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High Efficiency Metal Recovery from
Dilute Streams and Mine Drainage

* A high efficiency electrowinning technology thabeomically recovers saleable metals directly frlom
dilute and low-grade liquid streams has been dpesl@ttltron Research & Development Inc.
and is now offered throudgltron Water Systems, LLC.

+ Demonstrated selective metal recovery from low-gréqliid mixed streams.

» Recovery of copper is near 3.6 kWh/lb per poundaniviother metals are accessible.

» Treatment of waste and acid mine drainage is hems $1 per 1000 gallons.

« Valuable metals and metal oxides recovered caetofiserating costs and generate revenue.

» Off-grid operating capabilities and no consumallésw for unattended use in remote locations.

Problem Addressed

Producing metals directly from dilute solvent egtian fluids and dilute
aqueous sources such as process waste and mimagdraiemains
technically difficult and rarely economic. Profita electrowinning
processes typically require metal solution conegiuins greater than™=
1000 mg/L, which represents significant amountsefal resources le
unutilized and potentially an environmental liglyili The profitability of
metal extraction also dictates that only very lange deposits are of

interest to mining production leaving many smatleposits untapped. .
Open pit mining of large ore deposit

Current Approaches

Metal extraction and refining is dominated by aietyr of traditional
heap-leach and flotation methods, newer in-sitwagkibn methods,
chemical reduction, and electrowinning (cathodio)cesses. These
methods are economic at metal concentrations gréngte 1000 mg/L
resulting in the discharge of lower concentratiimnsidreds of mg/L) a
waste. Currently, cementation processes are tlygoooven economic
method for capture of copper from dilute strearng)daves many othe
metals behind for treatment. Many waste treatpetesses are utilize
including lime precipitation, flocculation, filtriain, ion exchange, foa
separation, and engineered wetlands to hame a Téwse treatment methods incur costs, but genecate
revenue themselves.

Copper cathode production

Issues

Low concentration extraction fluids and waste streare typically an unprofitable burde|
to the generator that can pose major environmanthahealth hazards. The economics
traditional extraction and treatment methods arefaeorable for reclamation of lo
concentration metal streams. The result is vatueddources and revenues lost to wasg
The collective cost estimate for treating miningotiiarge, acid mine drainage (AMD) ar
produced waters from metal refining and platingrapens in the U.S. is in excess ¢
$1 million per day. There are an estimated 50098 affected by AMD, many of the
abandoned and remote, representing a large liatalihe taxpayer and the environme Untreated AMD
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Eltron’s Strategy

Eltron is turning these waste streams from ungblé burdens into revenu
and valuable resources. An innovative turn-kegteddytic system to recover a
wide variety of saleable metals and metal-basedymts from dilute aqueous
streams, leaching solutions and AMD is under depralent at Eltron R&D.
This electrowinning technology captures metalsatiyefrom dilute aqueous Electro-
streams (<500 mg/L) efficiently allowing low conteation leaching, refining winning
and mine drainage streams to be utilized or treaigdnet economic profit. System
The system is also capable of selectively remorietals from mixed streams
allowing higher purity products to be recoveretiistechnology is designed t{| Treated
have a broad spectrum of capabilities to removeyrer precious metals)|Pischarge
coinage metals, heavy metals, and highly toxic teetaarticularly lead,
cadmium, and arsenic.

Metals

Eltron’s electrowinning technology addresses néad®ducing capital, operating, and waste treatroests

in a variety of industries including mining, refirg, electronics, automotive, and environmental diaton.

This technology also provides an economically pabfe means to recover saleable metals from aqueous
streams that are otherwise considered waste anaroemental liability. T hiscapability providesaunique
solution to finding low-cost metal sources. The low power requirements of the system allonofff-grid
operation (wind, solar, hydroelectric) which elimias virtually all operating costs.

Eltron’s electrowinning technology is desirableatomumber of mining, refining, specialty chemicatan
environmental remediation service firms. Currgmligations targeted with Eltron’s technology irddLheap-
leach activities, electrorefining, pump-and-tredtaction from tailings ponds, and remote AMD reimédn.
Advantages of Eltron’s metal recovery technologyude the greatest efficiency from aqueous streaitis

low metal concentrations (<1000 mg/L, where conlesial electrowinning is not economic) and is thé/on
electrowinning AMD treatment technology that congsim flow-through system with remote and unattended
operation. A multi-stage system will provide sieyglass flow through treatment of AMD for certairgtt
metals. A 5 gallon per minute (7200 gpd) demotistmasystem based on recent advances in process
efficiency is being tested and scaled up.

Copper Production

Eltron’s teChnOIOQy allows economic r(_acovgry . Copper electrowinning rate comparison between
valuable metals from low-grade and dilute liqu| g0l existing technology and Eltron’s new
streams that are otherwise considered waste. high-efficiency process
toxic waters filling the Berkeley Mine pit in Bute
MT contains about 52 million pounds of copp{< 600+ .
e . . (= ‘o

and 165 million pounds of zinc at its currel& Existing Technology
. . . = .
liquid volume, but at low concentratlor.% "
(172 mg/L Cu and 550 mg/L Zn, pH 2.8%0;). |£ 400- S

- . (] ~
Eltron’s technology is expected tmlectively g ‘v Batch
recover copper in high purity near $0.25/lb | Elvan's New U came food stea
(3.6 kWh/Ib) based on current performance.  |© 2004 |/ Technology .. and electrode area

. - b“\
Product form can be varied depending on t T
; ol -

producer/end user requirements. For examy S e S PR &
copper production the metal can be recovered time (minutes)
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bright cathode copper on a cathode substratecopger flake/particles flushed fro
the system during operation. Copper oxide produatiirectly from the cathodg
copper in the same reactor process is anothernoptio

Selectivity of metal recovery is a key capabilihat has been demonstrated f
copper from solutions containing iron or nickehelexample shown here illustratg
this capability with a batch feed stream containi@0 mg/L iron (c.a. ~5:
Fe":Fe™") and 230 mg/L copper at a pH of 2.3 with sulfatette primary anion
Copper was selectively recovered down to 0.5 mg/L concentration with at least
99.9% purity. In fact, the presence of iron is expected to beraissue for coppe
recovery.

Numerous other metals can also be captured bynEthigh- | 1000~ g —— e =
efficiency electrowinning technology including, fxample, e
nickel, lead, molybdenum and zinc. Eltron’s tedbgg can
also reduce the cost of treating waste with thema! for
offsetting treatment cost by recovery of saleabitais. An
example is the removal of copper from simulated AN
streams where the benchmark target for treatmesttis &1
per 1000 gal. Eltron’s current technology will tp copper
from 200 mg/L concentration to less than 1 mg/Laat

operating cost of approximately $0.30-0.50 per 200 o,

1000 gallons treated. This treatment cost can be offset "~ o Copper
recovery of valuable metals or use of alternativié-rid) el
energy sources. 0 '
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Advantages of Eltron’s high-efficiency electrowinni ng technology :
* Low operating costs (current performance near ®/6/4 copper)
+ No chemical reagents required
* Recovery of high purity metals from low concentatstreams (<500 mg/L)
* Selective metal removal from mixed streams
» Flow through treatment of waste streams with pabfi return on saleable metalg
» Off-grid operating capability for remote locations
* Modular scalability for a variety of applications

Principal Investigator: Wayne E. Buschmann, Phdbief Scientist
Sales: Peter C. Hagan, phagan@peroxegen.com

This material isbased upon work supported by the Small Business Innovation Research program of the U.S
Department of Energy, Grant Number DE-FG02-05ER84328and the U.S. Environmental Protection Agency,
Grant Number 68-D-02-052.
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