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• Principal Investigator: Jerry May- INEEL
• NETL Project Manager: Mike Mosser
• Partners:  Bateman Engineering, Bechtel, Phelps 

Dodge Morenci, Phelps Dodge Miami
• Total Project Cost: $960K

− DOE Share: $367K
− Participant Share: $405K + additional 

$188K
• Project Period: 24 months
• Project Start Date:    March 2002

Alternative Anode Reaction for Copper Electrowinning



Alternative Anode Reaction for Copper Electrowinning



Project Objectives

• Devise an electrolyte inject manifold that will replenish ferrous ions 
at the anode surface without damaging the cathode deposit and 
minimize the pump energy.

• Design anodes to enhance ferrous ions diffusion and maximize 
cell voltage reduction

• Study and recommend alternative reductants to replace SO2
• Devise a process that will produce SO2 from sulfur, react the  SO2 

with ferric ions in copper electrolyte and only emit environmentally 
acceptable amount of So2 to the air.

• Devise a process that will economically extract H2SO4 from 
copper electrolyte and produce H2SO4 stream that approaches a 
concentration of 300 g/l

• Provide an economic evaluation of this process versus 
conventional copper electrowining

• Demonstrate the fully integrated process at large pilot plant scale.



Major Milestones Planned to Date/Status
Planned Milestone Scheduled Completed

− Manifold design/tests 02/28/2003 01/16/2003 
− Anode selection/tests 06/30/2003 01/16/2003 
− Alternative reductants 12/15/2003 03/14/2004
− SO2 regeneration system 12/31/2003 03/31/2004
− The acid recovery system 04/30/2003 05/30/2003
− Economic evaluation 01/31/2004
− Pilot plant testing 12/31/2003 06/30/2003
− Final report 02/29/2004

Milestones and Status



Key Accomplishments

December 2003 – INEEL 
Administration

− Final laboratory data is in and economic evaluation 
is under way.

− Project POP was moved to May 31 to allow time to 
evaluate data before economic modeling is 
completed.



Key Accomplishments

September 2003 – Bateman 
Acid recovery system

− Developed template for Design criteria – 100%
− Prepare operating cost estimate – 100%
− Final report – 100%

September 2003 – Versitech 
Activated Carbon Regeneration

− Preliminary design and economical evaluation of ferrous 
regeneration system – 99%



Key Accomplishments

March 2004 – Bechtel
Economic evaluations

−Technical-economic model established
−Several test runs have been made. Evaluating test 
data

March 2004 – INEEL
Ferrous regeneration system

−Hydrogen gas is most effective in ferric reduction 
reaction
−Availability of hydrogen production on site needs 
more investigation.



Key Accomplishments

September 2003 - Phelps Dodge
Pilot plant testing

− Pilot plant continuous testing completed – 100%
− Estimated energy savings of 50% have been 

realized in pilot plant work.
− Elimination of Acid Mist achieved in test work

March 2004 – Phelps Dodge
Phelps Dodge plans on construction of new 
Alternate Anode Process in 2005



• Principal Investigator: Dr. Daryoush Allaei-QRDC
• NETL Project Manager: Mike Mosser
• Partners:  Albany Research Center, ISPAT Inland Mining, U.S. Steel-

Minntac, S3i
• Total Project Cost: $2,300K

− DOE Share: $1,150K
− Participant Share: $1,037.5K
− Albany Research Center  $   112.5K

• Project Period: 36 months
• Project Start Date:    September 9, 2002

Smart Screening System in 
Taconite Processing



Smart Screening System in 
Taconite Processing

Figure 1 Full Smart Screen System with PZT-based motor

Figure 1 PZT system setup on field-ready supporting structure



Smart Screening System in 
Taconite Processing

Figure 1A Close-up of the full S3 with PZT-based motor

Figure 1A PZT system setup with control box to individually control each motor



Smart Screening System in 
Taconite Processing

Figure 1B Close-up of the full S3 with PZT-based motor

Figure 1B Close view of Smart Motor with conduit wiring



Smart Screening System in 
Taconite Processing

Figure 2 Part description of Smart Screen System with PZT-based motor



Smart Screening System in 
Taconite Processing

Figure 3 Full Scale Prototype of the PZT-based Smart Screen System

Figure 3 PZT system setup for wet test at QRDC lab



Smart Screening System in 
Taconite Processing

Table 1 Performance of the PZT-based S3 under dry and wet conditions
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Smart Screening System in 
Taconite Processing

Figure 4 Experiment setup used to evaluate the longevity of PZT Motors

To date we have 5,000 hours (more than half of a 
year) of continuous run at QRDC laboratory. 

40 lb plate

Resonator 
currently used 
in the Minntac 

Plant 

Mounting block

PZT-based 
Smart Motor 

inside the block



Project Objectives

• To reduce the current energy requirements in fine 
screening operations by at least 75%

• To reduce the maintenance the maintenance cost in the 
screening operations by at least $500,000 per year

• To improve throughput of material by 5% to 10%

• To reduce noise and vibration levels in the screening area 
to that of the background



Major Milestones Planned to Date/Status

Planned Milestone Scheduled Completed

− End-task evaluation of initial design Q3/03          100%
− End-task evaluation of prototype study Q3/03          100%

• Go/No-Go Decision Point Q3/03 Go
− Mid-task evaluation of initial S3 units Q4/0495%
− Summary of evaluation of initial field   Q4/0490%     investigations

• Go/No-Go Decision Point Q4/04
− Summary evaluation of final field                               investigations 

Q2/0545%
− Summary of business development and                         feasibility

Q2/0590%

Milestones and Status



Key Accomplishments -1

• Successfully tested PZT system under dry and wet 
condition in QRDC laboratory.

• Longevity tests of PZT-based Smart Motors have 
shown promising results.

• One full PZT system was developed and ready for 
field installation and evaluations.



Key Accomplishments -2

• 8, 2, 1 units installed in Minntac, Keetac, &
Ispat Inland Plants in Minnesota, respectively. 

• 4 additional units in Keetac Plant in 4/04.
• 2 additional units in Ispat Inland Plant in 4/04. 
• 1 PZT unit will be installed in Minntac or Ispat.

• Commercialization has been successful
• Eleven Magnet-based Smart Screen Units was 

installed in 3 taconite plants in 2003.
• Five additional units to be installed in 4/04.
• One PZT system is on standby for field installation 

& evaluations



Project Recognition – 1
Published in “Rang View” in early 2004



Project Recognition - 2 

• Eriez, one of the leaders in vibrating machines for food and 
chemical plants is negotiating a license to manufacture and sale
Smart Screen Systems.

• Taconite Processing Plants in Michigan have expressed a strong 
interest to purchase smart Screen Systems in 2004.

• Hylsa, a large Mexican steel and mining company, is negotiating 
marketing and sales agreement in Mexico.

• Sales agents are set up in Brazil.

• Has received much attention from related industry in the general
field of vibrating machinery. 



Good News
• 11 magnet-based systems have been sold to mining plants in 

Minnesota. 

• The PZT-based system is ready for field tests in 2004.

• 5 more magnet-based and one PZT-based S3 machines will be 
installed in taconite plants in 2004. 

• Based on the results obtained to date, the magnet-based systems 
have surpassed our expected performance. 

• Estimated annual savings are estimated to exceed $7,000,000 when 
the entire Minntac plant is changed to Smart Screen System.



Good News (continued)

• Based on the full line of Magnet-based Smart Screens (8 
units) in Minntac, the noise/vibration levels are below the 
background levels. No more MSHA citations. 

• Our screen efficiency and weight recovery are expected to be 
higher than conventional systems. 

• Smart Screen is expected to do a much

• Better job in silica improvement. 

• Operators love the S3 machines due to their  simplicity and 
low maintenance.  

• Our energy savings are expected to be met.
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