Still Pilot Plant is a batch process with 4 distinct operations: 

1. Removing material from the clarifier 

2. Loading the Mud Still 

3. Operating the Mud Still 

4. Unloading the Mud Still and Waste Evaluation 

2.1.1 Removing Material from the Clarifier 

In order to use material that is fairly representative of the clarifier contents, three sample locations around the 

clarifier were selected.  At each location, samples were obtained from 3 depths: 4’ below water level, 8’ below 

water level, and 12’ below water level.  Using a CAT 320 Excavator, 350-400 pounds of material was 

removed from the clarifier at the designated depth and placed in 55 gallon drums.  Each drum was labeled and 

placed on the drum decontamination pad.  These drums were then sampled and analyzed to determine 

phosphorus, water and solids content.  The sampling procedure and locations are detailed in Appendix 7.3 – 

“Procedures”.  

 2.1.2 Loading Mud Still 

The still is placed on the drum scale in preparation for loading.  After a drum has been selected for a test, 

agitate the drum to insure a homogeneous mixture is used to load the still.  Once the drum has been agitated, 

pour the contents into the still until the desired weight is reached.  Place the lid on the still, tighten all bolts, 

and weigh the entire assembly prior to installation.  Install the still and complete all piping connections.  The 

loading procedure is detailed in Appendix 7.3 – “Procedures”. 
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2.1.3 Operating the Mud Still 

After all piping connections have been completed and operational checklists have been completed, turn the 

furnace on and set the temperature set point to 700°F.  Maintain this still temperature until all water has been 

evaporated (indicated when the still temperature exceeds 250°F).  At this point, raise the furnace temperature 

set point to 1200°F.  Maintain this temperature until all white and red phosphorus has been vaporized and 

removed (indicated when still temperature nears furnace temperature and vapor line temperature decreases).  

When all phosphorus has been removed from the still, turn the furnace off.  Remove all phosphorus collected 

in the condenser and allow the system to cool.  The operating procedure is detailed in Appendix7.3 – 

“Procedures” 

2.1.4 Unloading Mud Still 

Once all equipment is cooled to ambient temperature, disconnect all piping, remove the still from the furnace 

and weigh the assembly.  Remove the still lid and inspect for evidence of phosphorus (burning in the still).  If 

no phosphorus is present, collect and sample for waste analysis.  The Waste Plan is detailed in Appendix 7.4 – 

“Waste Plan”. 

 

2.2 System Components 

2.2.1 Pan Still 

The pan still design uses a section of 24” schedule 40, stainless steel pipe with a flat plate for a bottom and a 

stainless steel flange at the top for attaching a lid.  This is shown in Drawing # 721-420.  The design capacity 

for the still is 3 cubic feet of clarifier material per batch.  The lid has a matching flange to mate up to the 

bottom section and seal the still during operation.  The lid is also equipped with an agitator to enhance the heat 

and mass transfer efficiency of the still, shown in Drawing #721-421. The still assembly is placed  within the 

electric furnace during operation. 

 2.2.2 Condenser 

The condenser is a counter current flow, direct contact, stainless steel vessel with three water nozzles that 

spray downward inside the condenser.  The hot gases from the still enter through a side inlet near the bottom 

of the condenser, rise through the falling water spray, and exit through the vent at the top of the condenser.  

This gas flow is enhanced by a scrubber/eductor on the scrubber vent.  Water and/or phosphorus vapor is 

condensed by the water sprays and settles in the bottom of the condenser.  The condensed phosphorus is 

recovered at the end of each batch from the bottom of the condenser and collected in a water filled drum.  The 

condenser design is shown in Drawing # 721-401. 

2.2.3 Recirculation system 

The recirculation system consists of a stainless steel recirculation tank and pump to circulate heated process 

water through the system.    The water overflow from the condenser is collected in the tank and recirculated 

back into the condensing system. Any phosphorus carryover from the condenser is collected in the bottom of 

the recirculating tank and drained into a water filled recovery drum at the end of the test.  Any water overflow 
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from the recirculating tank is returned to the clarifier.  The recirculation tank design details are shown in 

Drawing # 721-402. 

 

2.2.4 Control Systems 

Key process variables are measured with field instrumentation.  Instrument signals are sent to a data recorder 

for real-time monitoring and data recording.  

 

There are two control loops used for controlling the system when in operation.  The first control loop controls 

the electric furnace temperature to a setpoint entered manually by the operator through the front faceplate of 

the furnace controller.  A thermocouple mounted on the furnace face is used by a Eurotherm controller to 

modulate silicon controlled rectifiers regulating the power to the heating elements of the furnace.  The second 

control loop regulates the temperature of the recirculation water to the direct contact condenser by adjusting 

the amount of make-up water introduced into the recirculation line. A thermocouple mounted in the 

recirculation line is connected to a Red Lion controller outputting to a control valve in the make-up water 

supply line. The operator adjusts the temperature of the recirculation line water via the manually entered 

setpoint on faceplate of the Red Lion controller. 

 

Pressure within the furnace/condenser system is controlled manually using a ball valve to adjust the flow of 

recirculation water to the scrubber/eductor on the top of the condenser. There are both electronic pressure 

transmitters and visual pressure indicators on the vapor line from the furnace to condenser, and on the top gas 

exit line of the condenser immediately prior to the scrubber/eductor.  These instruments are used by the 

operator to control the pressure in the vapor line from the furnace to near zero inches of water column pressure 

or slightly negative.  The pressure is controlled near zero to minimize the possibility of pulling oxygen into the 

system, or pushing phosphorus out.  Either condition would likely initiate a fire. 

 

Heated nitrogen is introduced to the furnace vapor space to act as a carrier gas for the phosphorus vapors.  The 

nitrogen is introduced at the packing gland for the agitator (when present) and through a nozzle on the furnace 

lid.  The nitrogen supply is from a pressurized nitrogen cylinder.  The cylinder pressure is reduced using a 

pressure reduction valve to a level appropriate for the furnace.  The flow rate of gas is regulated by two 

rotometers, one for each supply point to the still. 

 

2.2.5 Furnace 

The electric furnace is from Mellen, a supplier of commercial furnace products.  The furnace is capable of 

suppling 27 kW of power input to heat the still to a maximum operating temperature of 1550°F.  The furnace 

system is supplied complete with a Eurotherm temperature controller and high temperature cutoff. 
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2.3 Operations Narrative 

The following is a description of typical steps to process a batch of sludge from the clarifier through the pilot 

plant.   

1. Sludge is removed from the clarifier using a trackhoe and carefully loaded into sample drums.  The 

sludge is then loaded into the still from the sample drums using a drum dumper.   

2. The sludge is allowed to settle and the excess water is decanted from the surface and returned to the 

clarifier.  A thin layer of water is left to cover the clarifier sludge to prevent burning. 

3. The loaded still bottom is moved to the maintenance area/spill pan next to the clarifier. 

4. The still lid with agitator is lifted and placed on top of the still bottom and the bolts are installed and 

torqued to specification. 

5. The loaded still assembly is placed on the platform scale to record the beginning weight for the batch. 

6. The loaded still is then placed into the furnace frame and secured with bolts. 

7. Process connections are made between the still, condenser system, and the nitrogen purge/vent piping. 

8. The condensing and recirculation system heat tracing and tank heaters are energized to bring and 

maintain the system within an acceptable temperature range (120-140°F). 

9. The thermocouples on the furnace are re-installed and connected to the data recorder input wiring. 

10. The furnace is energized and heat applied in a controlled fashion to bring the temperature in the still up 

to the set point temperatures. 

11. During the heat up, the pressures and temperatures of the condensing and recirculation system are 

monitored and adjusted to stay within process limits. 

12. The still vapor line temperature is monitored as a basis for predicting the start and end of the water and 

phosphorus vapor phases.  Once the vapor line temperature is judged to indicate the phosphorus has 

been vaporized, the furnace is turned off and the system allowed to cool overnight. 

13. The connections between the still, condenser system, and nitrogen/vent piping are removed. 

14. The still is lifted from the furnace frame, weighed to determine batch final weight, and moved to the 

maintenance area/spill pan next to the clarifier. 

15. The bolts are removed and the lid is removed. (If any phosphorus remains, water is added to suppress 

fires/smoke and the still is cleaned.) 

16. The phosphorus that was vaporized and then condensed in the condenser is drained into a drum 

through a ball valve on the bottom of the condenser. The drum is located inside an oversized drum of 

heated water. 

17. The product drum is then removed and weighed to determine how much phosphorus was distilled. 

18. Any phosphorus collected in the recirculation tank is also drained into a drum and weighed. 

19. The system is then cleaned with hot water flushes to remove any residual phosphorus and prepare for 

the next batch. 
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3.0 2011 TESTING PLAN 

3.1 Overview 

Results from the Clarifier Material Sampling program discussed in Section 2 and summarized in the Clarifier 

Material Summary (Appendix 7.5 – “Clarifier Material Summary”) narrowed the testing focus to the 

following factors:    

 The quantity of clarifier material loaded in the still.   

o Operating information from Mud Still tests performed at other sites indicated there was a run 

time relationship between the depth of material charged and the heat transfer surface area of 

the still. A linear correlation of previous data suggested the optimum size charge for this still 

was approximately 222 pounds.  Charges above that resulted in excessively long run times 

especially at the end of the run to distill the red phosphorus.  Batch sizes of 175 pounds, 250 

pounds and 350 pounds were selected to analyze this relationship.    

 Use of the internal agitator.   

o Information collected during tests using the agitator would be analyzed for run time 

differences, dust carryover to the recovered phosphorus and the correlation between end of the 

test temperatures.    

 Repeatable results.   

o Determine if test paramaters are consistent  between similar tests of similar charge weights and 

P4/solids/water ratios.  Determine if the temperature profiles are consistent during each phase 

of the test.   

 Reliable end of test determination.   

o Confirm that the vapor line ‘sniffer’valve test is a reliable method of determining the end of a 

run. 

o Confirm that Still Temperature and Vapor Line Temperature can be used to help determine the 

end of a run.      

 Operational and maintenance considerations.   

o Determine if improvements are needed in design, materials of construction or operability.   

 Residue analysis.  

o Collect residue samples and information from each test to perform TCLP analysis, Method 

1030 Ignitability testing, and density and temperature analysis.  

 

In order to evaluate still operation, the clarifier material has been divided into two groups by P4 and residue 

content:   

 Group A (drums 1,5,6,9,11 and 12) 

This material has P4/solids ratios of 54.4% - 60.3%.  They range from a low of 24.7% P4 to a high of 

31.8% P4.  The residue ranges from 20.3% to 25.6%.  On average, Group A samples have analyses of 

28.8% P4, 49.3% water and 21.8% residue and a P4/solids ratio of 56.9%.   

 Group B (drums 2,3,4,7,8 and 10) 
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This material has P4/solids ratios of 60.9% to 70.7%. They are somewhat higher in P4 content and 

range from 31.9% to 41.5% P4. The residue is on average only 1.5% lower than Group A material and 

ranges from 17.2% to 23.3%.  Water is lower in group B averaging 44.8% and ranging from 39.7% to 

48.1%.  On average, Group B samples have analyses of 35.4% P4, 44.8% water,20.4% residue, and a 

P4/solids ratio of 63.9%. 

3.2 Inividual Tests 

3.2.1 Test Run #1 

Drum 12 was used in this test.  179 pounds of material were used in this batch, which was agitated.  This test 

was selected as a baseline test using low P4 content material to confirm equipment operability.  Improvements 

to the vapor line, furnace heating capabilities and heat tracing were evaluated during this test.    

3.2.2 Test Run #2 

Drum 5 was used for this test.  175 pounds of material, similar to the clarifier material in drum 12, were used 

in this batch, which was not agitated.  This test will be duplicated in Test 3 with agitation. 

3.2.3 Test Run #3 

The remaining clarifier material from Drum 5 was used in Test 3 to compare agitated and non-agitated runs.  

176 pound of material were used in this batch, which was agitated.   

3.2.4 Test Run #4 

Drum 7 was used for this test.  248 pounds of material, having the highest P4 content and lowest percentage of 

residue, were used in this batch, which was agitated.   From a P4 content and solids perspective, this material 

is opposite of Tests 1,2 and 3.  The remaining material in Drum 7 was retained and used in a duplicate test 

without an agitator (Test 9).  

3.2.5 Test Run #5 

Drum 8 was used for this test.  347 pounds of material, with average water content and below average solids 

content, were used for this batch, which was agitated.  This is the first test of a large batch size.     

3.2.6 Test Run #6 

Drum 10 was used for this test.  348 pounds of material were used in this batch , which is a duplicate of Test 5 

without an agitator.  Drum 10 is the is near the average in P4 content, water and solids of all clarifier material 

sampled. 

3.2.7 Test Run #7 

Drum 7 was used for this test.  253 pounds of material were used in this batch, which was a duplicate of Test 

4 utililizing the agitator. 
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3.2.8 Test Run #8 

Drum 11 was used for this batch.  362 pounds of material were used in this batch, which was the second 

largest batch and it was agitated.  This batch had the lowest P4 and second highest water content.  Data 

compared with Tests 5 and 6. 

3.2.9 Test Run #9 

Drum 1 was used for this test.  247 pounds of material were used in this batch, which was not agitated. 

3.2.10 Test Run #10 

Drum 9 was used in this test.  248 pounds of material were used in this batch, which was not agitated.  This 

material had below average P4 content and average water and residue content. 

3.2.11 Test Run #11 

Drum 3 was used for this test.  253 pounds of material were used in this batch, which was not agitated.  This 

test was designed as a comparison test to Test 10.  The material had the second highest P4 content, lowest 

water content and residue content just above average.  The material had a P4/Residue ratio 61.4%.   

3.2.12 Test Run #12 

Drum 2 was used for this test.  249 pounds of material were used in this batch, which was  agitated.  This 

material was selected as a comparison test to Test 11.  Slightly lower P4 and residue than Test 11 with a 

P4/Residue ratio of 61.9%. 

  

4.0  TEST RUN OBSERVATIONS 
During each test, operators tracked all operating parameters of the system and recorded them on Operator Log 

Sheets.  Comprehensive notes were compiled to record any anomalies or upset conditions.  The full set of 

Operator Log Sheets and Test Run Notes are attached in Appendix 7.6 – “Operator Log Sheets and Test Plan 

Notes”.  A summary of data collected for Runs #1 thru #12  is attached as Appendix 7.7 – “Pilot Recovery 

System Summary”. 

4.1 Test Run #1 

A batch of 178.8 pounds of clarifier material was loaded in the still, with a lab analysis of 55% water and 60% 

P4 to solids ratio.  Test 1 used the internal still agitator. Water overflow started within the first hour of run time 

at a still temperature of approximately 190°F.  Water levels in the condenser and overflow tank proved to be 

within the normal operating range.  Condenser overflow water temperatures dropped to 100°F (condenser 

outlet around 70°F.).  A vapor line test was completed at 20:25 with significant flame and smoke.  At 20:50 

there was no smoke or flame from the vapor line and the vapor line temperature was consistently dropping.  

After turning the furnace off, pressure in the still raised to 80” w.c., therefore the furnace was vented using the 

PRV.  The PRV was left slightly open overnight.  Still temperature was 412°F at 06:30 the next morning.  The 

condenser water at the end of the test had a pH of 4.  There was a small amount of P4 collected in the recycle 

tank. 
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There was a small amount of condensed phosphorus and acid that burned when the still lid was removed.  The 

phosphorus was concentrated at the still to lid gasket interface.  The residue was light gray in color and light 

weight, similar to fly ash.  There was an orange band of residue 6-8” around the still circumference just below 

the lid to gasket interface.  This layer of material had streaks of yellow at several locations within the orange 

material. After the residue had cooled to about 150°F, a sample of residue was taken and placed in a small pan.   

A thermocouple was inserted into the sample and the temperature was observed to rise to nearly 450°F.  There 

was an unexplained exothermic reaction taking place in the sample container. The sample did not ignite, 

suggesting that the phenomenon causing the rise in temperature of the residue does not appear to be 

phosphorus initiated.  

 

The total amounts of phosphorus and residue collected for this test are actual weights.  The total amount of 

water collected is based on the difference between the initial weight and the final weights. There were 51.8 

pounds of phosphorus collected in this test.  Lab analysis indicated there should have been 48.3 pounds of 

phosphorus in the charge.  The amount of water and residue in the batch were similar to the predicted amount, 

based on lab analysis of the batch. 

4.2 Test Run #2 

A batch of 175.4 pounds of clarifier material was loaded in the still, which was not agitated.  Test 2 was 

intended to be a comparable duplication of Test 1 without agitation.  The final quantity of residue was much 

higher than lab analysis indicated with a corresponding reduction in the quantity of water removed.  Total run 

time was similar but the water and yellow P4 phases were significantly shorter.  Completion of the test or RAP 

(red amorphous phosphorus) phase was four times as long as Test 1.  Recycle water temperatures were 

elevated (150°F) to start the run and were difficult to control through the water boil phase.  High condenser 

spray temperatures may have contributed to the additional quantity of P4 found in the water recycle tank.   For 

subsequent tests, recycle water temperatures will start at 100-110°F to compensate for heat loading from the 

water boil phase.  Significantly higher Still temperatures were required to complete the test:  1190°F vs. 860°F 

for Test 1.  Vapor line temperatures at the end of test were  273°F for Test 2 and 370°F for Test 1.  Recovered 

P4 quality for both tests was good with little dirt carry over.  Phosphine levels exceeded 1000 ppm at the 

recycle tank vent within an hour of startup.  Water overflow was noted 45 minutes after startup with a still 

temperature of 195°F. 

 

The amount of burning and phosphorus and acid around the still lid to gasket interface was much less than 

Test 1.  This could be related to agitation of the light weight residue.  A light layer of P4 contaminated material 

around the upper perimeter generated a small amount of smoke and flames.  The residue was crusted, 

approximately 6-8 inches deep.  There was no detectable phosphine.  There were large nodules attached to the 

still shell in the heated zone with white and red deposits in the unheated upper portion of the still.  The residue 

was field tested for ignitability and reactivity with negative results.  Samples were taken for TCLP analysis. 
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 There were 44.8 pounds of phosphorus recovered.  Lab analysis indicated 48.9 pounds should have been 

contained in the batch.  There were 65.4 pounds of residue collected, with laba analysis predicting 38.8 

pounds.  This points to the highly variable nature of the material in the clarifier. 

4.3 Test Run #3 

Test 3 was intended to mirror Test 2 with the addition of the still agitator.  Drum 5 clarifier material was used 

for both tests 2 and 3.  176.4 pounds of clarifier material was loaded in the still.  Test 3 seemed to be very 

efficient, with a run time was 7 hours vs. 9 hours for Test 2.  The total kWh per pound charged was slightly 

less for Test 3 than Test 2 (0.53 vs. 0.58) and much less than Test 1 (0.53 vs. 0.71).  Phosphorus recovered was 

granular and appeared to be contaminated with dirt.  Phosphine readings were much lower throughout the test, 

exceeding 1000 ppm only once at the recycle tank vent.  Overflow water to the clarifier began at 

approximately 40 minutes after startup, with a still temperature of 190°F.  

  

Phosphorus and acid was again evident around the still lid to gasket interface.  For reference, this location is 

the weld joint attaching the still vessel to the mounting plate.  A beveled joint is created providing a cavity for 

accumulation of P4 contaminated material.  Additionally, the upper section of the still is not externally heated 

for the 2011 tests creating a ‘cold’ joint for condensing phosphorus and acid.  The acid ring for Test 3 was 

darker than previous tests, indicating more contamination.  No flame and only moderate smoke was observed 

when opening the still. Part of the P2O5 smoke originated from phosphorus in the vapor line outlet duct.  

Residue remaining in the still was ambient temperature with no detectable phosphine.  Field ignitability and 

reactivity tests were negative.  Samples were taken for TCLP testing. 

 

For this test, the water that was boiled from the batch was collected and weighed.  However, there are small 

inaccuracies in this method, since all water could not be collected.  Based on this method, lab analysis 

predicted there would be 49.2 pounds of phosphorus and there were 53.6 pounds collected.  Lab analysis 

predicted 88.2 pounds of water and there were 69 pounds of water collected. 

4.4 Test Run #4 

There were 248 pounds of material loaded into the still for test  4, which was agitated.  During the water boil 

phase, temperatures were difficult to control.  Almost one hundred gallons of makeup water were added to the 

recycle tank to control the temperatures.  Several vapor valve tests were conducted to determine the end point 

of the run.  In hindsight, the run probably needed to continue 30-60 minutes longer with maybe a 50-100°F 

increase in temperature. 

   

There were phosphine concentrations of 2.09 ppm when the still was opened.  The residue had an odor similar 

to sulfur.  There were traces of a yellow substance on the sidewalls and in the residue.  The yellow substance 

would not burn or smoke.  When stirred the residue temperature elevated from ambient (48°F) to almost 90°F.  

4 hours later the residue temperature is slightly elevated at 77°F.  The residue material was light and fluffy 

with a density of 35 lb/ft3.  The residue from Test 4 was retained in a drum.  Samples were taken for TCLP 

analysis. 
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A significant quantity of dust was carried over from the still to the condenser.  Samples from the P4 collection 

drum also showed a significant dirt layer sitting on top of and attached to the P4.  The recycle water drum 

contained a small quantity of fine granular material more orange in color.  No P4 was detected in the recycle 

water drum. 

   

The total amount of phosphorus collected was 93.7 pounds, with the lab analysis predicting 102.9 pounds.  

4.5 Test Run #5 

There were 346.8 pounds of material loaded in the still for Test 5, which was agitated.   Shortly after the start 

of Test 5, it became impossible to control the condenser and furnace pressures.  Since the condenser outlet 

temperatures were low, the initial conclusion was that the educator was frozen.  Attempts to thaw the educator 

with hot water were unsuccessful.  It was then decided to control the system pressure utilizing additional 

condenser sprays while installing a blank in the condenser outlet to remove the educator.  During this process, 

it was determined the educator was plugged with small round particles of clear to white phosphorus 1/16” or 

less in diameter.  Also at this time a small hole was observed in the top of the educator.  During disassembly of 

the eductor, the bottom of the 1-1/2” to ½” transition bushing was found to be filled with solids, mostly small 

particles of brown phosphorus contaminated material.  In an attempt to complete repairs before completion of 

the water boil phase, the hole in the educator was stuffed with pig putty until there was no vapor trail.  The 

pressure system continued to be difficult to control.  Manual adjustment of the condenser spray valves was the 

most successful method of controlling pressure.  Temperatures were maintained by adding fresh water 

through the bypass valve.  Collecting water for a water balance was problematic due to the volume of water 

added to the recycle loop.  Approximately 400 gallons of makeup water was added to the system.  During the 

repairs, the N2 cylinder was emptied and N2 flow was stopped.  With no flow, both N2 heaters failed.  The test 

was completed with cold nitrogen. 

 

Opening the still after the run was complicated because the agitator was stuck to the pivot in the still bottom.  

After removing the packing, the lid was removed with no fire or smoke.  A material of light yellow color 

covered the inside of the Still lid.  That material was later washed out with cold water from a water hose.  The 

residue was light and fluffy with some traces of yellow.  The residue was removed from the still by vacuuming.  

After removing the residue, the agitator was extracted with little effort. 

 

Very little acid or P4 was found in the system during post-test cleaning.  The P4 produced during Test 5 had a 

dirt layer on top of the P4.  This may have been carry over during the pressure excursions or with the N2 

sweep gas at the end of the run.  Reducing the agitator RPM at the end of the run might reduce carryover. 

 

Phosphorus collected during the test was 142.6 pounds.  Lab analysis predicted 118. 6 pounds would be in this 

batch. 
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4.6 Test Run #6 

There were 347.7 pounds of material loaded into the still for Test 6, which was not agitated.  A new eductor, 

slightly different than the original design, was installed prior to this test.  The new eductor caused operating 

parameters to be different than in previous tests.  Overall system pressures are higher on the vapor line and 

lower on the eductor.  The times required to reach milestone temperatures were considerably longer than 

expected without agitation, even though water overflow during the water boil phase was observed at 12:20.  

At approximately 18:30, the vent stack was producing a blue/green flame and P2O5 plume.  This event 

continued off and on until 06:00 the next morning.  Corresponding to the vent emissions, a self-igniting flame 

was observed at the vapor valve when tested.  

  

Furnace and still temperatures exhibited characteristics of previous Tests.  Around 20:00 there was reason to 

believe the RAP phase had begun so the P4 was drained from the condenser and preparations were made for 

shutting down in 2-4 hours.  Still temperatures climbed to 1211°F at 22:30 and remained there within 0.5°F 

for over 9 hours.  The furnace temperature was incrementally raised over this time frame to 1500°F.  A vapor 

valve test at 06:30 still produced a small flame and P2O5 plume.  Another vapor valve test was performed at 

07:00 with no flame or plume.  The furnace was shut off at 07:30. 

 

Some smoke and flame was observed when opening the still.  A small quantity of phosphorus and acid had 

collected at the still to lid gasket interface.  The walls of the still above the residue were bright yellow with a 

½”-1” layer of material attached.  When disturbed, the material on the wall did not burn.  Residue in the 

bottom of the still had a yellow tint and was crusted.  This residue removed in large chunks. 

   

The P4 produced was of good quality.  Due to the depth of P4 in the product drum, it was difficult to break into 

chunks.  Total phosphorus collected was 102.9 pounds, with lab analysis predicting 114.7 pounds. 

4.7 Test Run #7 

There were 253.1 pounds of material from Drum 7 loaded into still, which was agitated.  Drum 7 was the 

highest P4 content sample taken from the clarifier (41.5%), with an almost equal amount of water.  Test 4 

produced P4 with a significant dirt layer on top.  Test 7 was designed to determine if the dirt carry over to the 

product drum could be reduced if the high water temperatures experienced on Test 4 were kept in a lower 

operating range.   Repeatability of material balance and P4 production results were also important. 

 

When the still was opened, phosphine concentration was 2.5 ppm.  There were traces of yellow coloring in the 

residue.  No distinctive odor was detected.  Field tests on the residue were non-reactive and not ignitable.  The 

still lid showed only trace amounts of P4 in the outlet nozzle.  There was once again phosphorus and acid 

around the inside of the still to lid gasket joint.  Due to residue contamination from this phosphorus and acid, 

the residue from Test 7 was returned to the clarifier. 

 

The total amount of phosphorus collected was 112.2 pounds.  Lab analysis predicted 105 pounds of 

phosphorus were contained in this batch. 
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4.8 Test Run #8 

There was 362 pounds of material loaded into the still for Test 8, which was agitated. Sample Drum 11 was 

selected for this test because the analysis was high water (55%) and low P4 (20.3%).  The water boil phase for 

this test lasted over 6.5 hours.  Test 8 was unique from several perspectives.  Most significant was the P205 

plume generated from the recycle vent stack within 30 minutes of startup.  The plume was dense at times and 

was visible across the clarifier (>100 feet).  Furnace temperature ramp rate was the standard 700°F until the 

end of the water boil phase.  The still temperature recorded was 93°F.  Further evidence of early P4 generation 

was demonstrated at 10:00 when the water recycle pump discharge pressure dropped from 35 psi to 18 psi due 

to a plugged strainer.  We continued to run the test while the strainer was cleaned.  The material removed was 

pure P4 as expected.  The recycle tank was drained several times during the test anticipating a large carryover 

of P4.    A decision was made to terminate the run after 18 hours, although there was a slight vapor trail at the 

vapor valve.  The vapor trail did not self ignite but was clearly visible.  Still temperatures were approaching 

900°F and the Vapor Line temperatures were declining (271°F).  Previous tests were terminated at 

temperatures from 950°F to >1200°F.  Previous large weight charges of 350 pound were completed at 1150°F 

or higher. 

   

When the still was opened, there was a manageable amount of fire and smoke.  High levels of phosphine were 

detected.  The residue was contaminated with phosphorus and was returned to the clarifier.  Based on the 

levels of phosphorus in the still, the test should have continued for about 2 additional hours. 

 

The total amount of phosphorus collected was 108.6 pounds.  Lab analysis predicted 89.4 pounds. 

4.9 Test Run #9 

There were 247 pounds of material loaded into the still for test 9, which was not agitated.  Water overflow 

started within 15 minutes of startup.  During the water boil phase, within two hours of startup, a P2O5 plume 

began to drift from the vent stack, carrying at times up to 100 feet.  The nitrogen supply was reduced from 1.5 

cfm to 0.5 cfm and a second condenser spray was partially opened which reduced the plume to +/- 10 feet.  At 

the end of the water phase the condenser and recycle water tank were sampled for dust carryover.  There was 

a small quantity of fine red and yellow color material in the water sampled that appeared to be P4.  Condenser 

water pH was 3 and the recycle tank water pH was 5.  Approximately 150 gallons of makeup water had been 

added prior to the samples.  The vapor valve was checked for P2O5 about 11 hours into the Test (18:00) with 

self-ignition until 19:30.  Light P2O5 smoke continued until 20:30 when a self-igniting blue/green flame 

about 2” long appeared while sampling the vapor valve.  There was a slight wisp of P2O5 with the blue/green 

flame and at 21:00 it was decided to terminate the test. 

 

When the still was opened there was very little smoke and no flames.  Temperature of the residue was 147°F.  

There was consistent yellow coloring in the residue and on the still walls.  No phosphorus or acid was found 

around the still to lid interface.  The residue did not ignite when exposed to flame and was not reactive when 

mixed with water.  Phosphine readings were zero but the strong smell similar to H2S (but still different) was 

evident. 
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The total amount of phosphorus collected was 55.9 pounds.  Lab analysis predicted 81.8 pound of phosphorus. 

4.10 Test Run #10 

There were 248 pounds of material loaded into the still for Test 10, which was not agitated.  A P2O5 trail from 

the vent stack began within 15 minutes of startup.  60 SCFH of nitrogen was added to the top of the recycle 

tank to reduce the emissions.  Tested various volumes of cold N2 in the recycle tank to reduce the P2O5 plume.  

30 SCFH kept the vapor trail at about 3 feet.  Phosphine concentrations were  greater than 1000 ppm at the 

recycle tank vent stack.  A second condenser spray was partially opened to help control system pressure. 

 

When the still was opened there was very little smoke and no flames.  Temperature of the residue was 220°F 

when the still was removed from the furnace that morning.  There was very little yellow coloring in the residue 

or on the still walls.  No phosphorus or acid was found around the still to lid interface.  The residue did not 

ignite when exposed to flame and was not reactive when mixed with water.  Phosphine concentrations were 

0.60 ppm with a slight H2S or sulfur odor.  A residue sample was tested and yielded 6 ppm for H2S (Draeger 

tubes).  There are potential phosphine interference issues to be considered and additional testing will be 

conducted on Test 11 and 12. 

 

There were 78.4 pounds of phosphorus collected.  Lab analysis predicted 74.9 pounds. 

4.11 Test Run #11 

There were 249 pounds of material loaded into the still, which was not agitated.  The wireless connection for 

the thermocouple for still temperature failed at the beginning of the test.  The thermocouple was hard wired to 

the data recorder late in the test.  Still temperatures recorded after 15:30 should be accurate.   Added 1-2 

gallons of makeup water througout the water phase to control recycle water temperatures. 

               

When the still was opened there was very little smoke and no flames.  Temperature of the residue was 50°F.  

There was a light yellow colored dust layer on the still walls, which was easily removed with hand tools.  The 

still lid was very clean.  No phosphorus or acid was found around the still to lid flange.  The residue did not 

ignite when exposed to flame and was not reactive when mixed with water.  Phosphine and H2S readings were 

0.00 ppm.   

 There were 34.5 pounds of phosphorus collected.  Lab analysis predicted 91.8 pounds.  The lab 

analysis to actual weights variance was huge.  As the bulk of the difference was P4 and water, there likely was 

an error determining the quantity of water in the lab sample. 

4.12 Test Run #12 

There were 249 pounds of material loaded into the still, which was agitated.  Test 12 water overflow from the 

water boil phase was within 30 minutes of startup with a still temperature of 155°F, which is less than the 

expected 190°F.  The water boil phase temperature plateau was also about 15°F lower than the 215-217°F 

normally experienced.  A P2O5 vapor trail from the vent stack was also observed with 30 minutes of startup.  

Adding cold nitrogen to the top of the recycle tank helped reduce the plume.  About 6 hours into the run, the 
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furnace controller tripped off.  Typical electrical checks conducted were normal.  The problem was finally 

traced to a faulty over temperature thermocouple at the furnace.  Testing resumed shortly after isolating the 

T/C. 

      

When the still was opened, there was no smoke or fire. Temperature of the residue was just above ambient.  

No phosphorus or acid was found around the still to lid interface.  The residue sample taken did not ignite 

when exposed to flame and was not reactive when mixed with water.  Phosphine concentrations were 

negligible.  There was no indication of H2S in the Draeger tube, although there was a slight odor.   There was 

a crust of residue continuous around the still walls equal in depth to the gap between the agitator and still wall.  

When the crust was disturbed, the cross section showed both a red and yellow layer.  Similar to other agitated 

tests, the gap between the bottom of the agitator and the still (1/2”) is very hard and will have to be removed 

with a chipping hammer. 

   

There were 81.3 pounds of phosphorus collected.  Lab analysis predicted 86.7 pounds. 

 

5.0 DATA ANALYSIS 
All of the data discussed in the data analysis section can be found in graphical chart form in Appendix 7.8 – 

“Graphs of Raw Data” or in Appendix 7.9 – “HMB Summary Sheets and Analysis Charts”.  The vapor line 

temperature, furnace temperature, and still temperature are found in the Hi-Temperature Trend Chart.  The 

condenser overflow temperature, condenser outlet temperature, and condenser spray temperature are found in 

the Lo-Temperature Trend Chart.  The vapor line pressure and eductor inlet pressure are found in the Pressure 

Trend Chart.  The cumulative kWh usage during the test run is found in the Cumulative Power Trend Chart. 

5.1 Furnace Still Temperature 

A thermocouple and wireless temperature transmitter were added to the still as part of the improvements 

discussed during the Janurary 2011 meeting.  The wireless transmitter allowed the temperature inside the still 

to be monitored during the run to help determine when all phosphorus was vaporized and an endpoint 

temperature reached.  The temperature profile for a typical run was to heat up to just above 200°F and plateau 

there for several hours as the water was boiled off, then increase to the 550-600°F range plateauing again as 

the phosphorus was vaporized.  From there the temperature will increase and steadly climb to the end of batch 

temperature between 900 and 1200°F.  

5.2 Vapor Line Temperature 

The vapor line temperature for Test Run #1 resembled the pattern seen during the 2010 campaign.  The vapor 

line temperature remained flat for several hours just above 200°F during the water boil phase and then rose to 

the 400-450°F range with double humps for the white and red phosphorus vaporization. After Test Run #1, the 

vapor line temperature always started at a higher temperature than the still temperature (not true for Test Run 

#1) and the plateaus for water, white phospuorus, and red phosphorus are not as identifiable.  Test Run #2 was 

particularly lacking in any of the plateaus for the vapor line temperature.  The suspected reason for the change 

after Test Run #1 was the addition of electric heat tracing and insulation to the top of the still and the vapor 
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line.  This added heat would  prevent the vapor line from responding to the temperature of the vapor stream 

coming from the still as before, thus giving a different trend line. 

5.3 Condenser Related Temperatures 

The condenser related temperatures (overflow temperature, outlet temperature, and spray temperature) 

generally follow each other during the batch.  There is more of a divergence during the water boil phase at the 

beginning.  Condensing the water is the highest heat duty for the condenser, causing more divergence.  After 

the water boil phase is complete the condenser related temperatures follow each other relatively closely until 

the end of the batch.  Fresh cooling water is added to the condenser sprays to control the temperature of the 

condenser within the range of 120-140°F as required for the phosphorus to condense, properly settle, and 

collect in the bottom of the condenser. 

5.4 Condenser and Vapor Line Pressure 

The pressure in the system is controlled by an eductor/scrubber located on the top the condenser.  Any issues 

with the flow of water to the educator, or with mechanical integrity of the educator will, cause a pressure 

excursion from the desired control point.  The target for pressure was very slightly positive at the still (0 to 1” 

WC) and very slightly negative at the educator (0 to -1” WC).  Runs 3, 9 and 12 were run with essentially no 

pressure excursions.  The excursions that did occur during any of the runs were not expected to have had any 

adverse effects on the process or product quality.  Controlling the process pressure is done to manage the risk 

of oxygen getting into the system or phosphorus getting out of the system. 

5.5 Furnace Power Consumption 

The cumulative power usage for each run can be seen in the Cumulative Power Trend Charst for each run.  

The trends are generally smooth sloped lines from beginning to end with slight changes in slope for furnace 

set point changes.   

 

As seen in the 2010 campaign, the accountable process energy budget is heavily influenced by the amount of 

water charged in each batch.  This can be seen in the Per Cent Process Energy as Water vs. Water Charged 

correlation located in Appendix 7.9 – “HMB Summary Sheets and Analysis Charts”. 

 

The purpose of installing an agitator in the still was to try and improve the heat transfer into the clarifier 

material and therefore increase energy efficiency (decrease energy inefficiencies).  The HMB Summary 

sheets for agitated and non-agitated Test Runs (Appendix 7.9 – “HMB Summary Sheets and Analysis Charts”) 

show little significant difference between the average energy inefficiencies for agitated vs. non-agitated test 

runs (53.0% for non-agitated vs. 50.8% for agitated).  If the energy required to drive the agitator is taken into 

consideration, the difference in energy efficiency (or inefficiencies) between agitated and non-agitated runs is 

probably small. 

5.6 Test Run Time Duration 

The test run time duration varied from a low of 6.6 hours for Test Run #4 to a high of 19.5 hours for Test Run 

# 6.  Several variables were correlated with the run time durations with pounds of residue charged having the 
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highest correlation coefficient (R2=0.791) of the variables correlated.  See (Appendix 7.9 – “HMB Summary 

Sheets and Analysis Charts”)  Total Heating Time vs. Material Charge Quantities trend chart for this and other 

correlations.   

 
 
6.0  CONCLUSIONS 
The pilot plant demonstrated that the clarifier material can be treated to recover elemental phosphorus of 

useful quality from a variety of feed compositions.   Twelve distillation trials were successfully and safely 

carried out during the summer of 2011.  There were: 

a) Three trials conducted using roughly 175 lbs of charge per trial (8" charge depth). 

b) Six trials were conducted using roughly 250 lbs of charge per trial (11" charge depth). 

c) Three trials were conducted using roughly 350 lbs of charge per trial (16" charge depth). 

d) Of the twelve trials, seven were conducted with agitation and five were conducted without agitation. 

 

From these trials, several conclusions were made: 

 Mixtures of clarifier feeds that are high in phosphorus and high in residual solids are more difficult 

to treat using this process.  These types of feeds result in run times of excessive length, appear to 

cause excessive boiling and scaling of residual solids on the walls of the still, and unless left for an 

excessively long time can leave residues contaminated with elemental phosphorus. Because of this 

issue, some material in the clarifier may not be amenable to treatment using the still. 

  

 There is variation in distillation behavior between different feeds from the clarifier, and this 

difference is related to the feed composition as well as the amount of material charged to the still.   

 

 Run time for a particular feed is usually dependent on the charge weight and depth of material 

charged, increasing with larger charge weight. 

 

 Generally speaking, agitation appears to improve heat transfer and therefore reduce run times and 

increased processing rates.  However, it may prove that the operating advantages offered by 

agitation are offset by the difficulty in scaling up the agitator, seals, etc for a larger scale plant. 

 

 There appear to be maximum charge weights for particular materials charged to the still and gross 

overcharging of a still must be avoided. 

 

 The clarifier feed distillation at times appears to have distinct stages such as the water boiling 

period, the phosphorus boiling period, and then a rising temperature period from the end of the 

phosphorus boiling period up to the end of the run.  The phosphorus boiling period is only a small 

period of the run.  The water boiling period can be a considerable part of the run, hence minimizing 

the amount of water charged to the still is beneficial.  However, most often the rising temperature 

period until the end of the run is the major part of the run time.  This indicates, or more likely 
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confirms, that a significant amount of the yellow phosphorus is converted to red amorphous 

phosphorus.  The red amorphorus phosphorus must then be vaporized or sublimed at considerably 

higher temperatures before the distillation can be completed. 

 

 Determination of the approach of the completion of a run was made by observing the reduction of 

the amount of phosphorus collected in the phosphorus condenser as indicated by a diminishing of 

the amount of water being displaced by the condensing phosphorus.  A significant decrease in the 

vapor line temperature and a change in color of the flame from the sniffer valve in the vapor line 

from yellow to pale green indicated that the phosphorus distillation/sublimation was essentially 

completed. 

 

 The most significant residues from the process are the solids that remain once the elemental 

phosphorus has been removed.  The bulk density of the residue post distillation ranged from 30-34 

lbs. per cubic foot, as compared to the much higher typical bulk density of the clarifier feed of 

about 85 lbs/cubic foot.  The estimated volume of residual solid material requiring safe handling 

and disposal post distillation will be approximately 60% of the volume of clarifier material before 

the water and phosphorus have been removed by distillation.  

 

 TCLP analyses were planned to be conducted on all of the test run solid residues.  Three of the test 

run solid residues were contaminated with elemental phosphorus hence, TCLP analyses could not 

be completed.  Nine residue samples were analyzed for TCLP metals.  One residue sample (Test 

#11) passed all TCLP criteria, including Cadmium.  Another residue sample (Test #2) in one 

instance passed the Cadmium criteria while a residue retest for that test failed for Cadmium.  The 

other six residue samples passed all TCLP criteria with the exception of Cadmium.  Consequently, 

most of the residue is likely to fail the TCLP and would require additional treatment to stabilize the 

leachable Cadmium prior to land disposal of the residue.  An evaluation of potential treatment 

options, and related permitting requirements, must be completed as part of the decision to build a 

full scale unit. 

 

 Process water usage modifications to minimize the amount of phossy water generated would need 

to be evaluated and integrated into the process design in the event that any process water 

effluent is found to exhibit characteristics of hazardous waste.  Likewise, water treatment and 

disposal alternatives for the phossy water would need to be evaluated. 

 

 In some instances the residue appeared to be black and powdery.  On other occasions the residue 

was slightly caked, particularly on non-agitated tests.  Also, some of the residues had very colorful 

bright orange and/or yellow scale deposits usually on the side of the still but often times mixed in 

with the caked residue. 
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 It should be noted that the series of pilot scale tests in this study were focused on the technical 

ability of still and condensation technology to recover phosphorus.  Many issues remain to be 

evaluated in order to determine if this technology can be practicably employed at the site, 

including designing: 1) a full-scale still that can process the 500,000 gallons of clarifier material 

safely in a reasonable period (it would take the pilot still over 100 years to do so); 2) a process to 

safely remove and transfer the clarifier material to the still; and 3) a process for the removal, 

treatment and disposal of non-phosphorus residues from the still that meets regulatory 

requirements and has all necessary permits.  These and other issues will need to be satisfactorily 

resolved before the feasibility of the still for the clarifier waste can be reliably predicted.  

 

 At this stage, the optimum size of a full scale unit is unknown and thus batch size and batch 

processing time are also not known.  It is likely that these and other aspects will not be known until 

full scale conceptual design is completed.  Thus, the time required to process all of the material in 

the clarifier at this time cannot be predicted and will be dependant on the size of equipment used 

for the full scale unit and the ability to operate this equipment in the year round weather conditions 

at the site.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.0  APPENDICES 



 

 

 

 

 

 

 

 

 

 

 

 

 

7.1 2011 Test Plan 



 Rhodia P4 Pilot Recovery System ‐ 2011 Test Plan

Key Variables

Agitation
Agitator operation at 2 rpm
Agitator not operating

Batch Size
~175-200 lb batch size 6" depth = ~160 lbs batch weight
    known P4/solids/water ratio 8" depth = ~215 lbs batch weight
~325-350 lb batch size 12" depth = ~320 lbs batch weight
    known P4/solids/water ratio

Ramp Rate
Heat at lower temperature during water vaporization, ie. 700 F / 370 C. 
     raise PV to 1200 F / 650 C at the end of the water vaporization phase.
Set PV at 1200 F / 650 C throughout the batch run

P4 to Solids
<30 % P4 to solids ratio. Low P4 concentrations
30-60% P4 to solids ratio.  Expected clarifier average ratio.
>60% P4 to solids ratio.  High P4 concentrations

Run No. P4/Solids Batch Size Agitator Ramp Data collected for analysis
1 <30% 175 On 700/1200 Temperatures/pressures from 2010 operator log
2 30-60% 175 On 700/1200 Batch elapsed time
3 >60% 175 On 700/1200 Power used (KWH)
4 <30% 350 On 700/1200 KWH per pound charged
5 30-60% 350 On 700/1200 Material balance vs. sampling baseline
6 >60% 350 On 700/1200 Charge depth start / end
7 <30% 175 On 1200 Batch residue density
8 30-60% 175 On 1200 TCLP/P analysis of batch residue
9 >60% 175 On 1200 Heat residue to detect residual RAP
10 <30% 350 On 1200 PH3 generation sampling thru batch run
11 30-60% 350 On 1200 PH sampling of recycle water system.
12 >60% 350 On 1200 Fresh water consumption by batch/total
13 (1) 175 Off (3) PH3 when opening skip
14 (1) 350 Off (3) pH in drums, skip, just before and just after run
15 (2) 175 Off (4) Batch temperature
16 (2) 350 Off (4)
17 Other tests from analysis of previous batches
18 Other tests from analysis of previous batches

(1) Repeat successful low P4 batch without agitator.
(2) Repeat successful mid-range P4 batch without agitator.  Expected clarifier average ratio
(3) Repeat preferred ramp rate from previous testing.
(4) Repeat preferred starting PV temperature from previous testing.  (Could be the same as runs 13-14

Operational Changes
Pre-charge/heat second still for material separation and excess water removal.
Ability to run a batch longer than 12 hours if needed
Run several batches before replenishing the scrubber system water (track pH)

System changes:
bottom heat coils added
new seal on agitator
inverted V vapor line with valve at top
fresh water addition to recycle tank
Temp probe (wireless) in skip, thru agitator shaft



 

 

 

 

 

 

 

 

 

 

 

 

 

7.2 Drawings 















 

 

 

 

 

 

 

 

 

 

 

 

 

7.3 Procedures 
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SCOPE 
 

This procedure describes the steps required to prepare and 
operate the Pan Still in a continuous mode thru a batch run.   
 

RESPONSIBILITIES 
 

All operators, administrative support and other qualified 
personnel are responsible for this procedure. 
 

REQUIREMENTS 
 

The operators are required to complete these steps in a safe 
and efficient manner to assure quality representative 
samples and data points are obtained for each batch run. 
 

RELEVANT 
DOCUMENTS 
 

Individual equipment operating manuals.  Project specific  
operating  procedures.  Rhodia site specific contingency plan.  
OPERATIONS NOTE:  Operating parameters and set 
points are compiled on the Operating Guidelines 
spreadsheet.   

MATERIALS AND 
EQUIPMENT 
 

The special equipment required for this procedure includes: 
 H-201 Mellen 45KW Electric Furnace 
 EuroTherm Furnace Controller 
 E-201 Pan Still 
 E-100 Direct Contact Condenser 
 TK-100 Recirculation Tank 
 P-100 Recirculation Pump 
 J-100 Water Eductor Scrubber 
 TV-1004 Makeup Water Valve 

 
SAFETY, HEALTH 
AND ENVIRONMENT 
 

The following protective equipment is required: 
Preparation, equipment checks and staging of equipment can 
be performed utilizing Level D personnel protection: 
 OSHA approved hard hat 
 OSHA approved vision protection 
 OSHA approved steel toe safety shoes 
 Long sleeve shirt 
 Leather gloves as required 
 Respiratory protection as required 
 Hearing protection as required 
 
 

QUALITY This is a critical operation to effectively obtain accurate 
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 information relating to the recovery of phosphorus from 
contaminated clarifier solids.   

 
 

PROCEDURE 
Prepare the Pan Still  
assembly for batch 
operations. 

CAUTION 
 Aluminum gear is to be worn anytime personnel are 

working around the material or equipment 
potentially contaminated with P4.  After the Pan Still 
lid has been installed and bolted down, equipment 
and system checks can be performed with Level D 
PPE  

  
 Remove the control and over temperature thermocouples 

from the Mellen furnace if installed.  Use caution in 
handling the thermocouples.  They are of ceramic 
construction and very fragile.  

  
Install the vapor line removable spool piece.  NOTE:   
Unless noted, spiral wound gaskets are to be used at all 
flanged joints.  Spiral wound gaskets are to be used for 
one application only and are to be discarded after a 
single use.  Tighten bolts to 150 ft/lbs of torque.  
 
Install removable instrumentation on the vapor line.  
Confirm instrumentation is sending a signal to the data 
logger. 
  

 Spin the agitator by hand to confirm it is not binding in 
the packing housing or in the Pan Still.  Install the 
agitator drive chain and tensioning device. 

    
  
 Install removable pressure relief (PRV) spool piece from 

the Pan Still lid to the vent line.  The 2” bronze ball valve 
on the pressure relief line should be closed.  Confirm all 
block and bleed valves on the PRV piping spool are 
closed.   
Install the 0-100” W.C. pressure gage to the 1” pipe 
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nozzle on the Pan Still lid. 
 
Remove the flange guards below the vapor line plug 
valve and the PRV vent valve.  Confirm the bolts are 
torqued to specification and there is no trace of residual 
phosphorus or phos acid.  If there is indication of leakage 
replace the spiral wound gasket and reinstall/torque 
bolts.       
 

  
 Carefully reinstall control and over temperature 

thermocouples.  The thermocouple labeled control is to 
be installed at the east side of the furnace.  Slide the 
thermocouple into the furnace until the connection pins 
are flush with the metal guide.  Tighten screw and 
washer to secure the thermocouple.  Do not over tighten. 
Repeat this process installing the over temperature 
thermocouple into the south side of the furnace.  
Connect the yellow thermocouple cables at the furnace 
controller panel to their respective plugs.  
 
Install the remote Pan Still thermocouple.  Confirm a 
signal is being received by the data logger. 
 

 OPERATIONS NOTE:  Operating parameters and set 
points are compiled on the Operating Guidelines 
spreadsheet.  An Operator Log Sheet will be 
maintained throughout the entire Test run.   
 

Prepare Water System for 
Operations 

The following water system parameters are to be 
checked and verified before the furnace can be 
energized.   
 

 Confirm all heat blankets are operational. 
 

 Confirm the safety shower is charged and operational. 
 

  
Confirm there is a minimum of 10” of water in the vent 
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seal drum. 
 

 Confirm the fresh water supply line is charged with a 
minimum of 35 psig pressure. 
 

 Confirm the 85 gallon overpak drum has adequate water 
to cover the 30 gallon product drum.  The water 
temperature in the overpak drum should be 125-160 
degrees F during operations.  Hot makeup water can be 
added to the overpak or product drum using the Hotsy if 
required.  Make up water should not exceed 160 degrees 
F. 
 

 Shutdown the P-100 recirculation pump.  Shut the 1-1/2” 
isolation valves on either side of the P-100 recirculation 
pump strainer.  Remove the strainer screen and inspect 
for plugged holes.  Clean as required and reassemble.  
Open isolation valves and restart P-100 recirculation 
pump.  Begin operations with the pump Hz set at 37. 
 

 Check the condenser overflow water temperature.  If the 
water temperature is not between 120-145 degrees F, 
add 160 degree water to the TK-100 recycle tank with 
the Hotsy until the system water temperature is between 
120 and 145 degrees F.   NOTE.  The ¾” valve from the 
nitrogen system must be closed when adding water to 
the water system.  
  

 Operators must confirm that the overflow line from the 
recycle tank to the clarifier is open.  If adding water to the 
system, observe the overflow seal for water discharge 
into the clarifier.  If the water system temperature is 
within operating range fresh water must be added until 
discharge is confirmed from the overflow water seal.  To 
add fresh water, open the 1” bypass valve around the 
fresh water control valve until water is discharged into 
the clarifier from the overflow seal. 
 

 Confirm each condenser spray is open.  Shut one or 
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more sprays off and confirm with P-1011 pressure 
gauge. 
 

 Confirm the fresh water makeup valve is closed.  Confirm 
the 1” bypass valve around the fresh water makeup valve 
is closed. 
 

 Confirm water flow thru the eductor.  PI-1003 should 
read a negative pressure.  Flow can be confirmed by 
reading PR-1003 on the data logger.  
 

 OPERATIONS NOTE:  Do not start furnace until 
system water temperatures are between 120 and 145 
degrees F.  Adjust heat blanket controls to maintain 
water temperatures between Test runs. 
 

 OPERATIONS NOTE:  Complete the pre-startup 
check list prior to making the nitrogen system 
operational so as to not waste the nitrogen sweep 
gas.  
 

Prepare Nitrogen sweep 
gas system for operations 

Open all nitrogen system valves.  Record cylinder bulk 
pressure on summary data sheet.  Adjust Pan Still 
rotometer to 1.5 acfm.  Adjust agitator shaft seal 
rotometer  to 0.5 acfm if the agitator has been installed. 
The rotometers provide nitrogen supply to two nitrogen 
heaters piped directly to the Pan Still lid.  One N2 heater 
is connected to the PRV nozzle below the vent valve.  A 
second N2 heater is piped into the agitator packing 
housing.  Set the nitrogen heater controller to 500 F.  
NOTE:  Flow must be started to the nitrogen heaters 
before energizing the heating controller or the heater 
elements will be destroyed.   
  

Prepare Eductor scrubber 
system for operations 

Adjust Eductor hand valve to maintain a slight  
(<0.50” WC) suction thru the Eductor.  Balance this flow 
to create a static or slightly positive pressure on the 
vapor outlet line.  
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 OPERATIONS NOTE:  Operator to complete and note all 
required readings prior to energizing the furnace. 
 

Energize the Furnace Confirm the Eurotherm over temperature limit set point is 
at 1562 degrees F on the Honeywell over temperature 
controller.  Manually adjust the Eurotherm controller set 
point to 700 degrees F.  Hold the 700 F. set point until all 
water has been completely boiled off or 250 F.  Raise the 
controller set point to 1200 F. thru the white P4 
vaporization phase.  Additional heat may be required to 
complete the red phosphorus vaporization phase of the 
Test.  Continue to increase the temperature following the 
heat and hold schedule provided.  Record system 
temperatures and pressures on the Operator Log every 
30 minutes after energizing the furnace.   

  
Critical Operating Parameters:  Water temperatures 
should be maintained between 120 and 145 degrees F.  
The Pan Still should be operated between 0.50” WC and 
1.0” WC as measured on the Vapor outlet line.  
  

De-Engergize the Furnace Determining when a Test run is completed should be 
made by a qualified operator and/or supervision.  Several 
factors can enter into making the decision to terminate a 
Test run including a flame or P2O5 plume at vapor valve, 
declining vapor line temperatures and/or Still 
temperatures rising to match the furnace temperatures. 
 

 On the Batch Summary Data Sheet record the time the 
furnace was de-energized and the Kilowatt Hour meter 
reading.  Final instrumentation readings should be taken 
and recorded on the Operator Log. 
 

 Continue the heated nitrogen sweep on the Pan Still and 
agitator packing for 10-20 minutes.   
 

 Close the vapor outlet line plug valve and turn off all 
nitrogen system valves and the nitrogen heater.     

 Monitor the 0-100” WC gauge attached to the Pan Still 
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lid.  The Pan Still should not be building significant 
pressure.  Open the 2” pressure relief valve if more than 
90” WC registers on the Pan Still lid pressure gauge.  
The 2” PRV should be opened only enough to release 
excess pressure and should be closed to determine if 
pressure continues to build.  Repeat as often as 
necessary to eliminate excess pressure.    

  
CAUTION 

 If the pressure relief valve and line are used to release 
pressure from the Pan Still the entire line will require a 
hot water washout before reuse. 
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SCOPE 
 

This procedure describes the steps for loading phosphorus 
sludge material from the existing clarifier into the Pan Still and 
preparing it to be processed. 
 

RESPONSIBILITIES 
 

All operators, administrative support and other qualified 
personnel are responsible for this procedure. 
 

REQUIREMENTS 
 

The operators are required to complete these steps in a safe 
and efficient manner to assure quality representative samples 
and data points are obtained for each batch run. 
 

RELEVANT 
DOCUMENTS 
 

Individual equipment operating manuals.  Project specific  
operating  procedures.  Rhodia site specific contingency plan.  
 

MATERIALS AND 
EQUIPMENT 
 

The special equipment required for this procedure includes: 
 All-Terrain Forklift – Long reach capability preferred. 
 Drum dumper – 800 lb. capacity minimum, chain operated 

dumping mechanism. 
 Large platform, steel pallet scale, 2000 lb. minimum 

capacity. 
 E-201 Pan Still 

 
SAFETY, HEALTH 
AND ENVIRONMENT 
 

The following protective equipment is required: 
Preparation, equipment checks and staging of equipment can 
be performed utilizing Level D personnel protection: 
 OSHA approved hard hat 
 OSHA approved vision protection 
 OSHA approved steel toe safety shoes 
 Long sleeve shirt 
 Leather gloves, as required 
 Respiratory protection as required 
 Hearing protection as required 
 

QUALITY 
 

This is a critical operation to effectively obtain accurate 
information relating to the recovery of phosphorus from 
contaminated clarifier solids.   
 

 
 



  KWI-RPR-101 

KW LOAD CLARIFIER MATERIAL INTO 
PAN STILL.  INSTALL LID AND 
AGITATOR ASSEMBLY AND 
PREPARE FOR TEST RUN 

Revision    1 
Issue Date:  

5/27/2011 

 

Pocatello, Idaho  Page 2 of 5 

 Authorized by:  KW - Tim Whiteus, Wade 
Keller. Rhodia -  Cam Balentine

 

 

SOP 101 - Load Pan Still 2011.doc                                            

 
 
 

PROCEDURE 
Inspect and stage all 
required equipment.  
Confirm utilities and safety 
systems are operational 
as required.  Place the 
Pan Still, fill with clarifier 
material and stage for 
processing. 

CAUTION 
Aluminum gear is to be worn anytime personnel are 
working around the material or equipment potentially 
contaminated with P4.  An exception to the standard P4 
specific PPE has been approved for this project.  Steel 
toe leather boots may be substituted for rubber boots 
when working around equipment or material potentially 
contaminated with P4.  Note: Forklift operator is not 
required to wear aluminum jacket when operating 
excavator.    

  
 Complete equipment checks on mobile equipment per 

operating manuals supplied by the vendor. 
 

 Confirm the safety shower is charged and operational. 
 

 Provide a charged water hose to the clarifier sample 
drum location.  Provide a charged fire hose to a nearby 
location for additional washing or fire fighting capabilities.  
Provide a fire extinguisher to a nearby site. 
 

 Locate safety candles to create an exclusion zone.  No 
one is to be inside the exclusion zone without 
authorization from the lead operator.  All personnel inside 
the exclusion zone are to be wearing the appropriate 
PPE. 
 

 Confirm at least one operator within the exclusion zone is 
in possession of a calibrated PH3 monitor. A calibrated 
PH3 monitor is to be located in the furnace area and in 
the control room. 
 

 
 

 
 
 
 



  KWI-RPR-101 

KW LOAD CLARIFIER MATERIAL INTO 
PAN STILL.  INSTALL LID AND 
AGITATOR ASSEMBLY AND 
PREPARE FOR TEST RUN 

Revision    1 
Issue Date:  

5/27/2011 

 

Pocatello, Idaho  Page 3 of 5 

 Authorized by:  KW - Tim Whiteus, Wade 
Keller. Rhodia -  Cam Balentine

 

 

SOP 101 - Load Pan Still 2011.doc                                            

 
Select a suitable pallet.  Place the large drum scale on 
the pallet.  Place the small containment pan on the scale.  
The containment pan will collect any clarifier material or 
wash water that is spilled while charging the Still.   
 

 Attach two 3/8” wire rope slings to the Pan Still support 
plate pad eyes.  Place the Pan Still inside the 
containment pan on top of the pallet scale.  Remove the 
wire rope slings before filling the Pan Still. 
 

 NOTE:  All material removed from the clarifier is tracked 
by Sample Drum number and weight.  A chain of custody 
form has been created to track the material being 
processed.  It is important to understand the material 
balance, phosphorus, water and residue from each Test 
run so all weights should be carefully recorded.   

  
  
 While water is necessary to prevent burning in the 

Sample Drum and Pan Still, excess water increases 
power cost and processing time.  Decant free water from 
the Sample Drum until the clarifier material is clearly 
visible but enough water remains to eliminate burning.  
Decanted water should be placed in a separate drum 
used for process water collection and returned to the 
clarifier after weights are recorded.   
 
Place the gasoline powered agitator in the Sample Drum.  
Slowly rotate the agitator around the Sample Drum until 
all material is thoroughly mixed.  Remove the agitator 
and place it in the process water drum.  Rinse the 
exposed flights of the agitator to eliminate burning. 
 
Attach the drum turning device to the forklift.  Tighten the 
T-bolts to securely attach the drum rotator to the forks.  
Attach a come-a-long from the drum rotator to the forklift 
carriage.  Tighten the come-a-long until there is no slack 
in the cable.  Carefully connect the drum rotator to the 
Sample Drum.  Place the Sample Drum over the edge of 
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the Pan Still.  Rotate the Sample Drum slowly, pouring 
clarifier material into the Pan Still while noting the weight 
of the material transferred.  When the desired quantity of 
clarifier material has been transferred, rotate the Sample 
Drum back to the vertical position.  Rinse the Sample 
Drum interior to remove any clarifier material.    
 
Rinse the Pan Still exterior and bottom plate to remove 
any contaminated material.  Leave enough water in the 
Pan Still to eliminate the potential for the clarifier material 
to burn.   

 All equipment used to obtain the clarifier sample should 
be re-inspected for contaminated material.   
 

 All water and material collected during this procedure 
should be drained or deposited into the clarifier.  If 
contaminated material is spilled on the ground, it should 
be collected with a shovel and returned to the clarifier. 
 

Install the Pan Still cover 
and agitator assembly 

Locate and stage tools, bolts, nuts, flat washers and 
gaskets.  Transport the loaded Pan Still to the process 
pad.  

 CAUTION.  When handling the Pan Still lid and agitator 
assembly.  The agitator packing is a long delivery item 
and easily damaged.  The combined weight of the 
domed lid, agitator, agitator packing and isolation valves 
is approximately 700 pounds. 

 Attach two 3/8” slings to the pad eyes on the Pan Still 
cover.  Before lowering the cover and agitator assembly 
into the Pan Still the sealing gasket must be in place.  
Install 2, 1-1/4” alignment pins in the Pan Still mounting 
plate.  Alignment pins will center the agitator in the Pan 
Still.  Using the forklift, lower the cover and agitator 
assembly into the Pan Still.  If the agitator blades do not 
penetrate the clarifier material with its own weight, wiggle 
the assembly by hand to force the agitator thru the 
clarifier material.  If the agitator still does not penetrate 
the clarifier material and the gap is less than 2”, the 1-
1/4” cover bolts may be installed and tightened to force 
the agitator thru the clarifier material.  Use necessary 
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caution not to damage the sealing gasket.   
 

 Remove the alignment pins.  Install 20, 1-1/4” bolts with 
2 flat washers each and nuts.  Bolts may be tightened to  
hand tight using an electric impact wrench.  Torque all 
bolts to 500 foot pounds in 250 foot pound increments.  
Starting at 4 locations 90 degrees apart, tighten all bolts 
equally, north and south then west and east.  Move to 
the next bolt to the left at each location and repeat the 
tightening sequence.  After all bolts are hand tight repeat 
the sequence using the torque wrench set to 250 foot 
pounds.  Repeat the tightening sequence again to 500 
foot pounds.     
 

 Weigh the Still and Lid assembly with material.  Record 
the gross weight for comparison to the post test weight.  
Leave 3/8” wire rope slings attached while weighing.  
Record the total combined weight on the Batch Summary 
Log Sheet.  Transport Pan Still and cover assembly back 
to the process pad.  Stage the Pan Still and cover 
assembly next to the furnace. 
 

 Open the 2” Vapor line valve and the 2” PRV valve.  
Leave valves open until rigging the Pan Still for furnace 
installation.   

  

 



 
 

Clarifier Bulk Sampling Process 
 
Preliminary work 
 Move portable safety shower from decontamination pad to sample site 
 Run potable water to sample site.  Need manifold with 2 outlets minimum 
 Confirm a charged fire extinguisher is available at the site. 
 Full P4 safety gear is required for this task. 

 Fire Repellant Suit 
 Hard Hat with Face Shield 
 Rubber Gloves 
 Rubber Boots 
 Personal Phosphine Monitor 

  
Confirm PH3 personal monitors functions correctly 

 Complete all equipment checklists 
 
Select a suitable pallet.  Place the drum scale on the pallet.  Manually place a 55 
gallon drum into the drum pan.  The drum pan will collect any clarifier material 
that is spilled during sample collection.  Move sample drum assembly to one of 
the clarifier sample locations.  Zero the scale and log the combined weight of the 
55 gallon sample drum and drum containment pan.    
 
Obtain 350-400 pound clarifier material bulk sample (approx. 4 cubic feet or 18” 
depth in 55 gallon drum) 
 
Clarifier Sampling Plan 
 
Samples will be taken from the Clarifier at three locations and three depths below 
the water level.  The approximate sample depths will be 4’-0, 8’-0 and 12’-0 
below the water level.  Because twelve drums of Clarifier material are required 
for the testing program, an additional sample will be taken at selected locations 
by rotating the excavator forty-five degrees clockwise.  At the West location a 
fourth and fifth sample will be taken at the 4’-0 and 12’-0 depths.  At the 
Southeast location the fourth sample will be taken at the 8’-0 depth.  
 
Clarifier sample locations. 

SE-1. Southeast Clarifier Location. – Southeast side of the clarifier near 
process pad at ~4’-0 below water level. (estimated to be <30% P4) 
SE-2. Southeast Clarifier Location - Southeast side of the clarifier near 
process pad at ~8’-0 below water level. (estimated to be 30-60% P4) 



SE-3. Southeast Clarifier Location – Southeast side of the clarifier near 
process pad at ~12’-0 below water level. (estimated to be >60% P4) 
SE-4. Southeast Clarifier Location + 45 degrees clockwise rotation – 
Southeast side of the clarifier near the process pad at ~8’-0 below water 
level. (estimated to be 30-60% P4) 
 
NE-1. Northeast Clarifier Location – Northeast side of the clarifier opposite 
the process pad at ~4’-0 below water level. (estimated to be <30% P4) 
NE-2. Northeast Clarifier Location - Northeast side of the clarifier opposite 
the process pad at ~8’-0 below water level. (estimated to be 30-60% P4) 
NE-3. Northeast Clarifier Location – Northeast side of the clarifier opposite 
the process pad at ~12’-0 below water level. (estimated to be >60% P4) 
 
W-1. West Clarifier Location – West side of the clarifier just south of the 
monitoring station at ~4’-0 below water level. (estimated to be <30% P4) 
W-2. West Clarifier Location - West side of the clarifier just south of the 
monitoring station at ~8’-0 below water level. (estimated to be 30-60% P4) 
W-3. West Clarifier Location – West side of the clarifier just south of the 
monitoring station ~12’-0 below water level. (estimated to be >60% P4) 
W-4. West Clarifier Location + 45 degrees rotation – West side of the 
clarifier just south of the monitoring station ~4’-0 below water level. 
(estimated to be <30% P4) 
W-5. West Clarifier Location + 45 degrees rotation – West side of the 
clarifier just south of the monitoring station ~12’-0 below water level. 
(estimated to be >60% P4) 

 
Stage Excavator (CAT 320) at the sample location.  Dig sample material from 
clarifier.  Twelve (12) 55 gallon sample drums will be filled with 350-400 pounds 
of clarifier material.  Manually shovel clarifier material from the excavator bucket 
into the sample drum until the desired weight is displayed on the drum scale.  
Record the weight of the clarifier material collected on the Drum Log.  Additional 
water may be added to ensure an adequate water cover is provide.  Excess 
water will be decanted during the laboratory sampling process.  
 
Laboratory analysis will confirm which drum of clarifier material will be used for 
each specific test.  Some sample drums may be used for multiple tests.     

 
After each drum of the clarifier material sample has been collected, attach a lid 
and securing ring on the drum. Using the forklift and drum lifter, raise the filled 
sample drum for exterior cleaning.  (Sampling Procedure).  Relocate filled 
sample drum to the decontamination pad for temporary storage.  Continue 
clarifier sampling until all twelve sample drums contain a 350-400 pound bulk 
sample of clarifier material. 
 
 
 



Collect two 10 mg individual samples from each drum of clarifier bulk sample 
material.  
 
For efficiency, the analytical samples may be taken one or more days after the 
bulk sample has been collected.   
 
The analytical samples must be taken from a homogenous completely mixed 
bulk clarifier sample.  If necessary the individual sample drums can be heated 
with a drum band heater (2 provided).  A drum agitator will be provided to ensure 
a homogenous mixture of the clarifier material is provided for the analytical 
sample.  Using a long handle ladle, a wide mouth sample container will be filled 
to a predetermined level.  Each sample container will be labeled by date the 
sample was taken, drum number and sample number (Drum1-Sample1, Drum1-
Sample2, etc).  Completed analytical samples will be stored in a designated, 
secure location until laboratory analysis can be completed.    
 
Laboratory analysis will be completed per The Standard Operating Procedure for 
Elemental Phosphorus/Toluene Insolubles 
 
Cleanup and Decontamination 
 
After the bulk sampling activities are completed, all equipment used in the 
process will be completely cleaned over the decontamination pan or clarifier.  All 
residue and wash water will be returned to the clarifier per the Waste Plan. 
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1.0  Introduction 

Pursuant to the RCRA §7003 Administrative Order in Docket No. RCRA-8-2000-07, the Corrective 

Action Order on Consent in Docket to RCRA-08-2004-0001,1 Rhodia Inc. (“Rhodia”) is pleased to 

present this Design Waste Plan to EPA regarding the 100 Foot Clarifier Pilot Project at Rhodia’s 

Silver Bow Plant, near Butte, Montana.  This Waste Plan summarizes the proposed activities related 

to inspecting all of the waste materials in the 100 Foot Clarifier Pilot Project. 

1.1 Waste Plan Activities 

The following tasks are proposed:   

 Empty the each “batch” of residue from the Clarifier Pilot Project still to a metal plate or 

container after the phosphorus vaporization process is complete. 

 Inspect each processed “batch” of processed clarifier material from the Pilot Project for 

evidence of smoking or igniting elemental phosphorus. 

                                                      

1  Section XX of the 3008(h) Corrective Action Order on Consent provides:  

“XX.  Other Applicable Laws. 

The Parties recognize and agree that the storage, treatment or 
disposal of any hazardous waste at the Facility may continue under 
this Order and the 7003 Order without Respondent having to meet 
applicable hazardous waste management standards or obtain a 
hazardous waste management permit, and Respondent shall not be 
deemed out-of-compliance with any applicable law or regulation 
relating to hazardous waste, including the requirement to obtain a 
hazardous waste permit, provided Respondent is otherwise in 
compliance with this Order ….” 

This provision allows the storage, treatment and disposal of the clarifier materials to be done in a 
manner that is considered protective by EPA, but not necessarily in accordance with hazardous waste 
management requirements.  Similarly, RCRA §7003, which is the authority for the Order regarding 
the clarifier, begins “Notwithstanding any other provision of this Chapter ....”  This clause has been 
interpreted by EPA to allow management of waste in a protective fashion but not necessarily in 
accordance with all hazardous waste management requirements.   



 

  
 

 If no smoke or flame is observed in the “batch”, apply a flame to the residue for several 

minutes and observe for smoke and flame.  If smoke or fire are present, return the residue 

material to the 100 Foot Clarifier. 

 If no smoke or fire is observed in the residue material, collect a sample for TCLP analysis, 

and containerize the material in a 30 gallon drum, label and seal the drum, and store on the 

concrete Hazardous Waste Storage Pad. 

 If the residue material fails the TCLP metals2 analysis, arrange for off-site transportation and 

disposal.  If the residue material passes the TCLP analysis, the residue will be dumped in the 

existing Roaster residue area. 

 Clarifier material that is spilled on the ground or in the pan underneath the hopper used to fill 

the stainless steel still during the still loading procedure will be returned to the 100 foot 

clarifier.  Excess water will be returned to the clarifier. 

 Elemental Phosphorus recovered during the Pilot test will be returned to the clarifier. 

                                                      

2 TCLP Metals includes: Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, Selenium, & Silver. 



 

 

 

 

 

 

 

 

 

 

 

 

 

7.5 Clarifier Material Summary 



 2011 Rhodia Phosphorus Recovery Pilot Project
Clarifier Material Summary

Date Test No. Drum Chg Wt. Agitated Location Depth Sample

6/15/2011 1 12 178.8 Yes 27.0% 29.0% 55.2% 50.4% 17.8% 20.6% 60.3% 58.5% Northeast 12' A2

6/21/2011 2 5 175.4 No 27.9% 25.6% 50.0% 37.2% 22.1% 37.3% 55.8% 40.8% West - B 4' B

6/23/2011 3 5 176.4 Yes 27.9% 30.4% 50.0% 42.3% 22.1% 27.3% 55.8% 52.7% West - B 4' B

6/28/2011 4 7 248.0 Yes 41.5% 37.8% 41.3% 42.9% 17.2% 19.3% 70.7% 66.2% Southeast 4' A

7/12/2011 5 8 346.8 Yes 34.2% 41.1% 46.3% 40.4% 19.5% 18.5% 63.6% 69.0% Southeast 8' A

7/19/2011 6 10 347.7 No 33.0% 29.6% 45.9% 41.9% 21.1% 28.5% 60.9% 50.9% Southeast 8' A

7/26/2011 7 7 253.0 Yes 41.5% 44.3% 41.3% 38.2% 17.2% 17.4% 70.7% 71.8% Southeast 4' A

7/28/2011 8 11 362.0 Yes 24.7% 30.0% 55.0% 42.7% 20.3% 27.3% 54.9% 52.4% Northeast 8' A

8/9/2011 9 1 247.0 No 31.1% 22.6% 43.3% 51.5% 25.6% 25.9% 54.8% 46.6% Northeast 4' A

8/16/2011 10 9 248.1 No 30.2% 31.6% 47.3% 43.5% 22.4% 24.9% 57.4% 56.0% Southeast 12' A

8/23/2011 11 3 253.0 No 37.0% 13.9% 39.7% 66.1% 23.3% 20.0% 61.4% 41.0% West 8' A

8/25/2011 12 2 249.0 Yes 34.8% 32.7% 43.8% 48.4% 21.4% 19.0% 61.9% 63.2% West 4' A

Total Clarifier Material Processed 3,085.2

Sample Drums No.4 and No.6 were not used for Tests.  The material in these drums was returned to the clarifier.

6 31.8% 45.5% 22.7% 58.3% West - B 12 A

4 31.9% 48.1% 20.0% 61.5% West 12' A

Test Data Laboratory Sample Summary

% P4 - Lab Analysis vs. 
Actual Test %

% Water - Lab Analysis vs. 
Actual Test %

% Residue - Lab Analysis 
vs. Actual Test %

% P4 to  Residue - Lab 
Analysis vs. Actual Test %



 

 

 

 

 

 

 

 

 

 

 

 

 

7.6 Operator Log Sheets and Test Run Notes 









Test 1 Notes.         June 15, 2011 

Material Balance Summary in pounds. Sub = by subtraction 

Lab Analysis  Scale Weights 

P4 sub     48.3   51.8  

H2O              98.7  sub     90.1 

Res           31.8   36.9 

Observations:  First test of the 201l testing program. 178.8 pounds of clarifier material 
was loaded in the Still, basically a half batch.  Projected to be 55% water and 60% P4 to 
solids ratio.  Test 1 used the internal Still agitator. Water overflow started with the first 
hour of run time at a Still temperature of ~190.  Experienced a high water level alarm in 
the condenser near the end of the test.  Opened the PRV and completed system checks 
for water levels in the condenser.  Water levels proved to be within the normal operating 
range.  Condenser overflow water temperatures had dropped to 100 F. (condenser 
outlet around 70 F.).  Condenser spray water temperature thermocouple not sending a 
signal.  Probable connection to high level alarm being triggered by condenser spray 
water colder than normal operating temperature.  Performed a vapor line test at 20:25 
with significant flame and smoke.  No flame or smoke from the vapor line at 20:50 and 
the vapor line temperature was consistently dropping.  After shutoff, pressure in the Still 
raised to 80” w.c., vented the furnace thru the PRV and left the valve slightly open 
overnight.  Still temperature was 412 at 06:30 the next morning.  pH of condenser water 
at the end of the test = 4.  Very little P4 collected in TK-100.  

Residue:  Condensed Phos acid burned when the Still lid was removed.  The Phos acid 
was concentrated at the Still to lid gasket interface.  The Still lid is heat traced with a 
thermon insulating cement coating.  Castable refractory is scheduled to be installed 
over the heat tracing before Test 2.  Residue is light gray in color and light weight 
similar to fly ash.  There was an orange band of residue 6-8” around the Still 
circumference just below the lid to gasket interface.  This layer of material has streaks 
of yellow at several locations within the orange material. (Digital pictures included).    

High Temperature Residue.  The following notes are provided by Kevin Ryan, 
consultant to Rhodia, who is assisting with the Tests. 

By ~14:30 this afternoon (Jun 16th) the still from yesterdays test run had been removed 
and was opened. The residue at the bottom of the still was black/dark grey and did not 
ignite spontaneously. Also, an inch or more of residue was attached to the agitator and 
did not burn when the cover was pulled. We estimated that there were about 6 inches of 
residue spread unevenly throughout the bottom of the still. In order to assess whether or 



not there was any sign of yellow or red phosphorus associated with the residue, we took 
a small sample and ran a flame over it. The sample did not ignite, suggesting that the 
phenomenon causing the rise in temperature of the residue does not appear to be 
phosphorus initiated.  

After ~1.5 hours, the sample temperature probe within the isolated sample pan 
indicated 350 F. After 2 hours, the temperature probe within the isolated sample pan 
registered ~150 degrees F and the sides of the pan appeared cool to touch. However, 
when the thermocouple was removed and placed in another part of the pan - which 
causes some agitation - the thermocouple temperature rose to ~210 degrees. 

Other than the curious result above, the main observation from the opening of the still 
was that the top 6" of the still had a thin red/orange crust of oxyacid with perhaps some 
Red phosphorus. We speculated that this may have been caused by condensation of 
some P4 near the top of the still and then subsequent conversion 

There was an odor of perhaps phosphine, or sulphide, or some other emission. The 
Drager tube tests did confirm that there were phosphine emmisions from the still residue 
and appropriate precautions were taken. 

The temperature probe that we inserted into the residue indicated 191 degrees F. We 
collected an ~3 lb sample of the residue in a SS pan and inserted a smaller 
thermometer in it. We observed that the temperature of the residue continued to rise in 
the area of the thermocouple to >450 degrees F - local to the thermocouple! There 
appeared to be an exothermic reaction taking place within the residue. We isolated the 
sample and stored the SS container securely within a larger drum. The remainder of the 
residue we washed back into the clarifier.  

 











Test 2 Notes.         June 21, 2011 

Material Balance Summary in pounds. Sub = by subtraction 

Lab Analysis  Scale Weights 

P4 sub     48.9   44.8  

H2O              87.9  sub     65.2 

Res           38.8   65.4 

Observations:  Test 2 was not agitated.  175.4 pounds of clarifier material was loaded in 
the Still.  Test 2 was intended to be a comparable duplication of Test 1 without agitation.  
The final quantity of residue was much higher than lab analysis indicated with a 
corresponding reduction in the quantity of water removed.  Total run time was similar 
but the water and yellow P4 phases were significantly shorter.  Completion of the test or 
RAP phase was four times as long as Test 1.  Recycle water temperatures were 
elevated (150 F) to start the run and were difficult to control thru the water boil phase.  
High condenser spray temperatures may have contributed to the additional quantity of 
P4 found in the water recycle tank.  The TCV does not appear to respond quick enough 
to maintain the water temperature within +/- 10 F of the 130 F set point.  For subsequent 
tests, recycle water temperatures will start at 100-110 F to compensate for heat loading 
from the water boil phase.  Significantly higher Still temperatures were required to 
complete the test.  1190 F vs. 860 F for Test 1.  Vapor line temperatures at the end of 
test were inverse, 273 F  vs. 370 F for Test 1.  Recovered P4 quality for both tests was 
good with little dirt carry over.  Phosphine levels exceeded 1000 ppm within an hour of 
startup.  Water overflow was noted 45 minutes after startup at ~195 F Still temperature. 

Residue:  Phos acid around the Still lid to gasket interface was much less than Test 1.   
Possibly due to no agitation of the light weight residue.  A light layer of P4 contaminated 
material around the upper perimeter generated a small amount of smoke and flames.  
The residue was crusted over, approximately 6-8 inches deep.  There was no 
detectable phosphine.  There were large nodules attached to the Still shell in the heated 
zone with white and red deposits in the unheated upper portion of the Still.  The residue 
was field tested for ignitability  and reactivity with negative results.  Samples were taken 
for TCLP analysis.  

  

 









Test 3 Notes.         June 23, 2011 

Material Balance Summary. Sub = by subtraction 

Water Collection Method  Lab Analysis  Scale Weights 

P4 44.1         sub     49.2   53.6  

H20 69.0                              88.2  sub     74.7 

Res 63.3 sub          39.0   48.1 

Observations:  Test 3 was intended to mirror Test 2 with the addition of the Still agitator.  
Drum 5 clarifier material was used for both tests.  176.4 pounds of clarifier material was 
loaded in the Still (+1 pound from Test 1).  Test 3 was very efficient.  Run time was 7 
hours vs. 9 hours for Test 2.  kWH per pound charged was slightly less for Test 3 than 
Test 2 (0.53 vs. 0.58) and much less than Test 1 (0.53 vs. 0.71).  Phosphorus 
recovered was granular and appeared to be contaminated with dirt.  Phosphine 
readings were much lower throughout the test, exceeding 1000 ppm only once on 
regular reading cycles.  Overflow water to the clarifier began at ~40 minutes after 
startup and 190 F Still temperature.  Started collecting overflow water (when possible) 
as another method of verifying the P4/solids/water ratios in the clarifier material tested.  
Results from this test are included above.   

Residue:  A phos acid ring was again evident around the Still lid to gasket interface.  For 
reference, this location is the weld joint attaching the Still vessel to the mounting plate.  
A beveled joint is created providing a cavity for accumulation of P4 contaminated 
material.  Additionally, the upper section of the Still is not externally heated for the 2011 
tests creating a ‘cold’ joint for condensing acid.  The acid ring for Test 3 was darker 
indicating more contamination.  No flame and only moderate smoke was observed 
when opening the Still. Part of the P2O5 smoke originated from phos acid in the Vapor 
line outlet duct.  Residue remaining in the Still was ambient temperature with no 
detectable phosphine.  Field ignitability and reactivity test were negative.  Samples were 
taken for TCLP testing. 

    









Test 4 Notes.         June 28, 2011 

Material Balance Summary in pounds. Sub = by subtraction 

Water Collection Method  Lab Analysis  Scale Weights 

P4 96.66         sub   102.92   93.7  

H20 99.20                            102.42  sub   106.5 

Res 52.14 sub         42.65   47.8 

Observations:  The Still and residue had a very pungent odor similar to sulphur.  PH3 
was 2.09 ppm when the still was opened.  Several of the pictures show traces of a 
yellow substance on the sidewalls and in the residue.  The yellow substance would not 
burn or smoke.  When stirred the residue temperature elevated from ambient (48) to 
almost 90.  4 hours later the residue temperature is slightly elevated at 77.  The residue 
material was light and fluffy with a density of 35 lb/ft3.  The residue from Test 4 was 
retained in a drum.  Samples were taken for TCLP analysis. 

Dust carryover.  There was significant quantity of dust carried over from the Still to the 
condenser.  Photos of agglomerated dust and ?? are included.  Samples from the P4 
collection drum also showed a significant dirt layer sitting on top of and attached to the 
P4.  The recycle water drum contained a small quantity of fine granular material more 
orange in color.  No P4 was detected in the recycle water drum.  Retrieved a sample of 
the P4 from Test 3.  There was a layer of granulated P4 on top of the the normal P4 
cake.   Photos attached. 

System contamination.  A dark orange/red sticky material was found in the vapor line at 
the condenser inlet and in the plug valve at the furnace nozzle.  Previous experience 
indicates this material is caused by air leakage.  All potential leak points including the 
packing were inspected and no problems were apparent.  

Test 4 run.  Other than some water temperature excursions during the water boil phase, 
the test was uneventful.  Added almost one hundred gallons of makeup water to control 
the temperatures.  Several vapor valve tests were conducted to determine the end 
point.  In hindsight, the run probably needed to continue 30-60 minutes longer with 
maybe a 50-100 deg. F increase in temperature.  Ran the entire test at 0.5 cfm 500 deg 
F N2 on the packing and Still.  Never was able to ignite the vent stack and the PH3 was 
over 1000 ppm for several hours during the middle of the Test.    

Test 5.  Wednesday 6th.  Drum 3.  250 lb agitated charge with the Still N2 at 1.5 cfm and 
packing at 0.5 cfm.     

Graciously accepting all constructive input or suggestions………………Tim 











Test 5 Notes.                   July 12, 2011 

9:00 hours ‐ 346.8 pounds ‐ agitated 

Material Balance Summary.  Sub = by subtraction 

Water Collection Method  Lab Analysis    Scale Weights 

P4  Not recorded    sub   118.6           142.6 

H2O  Not recorded             160.6           140.2 

Res  Not recorded               67.6             64.0 

Observations:  Shortly after starting Test 5 it became impossible to control the condenser and furnace 

pressures.  The as the condenser outlet temperatures were low, the initial conclusion was that the 

educator was frozen.  Attempts to thaw the educator with hot water were unsuccessful.  It was then 

decided to control the system pressure utilizing additions condenser sprays while installing a blank in 

the condenser outlet to remove the educator.  During this process it was determined the educator was 

pugged solid with small round particles of clear to white phosphorus a sixteenth or less in diameter.  

Also at this time a small hole was observed in the top of the educator.  During dis‐assembly the bottom 

of the 1‐1/2” to ½” transition bushing was found to be filled with solids, mostly small particles of brown 

phosphorus contaminated material.  In an attempt to complete repairs before completion of the water 

boil phase, the hole in the educator was stuffed with pig putty until there was no vapor trail.  The 

pressure system continued to be difficult to control.  Manual adjustment of the condenser spray valves 

was the most successful method of controlling pressure.  Temperatures were maintained by adding 

fresh water thru the bypass valve.  Collecting water for a water balance was problematic due to the 

volume of water added to the recycle loop.  Approximately 400 gallons of makeup water was added to 

the system.  During the repairs (~11:00) the N2 cylinder went empty.  With no flow, both N2 heaters 

failed.  The Test was completed with cold nitrogen. 

Opening the Still after the run was complicated by the agitator being stuck to the pivot in the Still 

bottom.  After removal of the packing the lid was removed with no fire or smoke.  A material of light 

yellow color covered the inside of the Still lid.  That material later washed out with cold water from a 

garden hose.  The residue was light and fluffy with some traces of yellow.  The residue was removed 

from the Still by vacuuming.  After removing the residue, the agitator was extracted with little effort. 

Very little acid or P4 was found in the system during post‐test cleaning.  The P4 produced during Test 5 

did have a dirt layer on top of the P4.  May have been carry over during the pressure excursions or with 

the N2 sweep gas at the end of the run.  Reducing the agitator RPM at the end of the run might be of 

some help. 

Was unable to ignite the vent stack at any time during the Test. 

 















Test 6 Notes.                   July 19, 2011 

19:30 hours – 347.7 pounds – not agitated 

Material Balance Summary.  Sub = by subtraction 

Water Collection Method  Lab Analysis    Scale Weights 

P4       99.7      sub   114.7           102.9 

H2O    148.6               159.6          sub      140.2 

Res      99.4  sub               73.4            99.2 

Observations:  Test 6 started at noon due to installation of a new educator.  Was unable to obtain an 

exact duplicate of the damaged educator so a substitute was purchased.  Eductor water and inlet 

pressures will be different from previous Tests.  Overall system pressures are higher on the vapor line 

and lower on the educator.  Time required to reach milestone temperatures were considerably longer as 

expected without agitation even though overflow during the water phase was observed at 12:20.  

Biggest news is the vent stack emissions.  At approximately 18:30 the vent stack was producing a 

blue/green flame and P2O5 plume.  This event continued off and on until 06:00 the next morning.  

Corresponding to the vent emissions, a self‐igniting flame was observed at the vapor valve when tested.   

Furnace/Still Temperatures:  For the most part the furnace and Still temperatures exhibited 

characteristics of previous Tests.  Around 20:00 there was reason to believe the RAP phase had begun so 

the P4 was drained from the condenser and preparations were made for shutting down in 2‐4 hours.  

Still temperatures climbed to 1211 at 22:30 and remained there within 0.5 degree for over 9 hours.  The 

furnace temperature was incrementally raised over this time frame to 1500 F.  A vapor valve test at 

06:30 still produced a small flame and P2O5 plume.  Another vapor valve test was performed at 07:00 

with no flame or plume.  The furnace was shut off at 07:30. 

Smoke and some flame was observed when opening the Still.  A small quantity of phos acid had 

collected at the Still to lid gasket interface.  This has occurred on several Tests.  When the phos acid 

contaminates the residue material it is returned to the clarifier.  The walls of the Still above the residue 

were bright yellow with a ½”‐1” layer of material attached.  When disturbed the wall material did not 

burn.  Residue in the bottom of the Still was crusted over and came out in large chunks.  Again the 

yellow tint throughout.  Sending some digital pictures to better explain.   

The P4 produced was of good quality.  Due to the depth of P4 in the product drum it is difficult to break 

into chunks.  A picture of the P4 collected from the recycle tanks is also attached. 

 

 

    



 









Test 7 Notes.                   July 26, 2011 

Run time. 7 hours, 30 minutes – 253.1 pound charge  – agitated 

Material Balance Summary.  Sub = by subtraction 

Water Collection Method  Lab Analysis    Scale Weights 

P4    100.8                    sub   105.0           112.2 

H2O    108.2  sub *             104.5          sub        96.8 

Res      44.1  sub               43.5            44.1 

* Water collection for material balance verification is difficult during the water boil phase as the recycle 

water temperature is currently being controlled manually.  Over 200 gallons of makeup water was 

added during the water phase of Test 7. 

Observations:  Test 7 was the balance of the material from Drum 7.  Drum 7 was the highest P4 content 

sample taken from the clarifier (41.5%), with an almost equal amount of water.  Test 4 produced P4 with 

a significant dirt layer on top.  Test 7 was to determine if the dirt carry over to the product drum could 

be reduced if the high water temperatures experienced on Test 4 were kept in a lower operating range.   

Repeatability of material balance and P4 production results are also important. 

NOTE:  KW was successful in utilizing our Tank Car sampling equipment to obtain a 6 to 8 inch sample of 

the P4 collected in the product drum.  As a result we now know the P4 from every test to date has a 1” 

to 1‐1/2” layer of dirt on top of the P4.  A core sample completely thru the P4 plug has not been 

successful at this point.  Dirt carry over will likely be a topic of conversation at the August 4th conference 

call.  Digital pictures will be routed before the conference call.     

Lessons Learned.  During a nitrogen cylinder change at 13:00 hours, very near the end of the white P4 

phase, the Still ‘burped’ and filled most of the magnehelic and transmitter tubing lines on the Vapor line 

as well as the nitrogen supply lines full of Still material.  These tubing lines required replacement.  

Between Tests, a manifold with separate shut  off valves between the nitrogen regulator and the N2 

heaters was installed.  Previously the Still pressure was erradic when the flow of nitrogen was 

interrupted, sometimes creating a suction on the Still.  That problem should be resolved with the piping 

revisions. 

Test 7 Residue.  PH3 was 2.5 ppm when the Still was opened.  Some yellow coloring in the residue.  No 

distinctive odor was detected.  Field tests on the residue were non‐reactive and not ignitable.  The Still 

lid showed only trace amounts of P4 in the outlet nozzle.  There was once again phos acid around the 

inside of the Still to lid gasket joint.  Due to residue contamination from this phos acid the residue from 

Test 7 was returned to the clarifier.  A sample was taken for TCLP analysis    

 















Test 8 Notes.                   July 28, 2011 

Run time.  18 hours  – 362 pound charge  – agitated 

Material Balance Summary.  Sub = by subtraction 

Water Collection Method  Lab Analysis    Scale Weights 

P4      96.3                    sub    89.4           108.6 

H2O    192.2  sub *            199.1          sub      154.7 

Res      73.5  sub               73.5            98.7 

* Water collection for material balance verification is difficult during the water boil phase as the recycle 

water temperature is currently being controlled manually.   

Test 8 material balance was varied significantly from the lab analysis.  Sample Drum 11 was selected for 

this test because the analysis was high water (55%) and low P4 (20.3),  even tho the final weights 

indicated a lower water, higher P4 content.  The water phase lasted over 6.5 hours. 

Observations:  Test 8 was unique from several perspectives.  First and most significant was the P205 

plume generated within 30 minutes of startup.  The plume was dense at times and was visible across the 

clarifier (>100 feet).  Furnace ramp rate was the standard 700 F. until the end of the water phase.  The 

Still temperature recorded was 93 F.  Further evidence of early P4 generation was demonstrated at 

10:00 when the water recycle pump discharge pressure dropped from 35 psi to 18 psi due to a plugged 

strainer.  We continued to run the Test while the strainer was cleaned.  The material removed was pure 

P4 as expected.  The recycle tank was drained several times during the Test anticipating a large 

carryover of P4.  Final weights confirmed a higher than usual (16%) amount of P4 in the recycle drum.   

Test 8 run time was 18 hours and should have been several hours longer based on the condition of the 

Still at opening.  A conscious decision was made to terminate the run after 18 hours although there was 

a slight vapor trail on the vapor valve.  The vapor trail did not self ignite but was clearly visible.  Still 

temperatures were approaching 900 F. and the Vapor Line temperatures were declining (271 F.).  

Previous tests were terminated a temperatures from 950 F. to >1200 F.  Previous large weight charges of 

350 lbs  we completed at 1150 F. or higher.  Probably needed 2 additional hours or more based on Test 

5. 

Unique Operating Condition:  Test 8 started with the agitator set at 1 rpm.  Six hours into the run, right 

at the end of the water phase, the agitator started working it’s way out of the Still.  The agitator raised 

½” to ¾” thru the packing.  Raised the rpm to 2 and monitored the agitator.  Two hours later the agitator 

was again sitting on the thrust washer.  The rpm was reduced during the RAP phase with unusual 

behavior.   

Residue:  When the Still was opened there was a manageable amount of fire and smoke.  High levels of 

PH3 was detected.  The residue was contaminated and returned to the clarifier.   













Test 9 Notes.                   August 9, 2011 

Run time.  14 hours  – 247 pound charge  – not agitated 

Material Balance Summary.  Sub = by subtraction 

Lab Analysis    Scale Weights 

P4   sub    81.8             55.9 

H2O           107.0          sub      127.2 

Res             63.3            64.1 

Water collection during Phase II and Phase III.  Water was collected during the yellow P4 and RAP phases 
of the Test using the 250F‐630F and 630F to end of Test criteria.  Water collection (by displacement) 
projected to 45.9 pounds of P4 but most interesting was the split, 15.3 pounds during Phase II and 30.6 
pounds during Phase III.  There may be a correlation to the length of Phase II in the non‐agitated Tests.  
In each of the three non‐agitated Tests the percentage of run time in Phase II was significantly less than 
that of the Tests utilizing the agitator.  Perhaps there is more yellow P4 being converted to RAP.  

Observations:  Water overflow started within 15 minutes of startup.  During the water boil phase, within 
two hours of startup a P2O5 plume began to drift from the vent stack, carrying at times up to 100 feet.  
The nitrogen supply was reduced from 1.5 cfm to 0.5 cfm and a second condenser spray was partially 
opened which reduced the plume to +/‐ 10 feet.  At the end of the water phase the condenser and 
recycle water tank were sampled for dust carryover.  There was a small quantity of fine red and yellow 
color material in the water sampled that appeared to be P4.  Condenser water PH was 3 and the recycle 
tank water was 5.  Approximately 150 gallons of makeup water had been added prior to the samples.   

Began checking the vapor valve for P2O5 about 11 hours into the Test (18:00) with self‐ignition until 
19:30.  Light P2O5 smoke continued until 20:30 when a self‐igniting blue/green flame about 2” long 
appeared while sampling the vapor valve.  There was a slight wisp of P2O5 with the blue/green flame 
and at 21:00 it was decided to terminate the Test. 

Residue.   When the Still was opened there was very little smoke and no flames.  Temperature of the 
residue was 147F.  There was consistent yellow coloring in the residue and on the Still walls.  Digital 
photos distributed describe the contents and Still best.  No Phos acid was found around the Still to lid 
interface.  The residue did not ignite when exposed to flame and was not reactive when mixed with 
water.  PH3 readings were zero but the strong smell similar to H2S (but still different) was evident. 

Tested the condenser and recycle tank water PH when the phosphorus in each tank was drained to 
drums.  Condenser = PH of 1.  Recycle tank = PH of 3. 

See the digital pictures provided for visual evidence of the dirt layer on top of the P4 produced. 

 













Test 10 Notes.                   August 16, 2011 

Run time.  13 hours  – 248 pound charge  – not agitated 

Material Balance Summary.  Sub = by subtraction 

Lab Analysis    Scale Weights 

P4   sub    74.9             78.4 

H2O           117.4          sub      107.9 

Res             55.6            61.8 

Material balance was less than 4% variance between lab analysis and actual weights.   

Test Summary.  Was not able to establish a connection between the Still T/C and the data recorder so 
establishing a clearly defined break point between the phases for water collection was not possible.  
Using the Vapor Line temperature and Kwh consumption also makes it more difficult to predict the 
completion of the Test.  Once again the Vapor Line temperature fell rapidly over the final 3‐4 hours of 
the run and testing the vapor line valve regularly provided an acceptable end result.  The final hour of 
run time produced the same self‐igniting blue/green flame from the vapor valve as previous tests.    

A P2O5 trail from the vent stack began at 8:15.  Added 60 SCFH of nitrogen to the top of the recycle tank 
to reduce the emissions.  Tested various volumes of cold N2 in the recycle tank to reduce the P2O5 
plume.  30 SCFH kept the vapor trail at about 3 feet.  PH3 readings were +1000 ppm.   

Vapor line valve leak.  While washing the vapor line at the end of the test, steam started coming out of a 
disconnected nitrogen supply line attached to the Still.  The plug valve on top of the Still lid was pressure 
tested later and confirmed to be leaking.  Still pictures from Test 9 and Test 10 (attached) indicate the 
plug valve was most likely leaking during cleanup on Test 9.  Test 8 was a failed test so Still pictures are 
not available. 

Residue.   When the Still was opened there was very little smoke and no flames.  Temperature of the 
residue was 220F. as the Still was removed from the furnace that morning.  There was very little yellow 
coloring in the residue or on the Still walls.  Digital photos are attached.  No Phos acid was found around 
the Still to lid interface.  The residue did not ignite when exposed to flame and was not reactive when 
mixed with water.  PH3 readings were 0.60 with a slight H2S or sulfur odor.  A residue sample was tested 
and yielded 6 ppm for H2S (Draeger tubes).  There are potential phosphine interference issues to be 
considered and additional testing will be conducted on Test 11 and 12. 

Tested the condenser and recycle tank water PH when the phosphorus in each tank was drained to 
drums.  Condenser = PH of 4.  Recycle tank = PH of 2. 











Test 11 Notes.                   August 23, 2011 

Run time.  9:42 hours  – 253 pound charge  – not agitated 

Material Balance Summary.  Sub = by subtraction 

Lab Analysis (lbs)  Scale Weights (lbs) 

P4   sub    91.8             34.5 

H2O             98.5          sub      163.9 

Res             55.6            49.7 

The lab analysis to actual weights variance was huge.  As the bulk of the difference was P4 and water the 
error was likely in determining the quantity of water in the lab sample.     

Test Summary.  Continued difficulties establishing a wireless connection between the Still T/C and the 
data recorder.  Utilized a long probe digital temperature gauge during the water phase (up to 350F) to 
record the Still temperatures shown on the operator log.  Was able to hard wire the Still T/C to the data 
recorder late in the run.  Still temperatures recorded after 15:30 should be accurate.   Added 1‐2 gallons 
of makeup water thru out the water phase to control recycle water temperatures.               

Residue.   When the Still was opened there was very little smoke and no flames.  Temperature of the 
residue was 50F.  There was a light yellow colored dust layer on the Still walls.  Easily removed with hand 
tools.  The Still lid was very clean.  Digital photos are attached.  No Phos acid was found around the Still 
to lid flange.  The residue did not ignite when exposed to flame and was not reactive when mixed with 
water.  PH3 and H2S readings were 0.00.  Tested the condenser and recycle tank water PH when the 
phosphorus in each tank was drained to drums.  Condenser = PH of 2.  Recycle tank = PH of 1. 

The small quantity of P4 produced was of very good quality.  There was no measurable dirt layer on top 
of the P4.  37% of the phosphorus recovered was from the recycle water tank. 

Test 12 is Thursday, August 25th.  249 lb charge – agitated. 











Test 12 Notes.                   August 25, 2011 

Run time.  9 hours 45 minutes  – 249 pound charge  – agitated 

Material Balance Summary.  Sub = by subtraction 

Lab Analysis    Scale Weights 

P4   sub    86.7             81.3 

H2O           109.1          sub      120.5 

Residue            53.3            47.2 

Test Summary.  Test 12 water overflow from Phase I was within 30 minutes of startup with a Still 

temperature of 155F which is less than the expected +190F.  The Phase I temperature plateau was also 

~15F lower than the 215‐217F normally experienced.  During the water boil phase it is almost impossible 

to fine tune the vapor line and eductor pressures with the fluctuations being more severe than those in 

Phase II.  During Test 12 the system pressure was controlled with a second condenser spray without 

using the eductor at all.  A second condenser spray also appeared to help control recycle water 

temperature spikes during Phase I.  A P2O5 vapor trail from the vent stack was also observed with 30 

minutes of startup.  Adding cold nitrogen to the top of the recycle tank helps reduce the plume. 

About 6 hours into the run, the furnace controller tripped off.  Typical electrical checks conducted were 

normal.  The problem was finally traced to a faulty over temperature thermocouple at the furnace.  

Testing resumed shortly after isolating the T/C.      

Another repeat indication of dust carryover during agitated test runs is the vapor line wash water.  Test 

11, non‐agitated, had clean, clear wash water and only slightly cloudy recycle water.  Test 12 vapor line 

wash water color was similar to chocolate milk and the recycle water was brown to dark gray.  The pH of 

the condenser and recycle tank at the conclusion of the Test was 4 and 2 respectively.  A picture of P4 

produced is attached.   

Residue.   When the Still was opened there was no smoke or fire. Temperature of the residue was just 

above ambient.  Digital photos are attached to provide a clearer definition of the residue material.  No 

Phos acid was found around the Still to lid interface.  The residue sample taken did not ignite when 

exposed to flame and was not reactive when mixed with water.  PH3 readings were negligible.  There 

was no indication of H2S in the Draeger tube, although there was a slight ‘other’ odor.   There was a 

crust of residue continuous around the Still walls equal in depth to the gap between the agitator and 

Still wall.  When the crust was disturbed, the cross section showed both a red and yellow layer.  The 

digital photo will more accurately describe the finding.  The Still wall would be on the left.  The sample 

shown was quarantined for several days and re‐examined.  The red layer from the photo is no longer 

visible in the sample.  Also note in another photo there is burning P4 in the residue at the bottom of the 

agitator.  Similar to other agitated tests, the gap between the bottom of the agitator and the Still (~1/2”) 

is very hard and will have to be removed with a chipping hammer.  It is possible that the run was not 

complete even though the temperature indicators and vapor line valve checks indicated the run was 

finished.  A spreadsheet of temperatures for agitated and non‐agitated Tests is attached for additional 

information. 



 

 

 

 

 

 

 

 

 

 

 

 

 

7.7 Pilot Recovery System Summary 



Rhodia Pilot Phosphorus Recovery System
Summary of Test Runs 2011 Note:  Times are Mountain

Test # 1 Test #2 Test #3 Test #4 Test #5 Test #6 Test #7 Test #8 Test #9 Test #10 Test #11 Test #12 Averages
Variable & Sums

A Date 15-Jun-11 21-Jun-11 23-Jun-11 28-Jun-11 12-Jul-11 19-Jul-11 26-Jul-11 28-Jul-11 9-Aug-11 16-Aug-11 23-Aug-11 25-Aug-11
B Day Wed Tues Thurs Thurs Tues Tues Tues Thurs Tues Tues Tues Thurs
C Start Time 13:17 9:00 8:00 7:38 7:00 12:30 7:37 7:05 6:49 8:17 7:35 9:05
D End Time 21:55 18:00 15:00 14:15 16:00 7:26 15:05 1:05 21:00 21:15 17:17 6:45
E Duration Hrs. 8.63 9 7 6.62 9 19.4 7.5 18 14.22 13 9.75 9.67 11.0
F Drum/Sample # 12A 5B 5B 7 8 10 7 11 1 9 3 2

G Charge Weight lbs. 178.8 175.4 176.4 248 346.8 347.7 253.1 362 247 248.1 253 249 257.1
H kwh consumed/batch 127.7 102.3 93.6 104.9 153.8 202 113 151 143.65 142.6 136 125.6 133.0
J N2 consumed/batch c.f. 540.5 762 760 400 see note 1925 2128 811 712 608 1574 1022.1
K Fce Ramp Rate          700 F  Hrs. 3.5 3 1.5 0.4 3 4 3 5 5.5 2 4 4

                                 1200 F  Hrs. 0.75 3.75 5 6.2 3 3.5 4.5 8.5 8.72 11 5.75 5.67
                                 1250 F  Hrs. 2.5 2 0.5
                                 1300 F  Hrs. 2 2.5 4.5
                                  1350 F Hrs. 0.5 1.25
                                 1400 F Hrs. 3.75
                                  1500 F Hrs. 7
Total Heating Time 8.75 8.75 7 6.6 9 19.5 7.5 18 14.22 13 9.75 9.67 11.0
Lab Analysis

L %P4 27 27.9 27.9 41.5 34.2 33 41.5 24.7 31.1 30.2 37 34.8 32.6
M % Residue 17.8 22.1 22.1 17.2 19.5 21.1 17.2 20.3 25.6 22.4 23.3 21.4 20.8
N % Water 55.2 50 50 41.3 46.3 45.9 41.3 55 43.3 47.3 39.7 43.8 46.6

Calculated Wt of Mtl from Lab Anal.
P4 48.28 48.94 49.22 102.92 118.61 114.74 105.04 89.41 76.82 74.93 93.61 86.65
Residue 31.83 38.76 38.98 42.66 67.63 73.36 43.53 73.49 63.23 55.57 58.95 53.29
Water 98.70 87.70 88.20 102.42 160.57 159.59 104.53 199.10 106.95 117.35 100.44 109.06
Total Weight Charged 178.80 175.40 176.40 248.00 346.80 347.70 253.10 362.00 247.00 247.85 253.00 249.00

O Ratio P4/P4 + Residue% 60.3 55.8 55.8 70.7 63.7 61.0 70.7 54.9 54.9 57.4 61.4 61.9 60.7
P Ratio P4/Residue % 152 126 126 241 175 156 241 122 121 135 159 163 159.8
Q Clarifier Sample Location Northeast West B West B Southeast Southeast Southeast Southeast Northeast Northeast Southeast West
R Clarifier Depth 12' 4' 4' 4' 8' 8' 4' 8` 4' 12' 8'

Mtl Accounted For - Measured
S P4 lbs 51.8 44.8 53.6 93.7 142.6 102.9 112.2 108.6 55.9 78.4 34.5 81.3
T Residue lbs 36.9 65.4 48.1 47.8 64 99.2 44.1 98.7 64.1 61.8 49.7 47.2
U Water (By Delta in Runs 1,2,5 & 6 ) 90.1 65.2 69 95.76 140.2 145.6 96.8 154.7 127.2 107.9 163.9 120.5
V Unaccounted 0 0 5.7 10.9 0

% Mtl Accounted For
P4 29.0 25.5 30.4 37.8 41.1 29.6 44.3 30.0 22.6 31.6 13.6 32.7 33.5
Residue 20.6 37.3 27.3 19.3 18.5 28.5 17.4 27.3 26.0 24.9 19.6 19.0 24.5
Water 50.4 37.2 39.1 38.6 40.4 41.9 38.2 42.7 51.5 43.5 64.8 48.4 41.1
Unnaccounted 0 0 3.2 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W Ratio P4/Residue measured % 140 69 111 196 223 104 254 110 87 127 69 172 150.9

X Phase 1 - Water Boil (start - 250F)
Time - Hrs. 4.35 3.33 2.53 2.57 2.92 4.75 3 6.22 5.48 2.58 4
Percentage Time Phase 1 50.4 37.0 36.1 38.8 32.4 24.5 40.0 34.6 38.5 19.8 0.0 41.4 36.7

Y Water Collected Phase 1 lbs 69 98.7 148.6 192.2

Z Phase 2 - P4 Boil (250F - 630 F)
Time - Hrs. 3.12 1.08 2.03 1.75 2.72 2.13 2.43 4.43 1.05 2.37
Percentage Time Phase 2 36.2 12.0 29.0 26.4 30.2 11.0 32.4 24.6 7.4 0.0 0.0 24.5 25.2

AA Water Coll Phase 2 (Vol conv. to P4) 40.5 95.76 88.7 96.3 15.3

BB Phase 3 - RAP Phase (630F - End)
Time - Hrs. 1.16 4.58 2.28 2.3 3.37 12.52 2.07 7.22 7.68 3.3
Percentage Time Phase 3 13.4 50.9 32.6 34.7 37.4 64.5 27.6 40.1 54.0 0.0 0.0 34.1 37.7

CC Water Coll Phase 3 (Vol conv. To P4) 3.6 0.9 11 30.6

DD Total P4 Collected 51.8 44.8 44.1 96.66 142.6 99.7 112.2 96.3 45.9 78.4 0
EE % RAP Vaporized (Estimated) 8.2 0.90% 11.0

FF Residue Collected 36.9 65.4 48.1 47.8 64 99.2 44.1 98.7 64.1 61.8 49.7 47.2

GG Total Material Accounted For lbs. 161.2 243.16 347.5 387.2 110 140.2 49.7 47.2
Total Material Accounted For % 91.4 98.0 99.9 107

HH Total Material Unaccounted For lbs. 15.2 4.84 0.2 -25.2
Total Material Unaccounted For % 8.6 2.0 0.1 -7

JJ AGITATION YES/NO Yes No Yes Yes Yes No Yes Yes No No No Yes

KK Kwh/lb Charged 0.71 0.58 0.53 0.42 0.44 0.58 0.45 0.42 0.58 0.57 0.54 0.50 0.5
LL lbs treated/hr 20.72 19.49 25.20 37.46 38.53 17.92 33.75 20.11 17.37 19.08 25.95 25.75 26.6

Misc Info/Comments: Hi Water Level Actual amt of Complete run P4 Rich Feed Distinct Water Vent Stack Water Coll. Agit set to More H2 Coll in Still temp not rec Con't diff in meas Good Co-relat
Emer Valve residue much dry black inert and Yellow Auto Lite Difficult - >200 0.5 RPM; Ph. 3 than Ph. 2 properly;cannot still temp;used Lab & Mat Bal
Open ~19:00hr greater than lab residue P4 Boils 10:00-06:00 Gal of Makeup Raised to estim times of long probe

analysis with P4 Recovery Water added 2 RPM @ up to 100' P2O5 phases/when run H2O OF fr Ph 1
Top 6" of still correspondingly very efficient run Dirty - 1-1.5" Eductor Probs Still Temp Dur Water Ph. 12:45 plume within 2 hr comp Big Diff in Lab within 30 min (155F)
red/orange crust less water layer of dust Drops fr 521F of startup; reduced Mtl Bal within 4% Anal. Vs amt of

P4 recovered was on Top of P4 to 457 F(84De) Same Mtl as ~21:40 Press to 10' by cutting of Lab Analysis collected P4 Ph 1 Temp Plateau
still opened hot The Phase 3 granular & some at ~18:00-18:10 Test 4 - Hi P4 & Lo Temp N2 & adding 2nd ~15 deg Lower
residue had (RAP phase) dirt contamination Content Charts Bounce Condenser spray Final Hr prod same Very good qual than normal (215)
autocatyltic TR much longer Evidence of Highest self igniting blue P4 coll. 37%
(RAP or than Test #1 first attempt to yellow crust on P4/Residue Still "Burped" P2O5 plume H2O O'Flow with green flame from Recyc Tank Very Diff to Tune
Phosphide) collect water to walls of still Ratio filled lines w within 30' of in 15 min of SU VL & Educ Press

Residue crusted close balance Still Mtl at startup.  At times P2O5 plume from Residue Very 
~6" - 8" deep Odor in Residue Odor in Residue Odor in Residue 13:00 hrs. - dense & >100' Cond H2O pH 3; stack within 1st little smoke;no 2nd Cond Spray

phos acid ring Near end of Recy Tk pH 5; hr. N2 flow @ 30 Flame;little yellow Helped control
around still lid Sign carry over P4 Boil Ph 10:00 am water cfh kept trail @ 3' on walls;no PH3 Recyc temp &
to gasket interface of dust in prod ~630F in Still recycle pump Fine red/yellow mtl or H2S;Non flam System Press

drum Note Temp strainer plugged in recy tank at end PH3 read 1000 ppm or react w H2O
field ignitability Spike on Vap w P4 - pressure of water phase;P4? P2O5 Vapor Tr
& water reactivity Line Temp drop fr 35-18 psi Plug Valve on top Cond pH 2;Rec within 30 min
tests negative & Pressure Vap line self ign fr of still leaking - also Tank pH 1; Adding Cold N2

Spike AT 13:00 Residue still had 18:00 to 19:30; likely on run 9 & to top of Recyc
P4 upon opening ~20:30 light blue possibly 8 (Cause Added 1-2 gpm Tank helped plume

COLOR TEST Nos. Approx Mtl. Wt. Agitation No Odor in flame w small P2O5 of P2O5 plume?) H2O during water
Residue At end of H2O Ph boil phase About 6 hrs into

Table Color Legend: White 1 and 3 175 # Yes agitator backing Still opened little Res - little smoke run fce controller
Green 2 175 # No out of still 1/2 to P2O5 - no flame; no flame 220 F tripped for 42 min
Yellow 4,7 & 12 250 # Yes 3/4" thru packing Temp of res 147; Little yellow color due to faulty TC
Blue 9,10 & 11 250 # No Yellow color in res Did not ignite or TC isolated & 
Tan 5 and 8 350 # Yes Residue smoky; & on still walls; react w water power restored
Orange 6 350 # No PH3 liberated Did not ignite or PH3 read 0.6

No TCLP Test react w water; Slight H2S or S Dust Carryover
Run SD early Strong odor more Odor during agit runs;
Poor Flamy residuelike H2S than PH3 Vap line wash 

Cond pH 4;Recyc water like choc
Tank pH 2 milk

pHs of cond & 
recyc tanks 4 & 2
respectively

KK TCLP Test Results mg/l (Regul'd Level)
Arsenic (5.0) <.50 <.50 <.50 <.05 <.05 <.05 Residue Residue <.5 <.5 <.5 Residue
Barium (100) <.50 <.50 <.50 0.13 0.08 0.06 Contaminated Contaminated <.5 <.5 <.5 Contaminated
Cadmium (1.0) 2.69 0.72 2.03 0.43 1.56 2.53 No TCLP Test No TCLP Test 2.65 1.45 <.5 No TCLP Test
Chromium (5.0) <.50 <.50 <.50 <.05 <.05 0.15 <.5 <.5 <.5
Lead (5.0) 0.66 1.07 1.79 0.83 3.05 3.15 1.31 <.5 1.4 no smoke or fire
Mercury (0.2) <.1 0.11 <.1 <.01 <.01 0.06 <.1 <.1 <.1 on opening still
Selenium (1.0) <.50 <.50 <.50 <.05 <.05 <.05 <.5 <.5 <.5
Silver (5.0) <.50 <.50 <.50 <.05 <.05 <.05 <.5 <.5 <.5 Some red/yellow

on still sidewall
Fail Pass Fail Pass Fail Fail Fail Fail Pass

PH3 & H2S low/
negligible;slight 

TCLP sample "other" odor
cleaner from
matrix interfer. After several days
Did not need  red layer in wall
further dilution crust no longer

RETESTS visible
TCLP Test Results mg/l (Regul'd Level)
Arsenic (5.0) <.05 <.05 Some evidence
Barium (100) <.05 <.05 of P4 (RAP?)
Cadmium (1.0) 1.86 3.06 in residue at 
Chromium (5.0) 0.11 <.01 bottom of agitator
Lead (5.0) 1.12 1.33 ~1/2" very hard
Mercury (0.2) 0.03 0,02 chipped out
Selenium (1.0) <.05 <.05
Silver (5.0) <.05 <.05

Fail Fail



 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.8 Graphs of Raw Data 



Run 1 6/15/2011 Hi‐Temperature Trend Chart
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Run 1 6/15/2011 Lo‐Temperature Trend Chart
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Run 1 6/15/2011 Pressure Trend Chart
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Run 1 6/15/2011 Cumulative Power Trend Chart
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Run 2 6/23/2011 Hi‐Temperature Trend Chart
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Run 2 6/23/2011 Lo‐Temperature Trend Chart
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Run 2 6/23/2011 Pressure Trend Chart
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Run 2 6/23/2011 Cumulative Power Trend Chart
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Run 3 6/28/2011 Hi‐Temperature Trend Chart
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Run 3 6/28/2011 Pressure Trend Chart
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Run 3 6/28/2011 Cumulative Power Trend Chart
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Run 4 6/28/2011 Hi‐Temperature Trend Chart
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Run 4 6/28/2011 Lo‐Temperature Trend Chart

180

Cond O Flow Temp°F Cond Outlet Temp °F

180

Cond O Flow Temp°F Cond Outlet Temp °F

160160

140

120120

100

8080

60

4040

20

0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0

8
:0
6
:5
0

8
:1
1
:0
0

8
:1
5
:1
0

8
:1
9
:2
0

8
:2
3
:3
0

8
:2
7
:4
0

8
:3
1
:5
0

8
:3
6
:0
0

8
:4
0
:1
0

8
:4
4
:2
0

8
:4
8
:3
0

8
:5
2
:4
0

8
:5
6
:5
0

9
:0
1
:0
0

9
:0
5
:1
0

9
:0
9
:2
0

9
:1
3
:3
0

9
:1
7
:4
0

9
:2
1
:5
0

9
:2
6
:0
0

9
:3
0
:1
0

9
:3
4
:2
0

9
:3
8
:3
0

9
:4
2
:4
0

9
:4
6
:5
0

9
:5
1
:0
0

9
:5
5
:1
0

9
:5
9
:2
0

1
0
:0
3
:3
0

1
0
:0
7
:4
0

1
0
:1
1
:5
0

1
0
:1
6
:0
0

1
0
:2
0
:1
0

1
0
:2
4
:2
0

1
0
:2
8
:3
0

1
0
:3
2
:4
0

1
0
:3
6
:5
0

1
0
:4
1
:0
0

1
0
:4
5
:1
0

1
0
:4
9
:2
0

1
0
:5
3
:3
0

1
0
:5
7
:4
0

1
1
:0
1
:5
0

1
1
:0
6
:0
0

1
1
:1
0
:1
0

1
1
:1
4
:2
0

1
1
:1
8
:3
0

1
1
:2
2
:4
0

1
1
:2
6
:5
0

1
1
:3
1
:0
0

1
1
:3
5
:1
0

1
1
:3
9
:2
0

1
1
:4
3
:3
0

1
1
:4
7
:4
0

1
1
:5
1
:5
0

1
1
:5
6
:0
0

1
2
:0
0
:1
0

1
2
:0
4
:2
0

1
2
:0
8
:3
0

1
2
:1
2
:4
0

1
2
:1
6
:5
0

1
2
:2
1
:0
0

1
2
:2
5
:1
0

1
2
:2
9
:2
0

1
2
:3
3
:3
0

1
2
:3
7
:4
0

1
2
:4
1
:5
0

1
2
:4
6
:0
0

1
2
:5
0
:1
0

1
2
:5
4
:2
0

1
2
:5
8
:3
0

1
3
:0
2
:4
0

1
3
:0
6
:5
0

1
3
:1
1
:0
0

1
3
:1
5
:1
0

1
3
:1
9
:2
0

1
3
:2
3
:3
0

1
3
:2
7
:4
0

1
3
:3
1
:5
0

1
3
:3
6
:0
0

1
3
:4
0
:1
0

1
3
:4
4
:2
0

1
3
:4
8
:3
0

1
3
:5
2
:4
0

1
3
:5
6
:5
0

1
4
:0
1
:0
0

1
4
:0
5
:1
0

1
4
:0
9
:2
0

1
4
:1
3
:3
0

1
4
:1
7
:4
0

1
4
:2
1
:5
0

1
4
:2
6
:0
0

1
4
:3
0
:1
0

1
4
:3
4
:2
0

1
4
:3
8
:3
0

1
4
:4
2
:4
0

1
4
:4
6
:5
0

1
4
:5
1
:0
0



Run 4 6/28/2011 Pressure Trend Chart
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Run 4 6/28/2011 Cumulative Power Trend Chart
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Run 5 Hi‐Temperature Trend Chart7/12/2011
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Run 5 Lo‐Temperature Trend Chart7/12/2011
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Run 5 Pressure Trend Chart7/12/2011
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Run 5 Cumulative Power Trend Chart7/12/2011
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Run 6 7/19/2011 Hi‐Temperature Trend Chart
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Run 6 7/19/2011 Lo‐Temperature Trend Chart
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Run 6 7/19/2011 Pressure Trend Chart
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Run 6 7/19/2011 Cumulative Power Trend Chart
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Run 7 7/26/2011 Hi‐Temperature Trend Chart
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Run 7 7/26/2011 Lo‐Temperature Trend Chart
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Run 7 7/26/2011 Pressure Trend Chart
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Run 7 7/26/2011 Cumulative Power Trend Chart
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Run 8 7/28/2011 Cumulative Power Trend Chart

Cumulative kWH

160

Cumulative kWH

140140

120

100100

80

6060

40

2020

0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

5
:2
0

6
:0
0

6
:4
0

7
:2
0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

5
:2
0

6
:0
0

6
:4
0

7
:2
0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

5
:2
0

6
:0
0

6
:4
0

7
:2
0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

5
:2
0

6
:0
0

6
:4
0

7
:2
0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

5
:2
0

6
:0
0

6
:4
0

7
:2
0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

5
:2
0

6
:0
0

6
:4
0

7
:2
0

8
:0
0

8
:4
0

9
:2
0

0
:0
0

0
:4
0

1
:2
0

2
:0
0

2
:4
0

3
:2
0

4
:0
0

4
:4
0

0

7
:0
8
:0
0

7
:1
8
:4
0

7
:2
9
:2
0

7
:4
0
:0
0

7
:5
0
:4
0

8
:0
1
:2
0

8
:1
2
:0
0

8
:2
2
:4
0

8
:3
3
:2
0

8
:4
4
:0
0

8
:5
4
:4
0

9
:0
5
:2
0

9
:1
6
:0
0

9
:2
6
:4
0

9
:3
7
:2
0

9
:4
8
:0
0

9
:5
8
:4
0

1
0
:0
9
:2
0

1
0
:2
0
:0
0

1
0
:3
0
:4
0

1
0
:4
1
:2
0

1
0
:5
2
:0
0

1
1
:0
2
:4
0

1
1
:1
3
:2
0

1
1
:2
4
:0
0

1
1
:3
4
:4
0

1
1
:4
5
:2
0

1
1
:5
6
:0
0

1
2
:0
6
:4
0

1
2
:1
7
:2
0

1
2
:2
8
:0
0

1
2
:3
8
:4
0

1
2
:4
9
:2
0

1
3
:0
0
:0
0

1
3
:1
0
:4
0

1
3
:2
1
:2
0

1
3
:3
2
:0
0

1
3
:4
2
:4
0

1
3
:5
3
:2
0

1
4
:0
4
:0
0

1
4
:1
4
:4
0

1
4
:2
5
:2
0

1
4
:3
6
:0
0

1
4
:4
6
:4
0

1
4
:5
7
:2
0

1
5
:0
8
:0
0

1
5
:1
8
:4
0

1
5
:2
9
:2
0

1
5
:4
0
:0
0

1
5
:5
0
:4
0

1
6
:0
1
:2
0

1
6
:1
2
:0
0

1
6
:2
2
:4
0

1
6
:3
3
:2
0

1
6
:4
4
:0
0

1
6
:5
4
:4
0

1
7
:0
5
:2
0

1
7
:1
6
:0
0

1
7
:2
6
:4
0

1
7
:3
7
:2
0

1
7
:4
8
:0
0

1
7
:5
8
:4
0

1
8
:0
9
:2
0

1
8
:2
0
:0
0

1
8
:3
0
:4
0

1
8
:4
1
:2
0

1
8
:5
2
:0
0

1
9
:0
2
:4
0

1
9
:1
3
:2
0

1
9
:2
4
:0
0

1
9
:3
4
:4
0

1
9
:4
5
:2
0

1
9
:5
6
:0
0

2
0
:0
6
:4
0

2
0
:1
7
:2
0

2
0
:2
8
:0
0

2
0
:3
8
:4
0

2
0
:4
9
:2
0

2
1
:0
0
:0
0

2
1
:1
0
:4
0

2
1
:2
1
:2
0

2
1
:3
2
:0
0

2
1
:4
2
:4
0

2
1
:5
3
:2
0

2
2
:0
4
:0
0

2
2
:1
4
:4
0

2
2
:2
5
:2
0

2
2
:3
6
:0
0

2
2
:4
6
:4
0

2
2
:5
7
:2
0

2
3
:0
8
:0
0

2
3
:1
8
:4
0

2
3
:2
9
:2
0

2
3
:4
0
:0
0

2
3
:5
0
:4
0

2
4
:0
1
:2
0

2
4
:1
2
:0
0

2
4
:2
2
:4
0

2
4
:3
3
:2
0

2
4
:4
4
:0
0

2
4
:5
4
:4
0



Run 9 8/9/2011 Hi‐Temperature Trend Chart

Vapor Line Temp  °F Furnace Temp °F Still Temp °F

1400

Vapor Line Temp  °F Furnace Temp °F Still Temp °F

12001200

10001000

800800

600600

400400

200200

0

3
7
:3
0

4
6
:2
0

5
5
:1
0

0
4
:0
0

1
2
:5
0

2
1
:4
0

3
0
:3
0

3
9
:2
0

4
8
:1
0

5
7
:0
0

0
5
:5
0

1
4
:4
0

2
3
:3
0

3
2
:2
0

4
1
:1
0

5
0
:0
0

5
8
:5
0

0
7
:4
0

1
6
:3
0

2
5
:2
0

3
4
:1
0

4
3
:0
0

5
1
:5
0

0
0
:4
0

0
9
:3
0

1
8
:2
0

2
7
:1
0

3
6
:0
0

4
4
:5
0

5
3
:4
0

0
2
:3
0

1
1
:2
0

2
0
:1
0

2
9
:0
0

3
7
:5
0

4
6
:4
0

5
5
:3
0

0
4
:2
0

1
3
:1
0

2
2
:0
0

3
0
:5
0

3
9
:4
0

4
8
:3
0

5
7
:2
0

0
6
:1
0

1
5
:0
0

2
3
:5
0

3
2
:4
0

4
1
:3
0

5
0
:2
0

5
9
:1
0

0
8
:0
0

1
6
:5
0

2
5
:4
0

3
4
:3
0

4
3
:2
0

5
2
:1
0

0
1
:0
0

0
9
:5
0

1
8
:4
0

2
7
:3
0

3
6
:2
0

4
5
:1
0

5
4
:0
0

0
2
:5
0

1
1
:4
0

2
0
:3
0

2
9
:2
0

3
8
:1
0

4
7
:0
0

5
5
:5
0

0
4
:4
0

1
3
:3
0

2
2
:2
0

3
1
:1
0

4
0
:0
0

4
8
:5
0

5
7
:4
0

0
6
:3
0

1
5
:2
0

2
4
:1
0

3
3
:0
0

4
1
:5
0

5
0
:4
0

5
9
:3
0

0
8
:2
0

1
7
:1
0

2
6
:0
0

3
4
:5
0

4
3
:4
0

5
2
:3
0

0
1
:2
0

1
0
:1
0

1
9
:0
0

2
7
:5
0

3
6
:4
0

4
5
:3
0

5
4
:2
0

0
3
:1
0

1
2
:0
0

0

6
:3
7
:3
0

6
:4
6
:2
0

6
:5
5
:1
0

7
:0
4
:0
0

7
:1
2
:5
0

7
:2
1
:4
0

7
:3
0
:3
0

7
:3
9
:2
0

7
:4
8
:1
0

7
:5
7
:0
0

8
:0
5
:5
0

8
:1
4
:4
0

8
:2
3
:3
0

8
:3
2
:2
0

8
:4
1
:1
0

8
:5
0
:0
0

8
:5
8
:5
0

9
:0
7
:4
0

9
:1
6
:3
0

9
:2
5
:2
0

9
:3
4
:1
0

9
:4
3
:0
0

9
:5
1
:5
0

1
0
:0
0
:4
0

1
0
:0
9
:3
0

1
0
:1
8
:2
0

1
0
:2
7
:1
0

1
0
:3
6
:0
0

1
0
:4
4
:5
0

1
0
:5
3
:4
0

1
1
:0
2
:3
0

1
1
:1
1
:2
0

1
1
:2
0
:1
0

1
1
:2
9
:0
0

1
1
:3
7
:5
0

1
1
:4
6
:4
0

1
1
:5
5
:3
0

1
2
:0
4
:2
0

1
2
:1
3
:1
0

1
2
:2
2
:0
0

1
2
:3
0
:5
0

1
2
:3
9
:4
0

1
2
:4
8
:3
0

1
2
:5
7
:2
0

1
3
:0
6
:1
0

1
3
:1
5
:0
0

1
3
:2
3
:5
0

1
3
:3
2
:4
0

1
3
:4
1
:3
0

1
3
:5
0
:2
0

1
3
:5
9
:1
0

1
4
:0
8
:0
0

1
4
:1
6
:5
0

1
4
:2
5
:4
0

1
4
:3
4
:3
0

1
4
:4
3
:2
0

1
4
:5
2
:1
0

1
5
:0
1
:0
0

1
5
:0
9
:5
0

1
5
:1
8
:4
0

1
5
:2
7
:3
0

1
5
:3
6
:2
0

1
5
:4
5
:1
0

1
5
:5
4
:0
0

1
6
:0
2
:5
0

1
6
:1
1
:4
0

1
6
:2
0
:3
0

1
6
:2
9
:2
0

1
6
:3
8
:1
0

1
6
:4
7
:0
0

1
6
:5
5
:5
0

1
7
:0
4
:4
0

1
7
:1
3
:3
0

1
7
:2
2
:2
0

1
7
:3
1
:1
0

1
7
:4
0
:0
0

1
7
:4
8
:5
0

1
7
:5
7
:4
0

1
8
:0
6
:3
0

1
8
:1
5
:2
0

1
8
:2
4
:1
0

1
8
:3
3
:0
0

1
8
:4
1
:5
0

1
8
:5
0
:4
0

1
8
:5
9
:3
0

1
9
:0
8
:2
0

1
9
:1
7
:1
0

1
9
:2
6
:0
0

1
9
:3
4
:5
0

1
9
:4
3
:4
0

1
9
:5
2
:3
0

2
0
:0
1
:2
0

2
0
:1
0
:1
0

2
0
:1
9
:0
0

2
0
:2
7
:5
0

2
0
:3
6
:4
0

2
0
:4
5
:3
0

2
0
:5
4
:2
0

2
1
:0
3
:1
0

2
1
:1
2
:0
0



Run 9 8/9/2011 Lo‐Temperature Trend Chart
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Run 9 8/9/2011 Cumulative Power Trend Chart
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Run 10 8/16/2011 Hi‐Temperature Trend Chart
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Run 10 8/16/2011 Lo‐Temperature Trend Chart
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Run 10 8/16/2011 Pressure Trend Chart
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Run 10 8/16/2011 Cumulative Power Trend Chart
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Run 11 8/23/2011 Hi‐Temperature Trend Chart
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Run 11 8/23/2011 Lo‐Temperature Trend Chart
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Run 11 8/23/2011 Pressure Trend Chart
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Run 11 8/23/2011 Cumulative Power Trend Chart
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Run 12 8/25/2011 Hi‐Temperature Trend Chart
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Run 12 8/25/2011 Lo‐Temperature Trend Chart
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Run 12 8/25/2011 Pressure Trend Chart
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Run 12 8/25/2011 Cumulative Power Trend Chart
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7.9 HMB Summary Sheets and Analysis Charts 



Run #1 Run #2 Run #3 Run #4 Run #5 Run #6 Run #7 Run #8 Run #9 Run #10 Run #11 Run #12
Variable Units Average Sum

Energy per Run kWh 127.7 102.3 93.6 104.9 153.8 202 113 151 143.65 142.6 136 125.6 133.0 1596.15

Total Heating Time hours 8.75 8.75 7 6.6 9 19.5 7.5 18 14.22 13 9.75 9.67 11.0 131.74

Agitation Yes/No Yes No Yes Yes Yes No Yes Yes No No No Yes

Average Sum % of Total Laboratory Analysis Average
Material as measured from Runs: Charge Weight lbs 178.8 175.4 176.4 248 346.8 347.7 253.1 362 247 248.1 253 249 257.11 3085.3

P4 lbs 51.8 44.8 53.6 93.7 142.6 102.9 112.2 108.6 55.9 78.4 34.5 81.3 80.03 960.3 31.3% 32.6%

Residue lbs 36.9 65.4 48.1 47.8 64 99.2 44.1 98.7 64.1 61.8 49.7 47.2 60.58 727 23.7% 20.8%

Water lbs 90.1 65.2 69 95.76 140.2 145.6 96.8 154.7 127.2 107.9 163.9 120.5 114.74 1376.86 44.9% 46.6%

Average
Ratio from Sums 

Above
Ratio from Laboratory    

Analysis Above
Calculated Variables and Ratios: P4/Residue lb/lb 1.40 0.69 1.11 1.96 2.23 1.04 2.54 1.10 0.87 1.27 0.69 1.72 1.39 1.32 1.563

P4/Time lb/hour 5.92 5.12 7.66 14.20 15.84 5.28 14.96 6.03 3.93 6.03 3.54 8.41 8.08

kWh/P4 kWh/lb 2.47 2.28 1.75 1.12 1.08 1.96 1.01 1.39 2.57 1.82 3.94 1.54 1.91

kWh/Run Charged kWh/lb 0.71 0.58 0.53 0.42 0.44 0.58 0.45 0.42 0.58 0.57 0.54 0.50 0.53

Time/Residue hr/lb 0.24 0.13 0.15 0.14 0.14 0.20 0.17 0.18 0.22 0.21 0.20 0.20 0.18

Average
HMB Variables: Calculated Process Energy Used kWh 49.27 47.86 43.87 55.92 79.92 81.35 58.93 77.75 68.65 60.36 78.64 62.43 63.75

Heat lost to inefficiencies kWh 78.43 54.44 49.73 48.98 73.88 120.65 54.07 73.25 75.00 82.24 57.36 63.17 69.27

Per cent energy inefficiences % 61.4% 53.2% 53.1% 46.7% 48.0% 59.7% 47.8% 48.5% 52.2% 57.7% 42.2% 50.3% 51.7%

Per cent process energy usage as water % 60% 45% 52% 57% 58% 58% 54% 66% 61% 59% 69% 63% 58.7%

HMB SUMMARY ‐ ANALYSIS INFORMATION FOR ALL RUNS ‐ 2011 CAMPAIGN



Run #2 Run #6 Run #9 Run #10 Run #11
Variable Units Average Sum

Energy per Run kWh 102.3 202 143.65 142.6 136 145.3 726.55

Total Heating Time hours 8.75 19.5 14.22 13 9.75 13.0 65.22

Agitation Yes/No No No No No No

Average Sum % of Total Laboratory Analysis Average
Material as measured from Runs: Charge Weight lbs 175.4 347.7 247 248.1 253 254.24 1271.2

P4 lbs 44.8 102.9 55.9 78.4 34.5 63.30 316.5 25.0% 32.6%

Residue lbs 65.4 99.2 64.1 61.8 49.7 68.04 340.2 26.9% 20.8%

Water lbs 65.2 145.6 127.2 107.9 163.9 121.96 609.8 48.1% 46.6%

Average
Ratio from 

Sums Above
Ratio from Laboratory    

Analysis Above
Calculated Variables and Ratios: P4/Residue lb/lb 0.69 1.04 0.87 1.27 0.69 0.91 0.93 1.563

P4/Time lb/hour 5.12 5.28 3.93 6.03 3.54 4.78

kWh/P4 kWh/lb 2.28 1.96 2.57 1.82 3.94 2.52

kWh/Run Charged kWh/lb 0.58 0.58 0.58 0.57 0.54 0.57

Time/Residue hr/lb 0.13 0.20 0.22 0.21 0.20 0.19

Average
HMB Variables: Calculated Process Energy Used kWh 47.86 81.35 68.65 60.36 78.64 67.37

Heat lost to inefficiencies kWh 54.44 120.65 75.00 82.24 57.36 77.94

Per cent energy inefficiences % 53.2% 59.7% 52.2% 57.7% 42.2% 53.0%

Per cent process energy usage as water % 45% 58% 61% 59% 69% 58.6%

HMB SUMMARY ‐ ANALYSIS INFORMATION FOR ALL RUNS ‐ NO AGITATION ‐ 2011 CAMPAIGN



Run #1 Run #3 Run #4 Run #5 Run #7 Run #8 Run #12
Variable Units Average Sum

Energy per Run kWh 127.7 93.6 104.9 153.8 113 151 125.6 124.2 869.6

Total Heating Time hours 8.75 7 6.6 9 7.5 18 9.67 9.5 66.52

Agitation Yes/No Yes Yes Yes Yes Yes Yes Yes

Average Sum % of Total Laboratory Analysis Average
Material as measured from Runs: Charge Weight lbs 178.8 176.4 248 346.8 253.1 362 249 259.16 1814.1

P4 lbs 51.8 53.6 93.7 142.6 112.2 108.6 81.3 91.97 643.8 35.8% 32.6%

Residue lbs 36.9 48.1 47.8 64 44.1 98.7 47.2 55.26 386.8 21.5% 20.8%

Water lbs 90.1 69 95.76 140.2 96.8 154.7 120.5 109.58 767.06 42.7% 46.6%

Average
Ratio from 

Sums Above
Ratio from Laboratory    

Analysis Above
Calculated Variables and Ratios: P4/Residue lb/lb 1.40 1.11 1.96 2.23 2.54 1.10 1.72 1.72 1.66 1.563

P4/Time lb/hour 5.92 7.66 14.20 15.84 14.96 6.03 8.41 10.43

kWh/P4 kWh/lb 2.47 1.75 1.12 1.08 1.01 1.39 1.54 1.48

kWh/Run Charged kWh/lb 0.71 0.53 0.42 0.44 0.45 0.42 0.50 0.50

Time/Residue hr/lb 0.24 0.15 0.14 0.14 0.17 0.18 0.20 0.17

Average
HMB Variables: Calculated Process Energy Used kWh 49.27 43.87 55.92 79.92 58.93 77.75 62.43 61.16

Heat lost to inefficiencies kWh 78.43 49.73 48.98 73.88 54.07 73.25 63.17 63.07

Per cent energy inefficiences % 61.4% 53.1% 46.7% 48.0% 47.8% 48.5% 50.3% 50.8%

Per cent process energy usage as water % 60% 52% 57% 58% 54% 66% 63% 58.7%

HMB SUMMARY ‐ ANALYSIS INFORMATION FOR ALL RUNS ‐ AGITATED ‐ 2011 CAMPAIGN



Run #5 Run #6 Run #8
Variable Units Average Sum

Energy per Run kWh 153.8 202 151 168.9 506.8

Total Heating Time hours 9 19.5 18 15.5 46.5

Agitation Yes/No Yes No Yes

Average Sum % of Total Laboratory Analysis Average
Material as measured from Runs: Charge Weight lbs 346.8 347.7 362 352.17 1056.5

P4 lbs 142.6 102.9 108.6 118.03 354.1 33.5% 32.6%

Residue lbs 64 99.2 98.7 87.30 261.9 24.8% 20.8%

Water lbs 140.2 145.6 154.7 146.83 440.5 41.7% 46.6%

Average
Ratio from 

Sums Above
Ratio from Laboratory    

Analysis Above
Calculated Variables and Ratios: P4/Residue lb/lb 2.23 1.04 1.10 1.46 1.35 1.563

P4/Time lb/hour 15.84 5.28 6.03 9.05

kWh/P4 kWh/lb 1.08 1.96 1.39 1.48

kWh/Run Charged kWh/lb 0.44 0.58 0.42 0.48

Time/Residue hr/lb 0.14 0.20 0.18 0.17

Average
HMB Variables: Calculated Process Energy Used kWh 79.92 81.35 77.75 79.67

Heat lost to inefficiencies kWh 73.88 120.65 73.25 89.26

Per cent energy inefficiences % 48.0% 59.7% 48.5% 52.1%

Per cent process energy usage as water % 58% 58% 66% 60.8%

HMB SUMMARY ‐  ANALYSIS INFORMATION FOR ALL RUNS ‐ 2011 CAMPAIGN



Run #4 Run #7 Run #9 Run #10 Run #11 Run #12
Variable Units Average Sum

Energy per Run kWh 104.9 113 143.65 142.6 136 125.6 127.6 765.75

Total Heating Time hours 6.6 7.5 14.22 13 9.75 9.67 10.1 60.74

Agitation Yes/No Yes Yes No No No Yes

Average Sum % of Total Laboratory Analysis Average
Material as measured from Runs: Charge Weight lbs 248 253.1 247 248.1 253 249 249.70 1498.2

P4 lbs 93.7 112.2 55.9 78.4 34.5 81.3 76.00 456 30.8% 32.6%

Residue lbs 47.8 44.1 64.1 61.8 49.7 47.2 52.45 314.7 21.2% 20.8%

Water lbs 95.76 96.8 127.2 107.9 163.9 120.5 118.68 712.06 48.0% 46.6%

Average
Ratio from 

Sums Above
Ratio from Laboratory    

Analysis Above
Calculated Variables and Ratios: P4/Residue lb/lb 1.96 2.54 0.87 1.27 0.69 1.72 1.51 1.45 1.563

P4/Time lb/hour 14.20 14.96 3.93 6.03 3.54 8.41 8.51

kWh/P4 kWh/lb 1.12 1.01 2.57 1.82 3.94 1.54 2.00

kWh/Run Charged kWh/lb 0.42 0.45 0.58 0.57 0.54 0.50 0.51

Time/Residue hr/lb 0.14 0.17 0.22 0.21 0.20 0.20 0.19

Average
HMB Variables: Calculated Process Energy Used kWh 55.92 58.93 68.65 60.36 78.64 62.43 64.15

Heat lost to inefficiencies kWh 48.98 54.07 75.00 82.24 57.36 63.17 63.47

Per cent energy inefficiences % 46.7% 47.8% 52.2% 57.7% 42.2% 50.3% 49.5%

Per cent process energy usage as water % 57% 54% 61% 59% 69% 63% 60.7%

HMB SUMMARY ‐  ANALYSIS INFORMATION FOR 250# RUNS ‐ 2011 CAMPAIGN



Run #1 Run #2 Run #3
Variable Units Average Sum

Energy per Run kWh 127.7 102.3 93.6 107.9 323.6

Total Heating Time hours 8.75 8.75 7 8.2 24.5

Agitation Yes/No Yes No Yes

Average Sum % of Total Laboratory Analysis Average
Material as measured from Runs: Charge Weight lbs 178.8 175.4 176.4 176.87 530.6

P4 lbs 51.8 44.8 53.6 50.07 150.2 28.6% 32.6%

Residue lbs 36.9 65.4 48.1 50.13 150.4 28.7% 20.8%

Water lbs 90.1 65.2 69 74.77 224.3 42.7% 46.6%

Average
Ratio from 

Sums Above
Ratio from Laboratory    

Analysis Above
Calculated Variables and Ratios: P4/Residue lb/lb 1.40 0.69 1.11 1.07 1.00 1.563

P4/Time lb/hour 5.92 5.12 7.66 6.23

kWh/P4 kWh/lb 2.47 2.28 1.75 2.17

kWh/Run Charged kWh/lb 0.71 0.58 0.53 0.61

Time/Residue hr/lb 0.24 0.13 0.15 0.17

Average
HMB Variables: Calculated Process Energy Used kWh 49.27 47.86 43.87 47.00

Heat lost to inefficiencies kWh 78.43 54.44 49.73 60.87

Per cent energy inefficiences % 61.4% 53.2% 53.1% 55.9%

Per cent process energy usage as water % 60% 45% 52% 52.5%

HMB SUMMARY ‐  ANALYSIS INFORMATION FOR 175# RUNS ‐ 2011 CAMPAIGN
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7.10 Residue Analysis Summary 



Rhodia Phosphorus Recovery Pilot Plant

2011 Residue Summary
Residue 
Collection 

Date

Test   
Number

Drum 

Number
A/B 

Sample
Field 

Flammability 
Test

Field Test for 
PH3 

Generation

EPA 1030 
Ignitability 

Test

Burn Rate Test Residue 
Density

TCLP Sample 
to Lab

TCLP Results Sample Residue 
Disposal Location

6/15/2011 Test 1 12 A Negative Negative Negative Not Reqd. 30.41 6/28/2011 Failed for Cadmium ‐ 2.69 mg/L Clarifer

6/22/2011 Test 2 5 B Negative Negative Negative Not Reqd. 30.76 6/28/2011 Passed all TCLP analysis Clarifer

6/22/2011
Test 2 Re‐

run
5 B Negative Negative Negative Not Reqd. 30.76 7/22/2011 Failed for Cadmium ‐ 1.86 mg/L Clarifer

6/24/2011 Test 3 5 B Negative Negative Negative Not Reqd. 30.76 7/7/2011 Failed for Cadmium ‐ 2.03 mg/L Residue Drum 1

6/24/2011
Test 3 Re‐

run
5 B Negative Negative Negative Not Reqd. 30.76 7/22/2011 Failed for Cadmium ‐ 3.06 mg/L Residue Drum 1

6/29/2011 Test 4 7 A Negative Negative Negative Not Reqd. 31.69 7/7/2011 Passed all TCLP analysis Residue Drum 2

7/13/2011 Test 5 8 A Negative Negative Negative Not Reqd. 34.05 7/22/2011 Failed for Cadmium ‐ 1.86 mg/L Residue Drum 3

7/20/2011 Test 6 10 A Negative Negative Negative Not Reqd. 31.49 7/22/2011 Failed for Cadmium ‐ 2.53 mg/L Residue Drum 4

Test 7 7 A Negative Negative Negative Not Reqd. 33.47 Residue contaminated  ‐ No TCLP Analysis Clarifer

Test 8 11 A Residue contaminated  ‐ No TCLP Analysis Clarifer

8/10/2011 Test 9 1 A Negative Negative Negative Not Reqd. 34.00 8/19/2011 Failed for Cadmium ‐ 2.65 mg/L Clarifier

8/16/2011 Test 10 9 A Negative Negative Negative Not Reqd. 30.87 8/19/2011 Failed for Cadmium ‐ 1.45 mg/L Clarifier

8/24/2011 Test 11 3 A Negative Negative Negative Not Reqd. 30.95 8/19/2011 Passed all TCLP analysis Residue Drum 5

Test 12 2 A Negative Negative Negative Not Reqd. 31.56
Residue contaminated  ‐ No TCLP Analysis

Clarifier

Residue contaminated with RAP.  Unable to obtain samples.



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

8.0  PICTURES 
 



 35

 
General Pilot Plant Arrangement 

 
Trackhoe Sampling the Clarifier 
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Loading the Sample Drum 

 
Loading the Still 
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Loaded Still Ready to be Placed in Furnace 
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Residue in Still after Completed Batch 

 
Recovered P4 
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