STATE OF THE ART
AND
FUTURE DIRECTIONSIN SOLVENT EXTRACTION

PROCEEDINGS OF
THE SECOND INTERNATIONAL
SOLVENT EXTRACTION WORKSHOP 2000

OCT. 10 - 13, 2000
BANFF, ALBERTA, CANADA

Organized and Chaired by Dr. Gordon M. Ritcey
Sponsored by the International Committee for Solvent Extraction (ICSE)
Session Chairmen:
Don Ibana, Curtin University of Technology, Kalgoorlie, W.A., Australia

Bruce Monzyk, Battelle, Columbus, Ohio, United States
J. Dean Thibault, Thibault & Associates Inc, Fredericton, New Brunswick, Canada



CONTENTS

FORW AR D .. e 1
PROGRAM . 3
OPENING REMARKS . . e 5
GENERAL WORKSHOP CONCERNS/RECOMMENDATIONS(1997) ...t 8
CONCERNS FOR DISCUSSION AT SX WORKSHOP'2000 ...........coviiiiinnnnn. 12
WORKSHOP 2000 SUMMARIES . ... e 15

CHEMISTRY GROUP . . . o e 15

CHEMICAL ENGINEERING GROUP .. ... ... e 18

PROCESS DESIGN AND DEVELOPMENT . ... ..o 23
CLOSING REMARKS .. e e 39
ACKNOWLEDGMENTS . .. e 40
LIST OF PARTICIPANT S . o e 41
QUESTIONNAIRE/ COMMENTS . . . .o e e e 46

OBSERVATIONS/ COMMENTS/SUGGESTIONS. . .. ... 48



State of the Art and Future Directionsin Solvent Extraction - 2000 Page 1

FORWARD

The following isa summary of the Solvent Extraction Workshop'2000 which was hdd October 10-13,
2000 in Banff, Alberta, Canada. The Workshop, whichwasthe second suchmesting, was again sponsored
by the Internationad Solvent Extraction Committee (ISEC). The workshop, which was by invitation,
covered al aspects of the solvent extraction process,

This SX Workshop was held 3 years after the initid workshop, and again about haf-way between the
previous I nternationa Solvent ExtractionConference (I SEC)inBarcelona, |SEC” 99, and the next meeting,
inCapetown, South Africa, ISEC * 2002. The purposewasto bring together many of the expertsinsolvent
extraction to identify and to discuss the various problem areasin this unit process. The recommendations
would provide the many researchers throughout the world with good project ideas that could result in
sgnificant reductionsin capital and operating costs of solvent extraction plants. Because of the success of
the firs meeting in 1997 in Banff, boththe technical aspects as well as the venue, it was decided to again
return to Banff in 2000.

Agan, thisworkshop was planned not asthe usud, formd, conference, but instead was styled after the very
successful and informa Gordon Research Conferencesthat have beenhdd inthe USA on various aspects
of chemistry and enginesring.

The lig of possible invited expertsfor suchaworkshop was assembled by membersof ICSE, and if some
have been overlooked, it was not intentiond. 1f the workshop was to be successful, the total attendees
would be limited to about 75.

It was hoped that the invited specidists would recognize that participation would be useful to the solvent
extractioncommunity in generd, aswell as an opportunity to persondly benefit fromthe meetings. Invites
included those from chemigtry, chemicd engineering, process design, engineering contractors, and
operating plants. Asinthe first workshop, it was anticipated that the Solvent Extraction Workshop' 2000
"experts' intheareasof R & D, engineering and gpplications would:

1) citicdly review the individud areas of concern in the consderaion of solvent extraction
from R&D to itsindustrid scale-up to plant processing;

2) provide a closer interaction between chemistry-engineering-process development-plant
design and congtruction then is possible in the usud, large internationd mestings,

3) improve the communication between the R&D scientists and engineers and the engineering
contractors to optimize the design of future solvent extraction operations;
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4) transfer the conclusions of this meeting to ISEC * 99, thus providing some guidanceto  future
R&D and plant design; and,

5) would provide a document for wide circulation amongst practitioners, possibly by publishing in
“Hydrometdlurgy”.

The medtings took place over a4-day period, dthough the first day, Tuesday, wasredly to arrive and meet
each other socidly at areception.

The format comprised an informd technica sesson in the morning, followed by lunch and then break for
the afternoon. This permitted the attendees to vist the area for Sghtseeing, or participate in sporting
activities of thelr choice. Following dinner, the evening sessions commenced.

OnWednesday, the firg part of the morning was devoted to theintroductionof theworkshop, the concerns
asidentified by the first workshop participants, and those numerous items of concern were then prioritized
into smdler ligs for the individud workshop sessons to consder for discussion. The subsequent group
workshops that morning and evening, Thursday and Friday morning dedlt further with the list of concerns
inmoredetall. The workshop closed late Friday afternoon with the summary presentations by the groups
to the total workshop meeting.

Like any technica meeting, there were a number of invites who were unable to attend due to other
commitments, illness prior to the meeting, and also some who were assigned other responsibilitiesin their
respective organizaions. -- dl, which was indeed unfortunate. However, those that did attend were
rewarded, | bdieve, in the useful discussons that resulted with their participation. The venue of the Banff
Centre was perfect, and the sunny days that week in the mountains was glorious.

Gordon M. Ritcey, SX Workshop '2000 Chairman



State of the Art and Future Directionsin Solvent Extraction - 2000 Page 3

PROGRAM

Tues. Oct 10 Check-in a Professond Development Centre (the Main Lodge building)
1500 - 1630 Regidration, Max Bdl Building, Foyer
1700 - 1830 Reception, Max Bdl Building, Foyer
Dinner

Wed Oct 11 0830 Opening Remarks - Max Bell Building (Room 252)

0900 Workshop sessions (Rooms 251, 252, 253)

1030 Bresk - Coffee/ Tea

1100 Workshop sessions

1215- 1330 Lunch - main dining room, Donad Cameron Hall

Afternoon Free

1730- 1900 Dinner

1900 Workshop sessions
2030 Bresk - Coffee/ Tea
2100 Close of sessons
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Thurs Oct 12 0900 Workshop sessions
1030 Bresk - Coffee/ Tea
1100 Workshop sessions
1215-1330 Lunch

Afternoon Free

1730- 1900 Dinner

1900 Workshop sessions
2030 Bresk - Coffee/ Tea
2100 Close of sessons

Fri Oct 13 0900 Workshop sessions
1030 Bresk -Coffee/ Tea
1100 Workshop sessions
1215-1330 Lunch
1330 Wrap-up session

ThisFind Sesson will be hdd immediatdy following lunch, ingteed of in the evening. Thiswill give those
that depart later on Wednesday the opportunity to participate, This session will be devoted to summary
presentations of the individua work groups.

1500 Break
1630 Close of Workshop
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OPENING REMARKS
Dr. Gordon Ritcey

Good morning ladies & gentlemen, and welcome to Banff and the Solvent Extraction Workshop'2000.
| ampleased to see so many old friends, as well as afew otherswho | have met for the firg time, but have
known of them through their contributions to solvent extraction.

Thisisthe second workshop on the integrated aspects of solvent extraction--from the basic studies, in
chemisgtry and chemica enginearing, through processdesign, pilating, and thenengineering and plant design,
scale-up and operation.

The initid workshop, hdd just 3 years ago here at this same venue proved very successful, and the
recommendation at that time by the participants was to hold such workshops periodicaly.

Theinitid workshop in 1997 was under the sponsorship of theInternationd Solvent Extraction Committee,
as is this workshop. The idea was to hold such a "think-tank™ type of meeting mid-way between the
Internationa Solvent Extraction Conferences (ISEC'S) with invited "experts' for the purpose to identify
gaps in the process technology and to determine areas where further R & D would be required in order
to ultimately provide for optimum plant performance in new and existing SX plants.

The Banff venue choice gppeared to have been a good one in 1997, so again Banff was sdected for this
mesting. | hope that for those who are in Banff for the first time, as well as others who have had the
opportunity to vigt before, that you will enjoy the beautiful scenery the area offers. You will have an
opportunity to explore the areain the free afternoons today and tomorrow.

The regigration of about 45 is wdl short of the 73 in the first workshop. This number includes 16
participants that attended the firg workshop. The decrease in regigtration for the second workshop has
been due to a number of invitees who have not been able to participate because of conflict with other
events, together with necessary cancellations by others who had been transferred to other projects, such
as engineering projects, pilot plants or plant start-ups., as well as hedth reasons.

A wide spectrum of expertise and background are here, representing 10 countries. The smdler group may
prove better than a larger group in the discussons. We shal know in a few days! | would hope that
everyone participates in the discussons in order to obtain the most benefits from the vauable interaction
in the workshops.
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Solvent extraction begins as studies and investigations of the fundamentals of chemistry and chemica
engineering, with the objective of transferring the accumul ated scientific data to an applied science, as an
indudrid unit operation for the recovery of many substances. A number of disciplines and stagesin the
application of the data to the subsequent enginesring design and construction will contribute to a cost-
effective operation.

The obj ectives of thisworkshop are smilar to the initid workshop:

1) to addressand critigue the various aress of the SX process, including:
a) fundamenta research in chemigtry & chemica engineering

b) flowsheet development (chemistry, chemicd enginearing, metdlurgy) throughto pilotingto obtain
preliminary design and cost data

C) engineering design, control, plant design and plant congtruction

d) plant operation (problems and solutions)

2) todeterminewherethere aregapsor flawsin our knowledge so that:
a) additiond fundamental research projectswould be identified and carried out;

b) possbly some on-going fundamenta research may be identified as not generdly gpplicable to
improving the processin the long term;

c) identify where improved chemidry, extractants, contactors and control could be developed or
improved to enhance the overall operation and economicsin the process and plant design; and,

d) an improved understanding and communication between chemists-engineers-enginesring
companies will result in improved plant operations, thus reducing the many costly operating
problems of plants.

So how are we to achieve the objectives?
A number of "concerns' wereidentified inthe first workshop. Only afew of those were actudly addressed
in the time available in that workshop. These are cited inthe proceedings of that workshop. Thus we have

abasis and background from which to begin our discussonsin this present workshop.

For thosewho did not attend the first workshop, the workshop is informal and hopefully morelikea "think
tank”, but Hill with some structure.
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Asin thefirst workshop, | have divided the grouping into chemistry, chemica engineering, and process &
plant design and operation. Y ouwill noticethat each of the 3 workshop sessions is comprised of anumber
of spedific items to address--but is not necessarily limited to those subjects. Undoubtedly, many of youwill
have some additiond questions which might be addressed--and this should be encouraged. However, try
to cite those areas for discussion in the appropriate time in the sessions.

Each sesson will require a “facilitator or motivetor” chairperson to maintain continuity throughout the
sessions. Thesepersons are best selected by each group. The actua sessions will therefore be guided from
one subject to the next by the co-chairpersons. In any session a any time there will dways be some with
more experience in that subject area than the others, and would therefore lead the debates and discussion
on that subject. Asin any "think tank™ type of meeting, the questions and answers gradudly will arrive a
a point where the "feading on one another” has provided some rea information and perhaps, even
conclusions.

Of course in this 3-day meeting we can't expect to solve al the problems, or determine al the gaps
requiring further research. But we can continue fromthe firg workshop, and at the same time gain vaugble
information in the subject of interedt.

To achieve the objectives of defining R& D needswe must have some conclusions. So that iswhy thereare
3 chairpersons to ensure that the final conclusions on each subject area of their session are noted.

Asyouare probably wel aware, we meet in the individua workshop sessions today and tomorrow inthe
morning until 12 noon, with a coffee / tea break midway. Following lunch, the afternoon is free for leisure
activities. After dinner, we reconvene a 7 pm and terminate a 9 pm. Again thereis abresk midway.

On Friday, we have the morning sessions but there is no evening sessons. Insteed, thereisan afternoon
on. Inthisplenary, orwrap-up sesson, we meet asatotd group intheauditorium. Representatives
from each of the 3 workshop groups will present a summary to the tota participants of the workshops.

So that isthe mechanismof the workshop. The smal discussion sessonswill take placein2 other meating
rooms, inadditionto this room. The rooms are set-up as classroomdyle and can accommodate from 20-
35 each.

As | only have a genera idea of expressed individud interests, it is difficult to assgn rooms ahead of
schedule. Also, because of the broad interests of many, | will spend afew minutes to review the concerns
expressed by the participants in the first workshop. In addition, | have summarized possible points for
discussion by the 3 groups, based on these concerns, aswell from suggestions from others here and as
aresult of my own observations.
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GENERAL WORKSHOP CONCERNSRECOMMENDATIONS (1997)

The following concerns were identified at the beginning of the 1997 SX Workshop as Concerns where
more information was required. Thislis was used in the Workshop discussions to select topica areas for
the separate discussions. by the smdler groups. Because many of the items listed were not discussed, only
some sdlected by each group, the lis was again used as areference point to the discussions, together with
the conclusions of the SX Workshop '97.

CHEMISTRY

#

what are the man redtrictions on reagents imposed by the plant operations, that is the chemigts
designing the process must be aware of problems that may result from the mineralogy of the ores
or the process variables required.

need a reagent for co extractionat about pH 1.5, so asto diminaethe acid neutrdization. a higher
cost reagent may be acceptable as the meta being recovered is of higher value.

research is required on reagent degradation, the causes and mechanisms occurring.

speciation studies are required on dl solutions throughout the process, not, just the solvent
extraction process, if the plant operations are to be optimized; again this requirestime, particular
expertise and funding. Universties can be an asset in thisarea

understanding the process as regards the fundamenta chemistry levels vs real operation and the
problems, both the organic and the agqueous phases must be considered, as there are changesin
the kinetics, viscosity and physical aspects as loading occurs.

andyses
- frequency of sampling ( on-linevs. off-line)
- modern insdruments vs. old "wet" techniques

is there a better way to treat fouled organics other than by clay trestment, which is expensive as
well aslittle understood as to functiondity and may not aways be completely satisfactory.
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CHEMICAL ENGINEERING

#

#

Desi

requirement for more sophisticated design models of equipment, eg. columns

moddling / Smulaion
* 3 canit help in the plant design?
* b) possble usein the totd plant system

there appears to be alack of data on the thermodynamicsin concentrated solutions, asmost basic
work has been performed and published on dilute solutions, but funding is required.

goplication of columns to metds such as copper--will depend on the kinetics, can the rates be
increased?

Usereal solutions for design; difficult to relate fromone plant to another and so the physical characteristics
as wdl as the chemicd will differ. Also, once the plant is in operation, the performance may differ
compared to the benchand pilot plant data due to perhaps the accumulation of surfactants. Thusthe typica
plant solution should be used.

#

the SX process operation is dynamic and changing continudly in physca and chemica
compositions (including surfactants) during the plant life, compared to the origind process design
based on a datic sampling.

dependence of design on the agqueous media, eg. S0,%, Cl, NH,* asregards reagent degradation,
contactor choice, physica dynamics, fina products, economics, etc.

fundamentds of chloride leaching systems, or other novel systems could be considered.

piloting usudly performed usng mixer settlers, from which datais taken for scae-up; however the
mixer settler used will be quite different in design from the eventud  plant. Very little interest on
other possible contactors, such as columns, where the pilating would be performed on asmilar
engineered design asthefind plant.

piloting should be considered inthe full context of thetotal (metalurgica) flowsheet so that leaching
isredly part of the pilot plant.

interfacing the upstream / downstream compatibility together with the economics and the
environmenta impacts isimportant.
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Operation

#

#

what information is required by the operator in order to operate the process in the mog efficient
manner.

how much data hasto be provided to the design engineers and how long should a pilot plant be
run, and what data are redlly required.

guiddinesare required regarding entrainment (Physical & chemica), the causes and the effect of
tip speed, shear, etc. on organic entrainment as well as agueous entrainment.

there isa need for sensors that are robust to the process.

start-up problems, asseenby the designers, operators, engineers, good partnershipsare necessary
between the engineering company who huilt the plant and the operator regarding the plant
performance. Plants should be designed to be easy to art-up and have easy accessto dl areas
and be "operator friendly”.

linking of 2 SX circuitscan pose different, and often, difficult problems (Mo/Cu, Ni/Co, Co/Cu,
Cuw/U); moreworkisrequired in predictionand design inthe pilot through to plant operations rather
than discover the problem after the plant has been in operation.

do we have dl the necessary plant data and process monitoring requirements throughout the plant
and operation?

reagents conservation should be considered by recycle of waste streams where possible, but
recognizing the role of minor impuritiesand the possible effects on the mechanica aspects (rubber
liners), or of the metalurgy.

andyses of components / impurities / entranment by on-line must be considered; dso indudes
solubility of organic components as well as the degradation of organic components of the solvent
mixture.

sampling, and the concern with integrity of the samples, which can vary over time, etc; redidic
samples are required.

precipitation / crystdlization from either one or both phases can occur during the plant operation,
such asthe basc nicke sulphatesin the ammoniacd systems.
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# diluents/ modifiers effects, not only onthe masstransfer and physical aspects, but aso the effects
of possible additives to the diluent due to possible changes in the legidation (limit addition of
aromatic); no reliable analytical methods exigt.

# revison of design parametersinlight of "recent” knowledge regarding better design of the process;
which are the red parameters?

# organic removal from agueous phases. consder equipment, reagent "cleaning”, and regeneration;
what is the effect on the economics? Better methods have to be devised.

GENERAL

# SX-EW isconddered as "known technology™ by many operators, but not by al the industry.

# communication between different groups (both ways) are required.

# SX isconsidered by the banking society as"exatic’. Together with bad publicity, funding for mgor
projects becomes difficult, as the financid houses do not understand the SX processes.

# SX vs. environment, where SX is percelved as an environmentd risk because of the generd public
understanding and the "green process technology” which would diminate the use of solvents.

# safety/ hedth concerns includethe removal of the word " solvents' fromprocessing. education; and
improved public relations are required. Biodegradability and toxicity must be addressed. Do we
need better methods and equipment for entrainment?

# deficiency of published information (eg.,handbooks) that could address issues, as compared to
maost publications which may be little more than literature reviews--eg., suchasasmall book for
the operators of pilot plants and plants.

# differentia funding (R&D vs. pilat). The research funding is usualy easier to obtain.

# generic funding for research is practised by such as AMIRA (Austraia)., MIRO (UK-Europe),
Copper Research Association (USA), Separation Processes (UK), NRC (Canada), and others
which should be identified.

# consderable information and data are available in the literature, mostly from academia, which
needs to be "trandated to the plants’ so as to be more useful.

# nove gpplications of SX include catadyss and the production of powders with defined sze and

other qudities.
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CONCERNS FOR DISCUSSION AT SX WORKSHOP '2000

Thefollowing areas were sdected as possible topics for discusson in the 3 workshopsin SX Workshop
'2000. Naturdly, in the 3-days available, only certain of the topics were covered, and these are
summarized later in the Proceedings.

CHEMISTRY

FHFHHFHHFHFEFEFERER

Reagents - new and old

Extractants, diluents, modifiers

Tailor-making

Sequential extraction ( 2 separate extractants)

Performance prediction

Synergistic mixtures

Microemulsons/ micdles

Interfacia reactions

Solvent impregnated resins

Reactivity / reagent bresk-down; regeneration / solvent treatment
Sampling and andyses and techniques

Performance rdlative to chemistry of agueous and organic phases (synthetic vsred )

CHEMICAL ENGINEERING

FRHRHFHHHFHHE

Contactors-design, pros-cons
Interfacid phenomena
Dispersion / codescence and phase continuity
Modedling and control of process
Sampling and andyses
Moddling and smulation
Verification on continuous circuit
Contactors/ smulation / drop models
* coalescence, drop break up
» gndl| scde experiments
* pilot scale columns/ mixer setlers
» dow kinetics vs. column choice
Data base
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PROCESS DESIGN AND DEVEL OPMENT

#

TR OHH HHH

FRHERHFHHH

Factorsin design
* agueous medium
* contactor choice
* physicd dynamics
« find products
* environment, economics, etc

Mass transfer And equilibrium data - (kinetics estimation and modelling
Scaling from gtirred vessd / lewis cdll / rising droplet / venturi tube
Physical - chemicdl aspects
» emulsons and cruds
Sulphate /chloride / akaline options
Wadte trestment (mills, plating etc)
» metals and toxic materias
Process Controls
Solvent Losses
Types:
* solubility,
* evgporation,
* cruds,
* entrainment
Recovery methods
Bench-pilot-plant design including research, engineering, contactors
"Rules of thumb " in process design and their relevance
Standardized test procedures
New processes
Trestment of |aterite alkaine leach solutions for Ni-Co recovery
* dternate routes
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PLANT DESIGN / SCALE-UP/PLANT OPERATION

FHEHFHFHHEHEHFEHEREHRHEHR

#

Concernsin scae-up

Bench-pilot data-- engineering to plant

Basic process data information required by engineering & guaranteesto client
Some problems in scale-up to plant

Tech / economic decisonsin design

Digpersion - coaescence - solvent losses and solutions to problems
Problems & solutionsin linking 2 circuits; eg. Ni-Co; Cu-U

Pros - cons of ammoniaca extraction

Pros - cons of chloride extraction

Pros - cons of sulphate extraction and chlorides strip for sequentia extraction eg. Co-Ni
Problemsin large plants; eg Cu, Ni, Co, U

Sampling & andyses, sensing and control (throughout entire plant)
Environment and reagent recycle

Comparison and critique of new laterite Ni plants

Acid

* sequentia recovery of Co and Ni

 Co recovery followed by H2 reduction of Ni

» Co + Ni recovery, HCI sripping and SX of Co

Alkaline
 acid leach and dkaline precipitation of Co + Ni from acid
* leach of precipitate with akali; SX of Ni; acidification of raffinate and SX of Co
« dkalineleach + sulphide precipitation
(re-solution in acid; S of Co - Ni)

The future of SX plants-what are the main areas that require improvement?
€g. design, scale-up, solvent trestment, safety, environment, energy use, CAPEX, OPEX,
etc.



State of the Art and Future Directionsin Solvent Extraction - 2000 Page 15

WORKSHOP '2000 SUMMARIES

CHEMISTRY GROUP
Prepared by Dr. Don Ibana

1.0 REAGENTSAND DILUENTS

# Thereisaneed to understand solvent degradation in plants particularly the effect of NO*, causes
of oxidation, and role of phase modifiers.

# An extensve, coherent review of organic degradation in plant conditions induding underlying
chemidry principles would be useful.

# Apply fundamenta understanding of degradation to design of next generation extractants and
predictive modds of degradation

# There isaneed for sysemsthat permit higher metal loading, better kinetics, better coalescence,
and more sdlective reagents (e.g. for rare earth metas; Co from Mn, Cu, Zn; Zn from Fe).

# Speciation sudies in real solutions, eg. aggregetion, how chemigtry changes with chemical
conditions, would be useful.

# Thereisaneed for areview of solvent losses and regeneration.

# Synergism has some uses.
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2.0

0% #* %

H+

O O # #

CRUD / THIRD-PHASE FORMATION

Identify first stepsin crud formation in plant conditions.

Understand rdletive role of solids, surfactantsand biologicaly derived materidsin crud formation.
Undergtand this phenomenon from operationa point of view.

Develop predictive modes of crud and third-phase formation.

INTERFACIAL PHENOMENA

Kinetics (mechanism, methods, and datainterpretation) remains a controversid topic and a better
understanding is needed.

Explore use of kinetics to enhance sdectivity and improve process/ plant design.

Thereis aneed to understand chemica influences in codescence.

ENVIRONMENTAL

Develop biodegradable / environmentaly benign extractants and diluents.

Develop new methods, i.e. ternatives to incineration, for organic waste treatmen.
Investigate toxicology of extractant / diluent combination.

Improved approaches to solvent recovery (eg supercritica fluid ) would be useful.
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50 NOVEL CONFIGURATIONS
# Nove configurations will not replace SX but may expand capabilities of SX.
# Thereisagrowing importance for techniques with decreasing emission limits

# Electrogtaticdly - asssted SX & membrane - assisted SX may find industria applications in
hydrometdlurgy.

# Other nove techniquessuchassupercriticd fluid (SCF), extractionchromatography, micellar-enhanced
ultrafiltration, ligand-modified MEUF, liquid membranes may find specid gpplications.

6.0 ANALYSISAND MONITORING

A rdliable method of monitoring tota organic content (TOC) is needed.

Understanding the fundamentals of ion transfer in sensors is necessary ..

Develop red-time monitoring for concentrations of phase modifier, extractant concentration, solvent

regeneration, solvent losses (soluble / entrained)
Sensors are needed.

O O # #
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CHEMICAL ENGINEERING GROUP
Prepared by: Dr. Bruce Monzyk

1.0

#
#
#
#

SCOPE OF DISCUSSIONS
Contractors- design consderations
Interfacid Phenomena
Digperson / codescence and phase continuity

Modeling and control of process
sampling and analyses
modding and smulation
verification on continuous circuits

Contactors/ smulation / drop models
(coaescence, drop break-up),
gmd|l scae experiments
pilot scae columns/ mixer-settlers
dow kinetics vs. column choice

Database

thermodynamics — equilibrium congtants, T dependence, diffusivities, partition coefficient
kinetics — chemicd reaction rate constants, mechanisms, temperature effects, by-products,

diffugvities
fluid dynamics
physca properties: viscosties, dendties

impurity and solids formation effects chemica engineering — results (needs)



State of the Art and Future Directionsin Solvent Extraction - 2000 Page 19

20 CHEMICAL ENGINEERING - RESULTS (NEEDYS)

# The 1997 Lis was found to represent an excellent list of needs by the attendees at the 2000 session
aswell

# It was agreed that good physical/chemica mathematica models exist, but are under-utilized

# Needforuser friendy software and graphicsto morerapidly illustrate the vaue of the cal cul ated results
of the modds and to alow more interactive use by those less killed, and / or have less time with
mathemetics and are involved in the physica gpplication end of the technology

# Droplet Size Needs (modds usudly require this as an input parameter)
droplet sSze needs is seen as a stumbling block to use of models
can the need for droplet sze be omitted? — suggested research programs
can drop size be made easier to measure?
can drop Size be cdculated directly, eg. from “firgt principles’
might be able to useanempirica method to determine dropsize once asystemisfound, calibrated
and published — more research project needs. Can such a system be tied into an expert system
so that it can be unique for each use?

# Thesession generated 12 ideas for mass transfer/kinetics work and 16 ideas for design mode work.
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3.0

CHEMICAL ENGINEERING SESSION DETAILS

Design Models

#

#
#
#

H+

0% #* ¥ #

expect that long term work needed for modd improvements
needsto beina form to sdl the work
aventuri tube/ drop riser device was suggested for mass transport measurement
two approaches,
empirica
fundamenta
p|Iot plants have been too large
minimize column diameter
reduces test program cost substantialy
include any recycle loops
do chemistry on asmadl scade, then screen possible equipment types

Mixer-settlers are easy to desgn; other contactors often are more difficult because they must be
designed on sound chemica engineering principles.

Models are dready available, just underutilized

It is often difficult to generate lab data to feed into models (to design pilot plants). eg. drop Szeis
difficult to caculate theoreticdly. Thereforeit may be easier (faster, chegper) to go quickly to asmal
pilot plant (e.g. equipment determines droplet size, esp. for columns).

Hartland method alows comparison of columns

Propose that plants use plant datato “ test” models — another area for research

Need to include solvent degradation into models — area for new research

Mogt modds still need to be tested on afull commercid scde

Models need to be converted to useful software form so they can gain wide spread use
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# However, moddsdill haveaproblemwith low interfacia syssemsor for certain packings (e.g. ceramic
raschig rings). Thisisdueto 1 equation approach (in the Hartland moddl). Solution is to break up
into a set of equations — another research need (in software form for ease of use)

# Need CFD codesin modd software so it can handle two phase flows.
# Thereappearstobeaneed to get ride of droplet size requirement for moddling (dropsize changeswith
chemigtrychanges, column size, columndesign, etc). Thiswould beavery va uable advance—another

research need).

# Thereis a deficiency in genera of the physics and chemistry understanding of droplet formation /
coalescence — more research needs.

# CFD codesdill areincapable of solving problems of >1 drop ! They now use 100x100x 100 el ements.
Need 1000x1000x1000. (Note that 1 element is< 100 nm). — another research need.

# How sheeting / steady state calculations are well known, solved and are used.
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4.0

#

MASSTRANSFER / KINETICSFOR MULTI-COMPONENT SYSTEMS
Current list isagain wel written and agood summary for this section.
Contaminant effects stands alone.

Predictionof crowding amount needed —rates and equilibrium — fractiond extraction gpproach”, i.e.
high purity on both ends of the column, i.e. scrubber cascade cases, e.g. phosphoric acid, sulfolane,
rare earths, with effect of iron loading. The key need hereis for standardized systems.

Caution— physica properties at mid column can be muchdifferent that at the ends. Dengity differences
can go to zero!

Zn-DEHPA is such a standard system but few actua plants exist a a commercia scale. A
requirement to condder for a standard would be a multi-component system, esp. a high
concentrations.

Cuw/Fe separation with oxime extractants is dso a potentid standard system , and the system iswide
spread commercidly. Thereis alot of data available on this system with pure and actua process
sreams. Undergtanding is good and well documented. Thereisabig effect of scrubbing.

Ni/Co separation is another potentid standard system  but is srongly dependent on arting  point.
This sysemismay be “aways off” for being a standard.

Multi-component diffusvity measurements are a problem because the bimoda curve / two phase
region iswide (narrow is desired for precise measurements)

Diffugvities are very time consuming to measure. Therefore very few are available — research need.
Especidly for commercid systems (at high concentration,- outside of Debye-Hucke theory).

Interfacid surfacetension is very difficult to predict, especidly with T and P effects (e.g. liquid CO,
system).
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PROCESS DESIGN AND DEVELOPMENT
Prepared by: J. Dean Thibault, P.Eng.

1.0

PROCESS CONTROL, SAMPLING, ANALYSISAND ON-LINE SENSING

1.1 Organic Monitoring

#

Andyticd methods, used to monitor the effective loading / efficiency of the organic, are not readily
available for operators. In most cases, the degradation of organics by oxidation or “poisons’ in
the pregnant solutionsis not fully understood and is Site specific.

If degradation of the organic is a continuous limitation to the operation of a solvent extraction
circuit, methods to regenerate or remove degradation products are not readily available for
operations. Organic regeneration may be cost prohibitive depending on the cost of organic and /
or metdlurgica performance.

Operators have devel oped unique qudity control measuresto monitor the efficiency of the organic.
Bench scde loading and kinetic data are quantified over the lifetime of the organic. This method
providesagenera indicationof organic degradationbut is not representative of plant performance.

1.2 On-Line Analysis

#

Operatorsareusngon-line andyds sysems to measure meta concentrations in pregnant solutions.
With the use of integrated control systems and measurement of solution flowrates, the optimum
organic loading is controlled. Theactua measurement of metal concentrationsin the organic phase
isan ided control parameter and on-line instrumentsfor organic phase andyticd are not available.

On-ine andyss is generdly not required to operate solvent extraction circuits. However, for
complex extractions where the overdl efficiency is dependent ontight control of processvariables
(suchas pH changesineach stage, phase continuity, specific ionconcentration), specidizedon-line
indrumentation is required.

On-line monitoring of organic concentrations inagueous sreamsisnecessary to prevent carry-over
inhybrid solvent extractionsystems. Most solvent extraction circuitsdo not employ on-lineorganic
andyss and the rdiability of organic monitoring has not been proven.
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1.3 Real Time Analysis

Red time andyssis generdly performed by process engineersin charge of solvent extraction operations.
However, the use of on-line andlys's (continuous monitoring and trending) of andytical parametersiscapital
intensive and may not be accepted by management. The economic offset for continuous on-line andys's
isthe cost of technicians and the reduction in production or product quality.

#

Redl time andyss may be judified as a vauable tool for operations however, in addition to the
hardware, there is a definite need for interpretation of andyticd results. The use of red time
andydssis not consdered a viable operating tool if processing supervisors/ engineersdo not have
time to correlate trends with process efficiency. However, with predictable interpretation of real
time andyss as a function of process variables, real time andyss provides a foundation for the
development of expert system control.

1.4 Control System

# Most solvent extractioncircuits are designed to operatewith smplified control systems. Hydraulic
design of solvent extraction equipment does not require highly integrated control of flow. A
mgority of the control philosophy is based on monitoring; both status of equipment (O/Off) and
andog indication (such as pH, reagent tank levels).

20 PROBLEMSINLARGE PLANTS

2.1 Publications

# Limited informationhas been published on the commissioning and operationof solvent extraction
gystems. Asareault, thereisalimited knowledge base with respect to new plant design.

# Design engineering firms generdly do not follow up on plant operations which require redesign.
Therefore, plants are designed under Smilar practise with genetic design omissons, impacting on
plant metalurgy, avalability, etc.

# Documentation of both design criteria and operating experience has animpact on plant enginesring

expertise. In most cases, engineering firms or equipment vendors retain this expertise to remain
competitive. Asaresult, operating data for plant or equipment instalations are not published.
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2.2 Plant Engineering

#

The engineering of solvent extractionfadilitiesover the last few decades has beenvery competitive.
Engineering firms and operatorsare not willing to accept new technology or technicd risk. Also,
large operations with multi-meta production flowsheets are designed with highly integrated unit
operations whichhave increased the complexity of plant design. In some cases, new technologies
are required to comply with the operating criteria of highly integrated / complex flowsheets.

For large operations, new technologiesor new flowsheets take time to accept. Thereisnot an
incentive for engineering firmsto utilize new technology for plant design, nor are operators willing
to raise the extra capitd required to support technological risk.

The selectionand Szing of solvent extractionequipment isthe major technologica risk of large plant
desgn. The rdiability and performance of solvent extraction circuits are based on scale-up from
pilot programs. In the case of vendor supplied equipment (with speciaized design parameters),
the enginearing firm has limited scale-up know-how and the performance data are not based on
integrated flowsheet-pilot plant testing.  Therefore, the supply of commercialy proven solvent
extraction equipment is the basis for plant performance and guarantees.

In addition to solvent extraction equipment, the selection of materidsfor construction hasamajor
impact on plant cost and engineering practise. In some cases, plants are designed with limited
congderation of materids and replacement costs during commissioning.  There are cost benefits
to assure control of materia selection during design and inddlation.

2.3 Operations

#

Operators of large plants are concerned about the reliability and predictability of solvent extraction
circuits. In mogt cases, the mechanicd reliability is not an issue and control of process chemistry
will depend on operating experience. Large plantsare not considered operator friendly if changes
go undetected or if changes in process variables are made and the impact on process efficiency
remains unknown. The large inventory of organic is generdly lessforgiving in large plants.

The excessive formation of crud has an impact on plant efficiency and operating cost. In some
cases, plantsare not designed to handle the volume of crud, and the loss of organic withcrud has
an impact on the operating cost. Measures to ded with crud on aregular basis are generaly not
avalable to operators. Therefore, crud formation in large quantities has an environmenta impact.
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#

Large plantswithhybrid circuits (both chloridesand sulfates) or morethan one organic system (eg.
aklylphosphate and carboxylic acid) require cost effective unit operations to prevent cross-
contamination. Flotation is generdly used for recovery of resdud organic and the efficiency
remains questionable. Cogt effective organic recovery systems are required to improve on plant
efficency and maintain environmental compliance.

Large plants require extracapital for fire protection systems. Investment and insurance firmshave
set sandards and codes for fire protection systems.

2.4 Novel Process Equipment

#

A mechaniam is required to integrate new or nove process equipment into large plants.
Engineering firms have limited know-how on scale-up of novel process equipment and are
reluctant to guarantee overdl process performance. Under most EPCM contracts, the process
performance guarantee requires proven process equipment.

In some cases, the equipment vendor will run demondtration trids and provide equipment
performanceguarantees. However, engineering firmsrequiredefinitivedesgn dataon scde-upand
performance efficiency under dternative loads; which is generdly not available.

Operating companies need to take the risk with novel process equipment. Equipment vendors
need to ingtal prototype equipment and demonstrate the net benefits to operators. Often, new
equipment is ingtalled and process performance data are not published.

Use of column technology was acknowledged asanove sysem which haslimited ingdlationsin
large plants. It isreported that column ingtdlation costs may be afraction of conventional mixer
settler systems. Itisbeieved that columnsarenot readily accepted and installed because operators
have amind-set that they do not want to bethefirst. The success of column instalations appears
to be with operators who have worked directly with vendors on pilot scae development through
to commercid inddlation.
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3.0

BENCH SCALE AND PILOT TESTING

3.1 General Requirements/ Scope

#

The amount of testing required for flowsheet development and the Szing of the solvent extraction
equipment will depend on the relaive design experience. Some engineering firms have desgned
various copper circuits and very little pilot testing is required. However, limited information is
avalable on metals such asindium, antimony, etc. and extensive piloting may be required. The
extent of the pilot program or work scope will depend on the specific metal and matrix of the
feedstock.

For commercia development of asolvent extraction flowshest, “ cogt-effective teting” is dways
arequirement. Thereisan optimum baance of technica risk, schedule and cost. The redity of
test programsisthe limited time and budget for flowsheet development.

The avallahility of feedstock may dso limit the scope of atest program. With large changesin the
feedstock compogtion (resulting from alarge variation in ore or the purchase of feedstock from
dternaive sources), the objectives of the program need to addressthe primary reason for testing.

The proficiency of the test program is based highly onthe communication between the engineering
firm and the test facility. Inmost cases, the enginearing firm is not directly involved with day-to-
day test objectives. Test standards or protocols are difficult to establishbecause each project has
different objectives. To improve on technology transfer, direct supervison of test programs is
required by engineering firms.

3.2 Testing Approach

#

Bench scde test programs are generdly designed to assess organic selectivity as a function of
process variables such as acidity, temperature, chloride concentrations, etc. Based on the
assessment of selectivity, additiond bench scae testing may be conducted to quantify organic
loading, isotherm / equilibrium data, reaction and disengagement rates.

Rlot testing or continuous flow of the organic and agueous phase is conducted to confirm
chemistry, number of stages and effects of recycle.

Alterndtive flowsheet configurations are generally tested to confirm stage integration, effects of
organic / agueous ratios, phase continuity, etc. Tedts are completed to assure a stabilized
flowshest.
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#

#

Equipment specific tests are conducted with optiona contactor-phase separation equipment.
Parameters for scale-up are generaly defined as a function of equipment performance.

Depending on the degree of technical risk, atest program may include a detailed assessment of
independent variadbles and the relative impact on flowsheet efficiency or product qudity.
Independent variables which are consdered important to maintaining operations include the
fallowing:

? formation of crud and assessment of chemicd / physica parameters which influence
crud formation.

? use of water which represents process water and / or recycle of water possibly with
humic acids, etc.

? solution doping with contaminants or poisons which may build-up within the circuit.

3.3 Duration and Size of Pilot Testing

#

The scope of work for a pilot program is generdly limited by the availability of feedstock and
budget. Operators favour the operation of pilot systems to assess the impact of feedstock
variability on process parameters; inadditionto scale-up parameters. Therefore, detailed planning
of pilot programs are evident with close scrutiny of objectives.

The sze of the pilot systemfor the design of commercid fadilities is determined by the availability
of equipment and design experience at the test facility. Asagenerd rule, sysems sized for 1.0to
10.0 I/min agueous flow are used to assess process chemidry, confirm number of stages and
overal sHectivity. Design dataused to scale-up process equipment requires pilot equipment sized
for 20 to 40 I/min agueous flow.

The technicd viability of aflowsheet will depend on organic selection and dependent variables.
Theseparametersare generdly quantified by bench scale tests prior to pilot programs. Subsequent
pilot test programs will include an assessment of the organics reliability as a function of “organic
cycdes’. The duraion and size of the pilot sysem will dictate the number of organic cycles,
generdly ranging from 20 to 400.
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3.4 Physical Parameters

#

#

#

Filottestsareconducted on prototype solvent extraction equipment to quantify physica parameters
such as reaction kingtics as afunction of mixing intengty, resdence time digtribution and liquid
/ liquid separation (disengagement) rates.

Equipment vendors have test protocol s whichareeguipment specific. Scale-up of equipment from
these protocols are considered proprietary to the vendor and are used to develop performance
guarantess.

Materids of congtruction are dso confirmed with prototype testing.

3.5 Computer Models

#

Computer modelsareavalable for prediction of performance asafunction of process parameters.
Although computer modes do not accurately predict masstransfer, drop Sze distribution, etc., the
modds are generdly useful to screen variables. Filot plant data are required to confirm model
predictions.

The fundamenta problem with computer modds is that varigble input is based on clean / idedl
solutions. It is recognized that there is a need for improved correlation for rea solutions to
amulated in-plant systems.

There is a demand for computer models to assist with desgn and operations. However,
commercidly avalable modds for tallor design flowsheets are not readily avalable. General
requirements for models include:

? in-plant optimization - generd trends of process variables.

? assessment of off-design conditions to Simulate process upsets.
? operator training.

?? evolution of expert system control.
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4.0

TECHNICAL / ECONOMIC DECISIONSIN DESIGN

4.1 Design Criteria

#

Pilot programs are conducted to quantify process variables, which are generdly frozen asthe
desgn criteria for commercid desgn of the solvent extraction facility. Changes to design
parameters such as feedstock composition, product specifications and environment compliance,
will have animpact onthe optimum selection of processvariables. Therefore, the efficiency of the
design is dependent on the qudification of design parameters and process variables.

The design criteria provides a mechanism to transfer data from testing / pilot plant programs to
commercid design. Therefore, test fadilities aswell as engineering firms should provide input to
the design criteria. To improve on design data transfer through the various stages of process
development, the process design criteria should define anintegrated flowsheet (rather than solvent
extraction as a stand done unit operation) based on the following factors.

A) Characterization of feedstock; induding the variation of impurities and the subsequent
impact on unit operations (both upstream and downstream to solvent extraction).

B) Characterization of process water which best represents commercia operations. In
some cases, the quality of recycle water has an impact on organic management.

C) ldentification of dl process variables which impact on selectivity, throughput, meta
recovery/ purity, etc. (ie: variableshaving animpact on the technical and economic viability
of the integrated flowsheet) should be identified by both design and test facility engineers
prior to pilot testing. Thetest program should be defined to quantify the process variables
and is documented by both design and test facility teams.

D) Characterization of solid, liquid and gas streams, which may have an impact on the
environment. Environmentd, Hedlth / Safety and Regulatory standards should be defined
and factors which impact on environmenta compliance should be identified.

E) Quantify product specifications (as well as feedstock compositions whichmay have an
impact on product specifications).

F) Quantify materids of construction for each process stream.
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4.2 Equipment and Capital Costs

#

Capitd cost requirements are generdly based on solvent extraction equipment as a“ stand aone’
unit operation. Thereisaneed to consder capital cost as a fully integrated flowshest; to include
consderations for solids remova, organic loss/ inventory, qudity of weter, etc.

Clarificationof solvent extractionfeed solutions was identified as a high capital investment relative
tosolvent extraction equipment. In most cases, lessthan 20 ppm total suspended solidsisrequired
to mantain solvent extraction operations (preventing crud formation, solids sand out in settlers,
etc.). Desgnof solvent extraction sysems cgpable of handling solidsand dimination of clarification
equipment requires further review.

Theinitid charge for organic (organic inventory) isamajor start-up expenditure and operatorsare
wel aware of replacement costsin the event of contamination / poisoned organic. Measures to
reduce organic inventory or optimize on the settler volume remains a concern to operators.

Compliance with environmenta regulaions has increased capital costs for recovery of entrained
organic in agueous streams and in vapour phase.

Solvent extractioncircuitsoperating at e evated temperatures or with high chloride contentsrequire
specidized materids of congruction, increasing the cost of equipment.

Impurities  having non-sdective characteridtics in the primary solvent extraction circuit are
separated by the addition of a secondary solvent extraction circuit or dternative separation unit
operations (such asion exchange). In additionto the extra cost for impurity selective separation,
additiona process equipment is required to prevent organic carryover or cross contamination.

4.3 Operating Costs

#

The loss of organic by entrainment or formation of crud was identified as a mgjor operating cost.
Conventiona recovery methods and measures to reduce organic oxidation are not considered
effective. Coststo maintain the organic inventory are considered significant by operators.

Cost efective methods to treat the organic for reuse have not been established a most
operations. The organic loss may result from oxidation-degradation of the extractant and / or
entrainment with reagents in process water (such as surfactants). In some cases, clay treatment
will not work. Clay separation is alow-cost dternative but the life of clay islimited. Inthe case
of high oxidation degradation of the extractant, clay consumptionand therelated disposal costsare

high.
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50 ENVIRONMENT, REAGENT RECOVERY AND WASTE TREATMENT
5.1 Organic L oss Assessment

# A detailed breakdown of organic losswas hot available for discusson. Ingeneral, most operators
do not have informationor detailed accounting of organic loss. 1t has been estimated that the loss
of organic from copper circuits is defined as follows:

? 50% of tota organic losshy entrainment in agueous phase (loss to environment and or
downstream unit operations).

? 25% of total organic lossby evaporation in off-gas systems; usudly to the atmosphere
or to off-gas scrubber systems.

? 25% of total organic lossto crud; which is recovered and disposed of withina landfill.

# Organic loss by evaporation may be higher in high temperature circuits and there is a need to
improve on off-gas monitoring and accountability of organic loss. 1n some cases, theorganic loss
resultsin high mist carryover in ventilaion systems.

# Operator wash-down to sumps accounts for high organic loss, which may be controlled by the
operating daff. In most cases, the design of sump systems does not include oil skimming or
recovery unit operationsto reclaim the organic.

# Organic loss by crud formetion is attributed to alimited understanding of process chemistry and
preventative measures. The direct cause for crud formation will vary with each ingtdlation.
Therefore, standard preventative measures are not prevaent and each case is unique.
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5.2 Organic Recovery Options

# Novel technologies for organic recovery have not been recognized. The standard methods of
organic recovery for new solvent extraction ingtdlations were identified as follows.

A) Primary Recovery: dternative desgn of settlers to increase settling area and
optimization of coaescence rates.

B) Secondary Recovery: use of “after-settlers’ and washing of agueous streams with
diluent. For high organic loadings, flotation columns are commonly used.

C) Tertiary Recovery: use of coadescers and carbon bed filters. Steam strip or carbon
regeneration (usng methanol) on site is not common.  Operators comment that carbon
columns are satisfactory but require close monitoring of breskthrough.

# To reduce volatile organic carbon, closed systems are required with off-gas and ventilation
scrubber systems. Petrochemica industries have devel oped unit operations; which may be suitable
for volatile loss.

# Bentonite days are commonly used for crud treatment. Alternative methodssuch as biotreatment
have not been commercidized for solvent extraction gpplications.

# Membrane systems are under development using hydrophobic tube membrane filters to replace
secondary and tertiary recovery systems. Although these units are not ingtdled in commercid
solvent extraction systems, pilot systems have indicated the following advantages.

A) Inexcess of 99% removal of entrained organic on acontinuous basis. Thereisno need
for continuous backwash and monitoring of breskthrough.

B) Organic isauitable for reuse. The use of reagents or subsequent disposa of mediais
not required.

C) High remova efficency is required for hybrid organic sysems and operation of
eectrowinning cells. The use of hydrogen peroxide to destroy residual organic is not
required.
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6.0 MULTIPLE SOLVENT EXTRACTION CIRCUITS

6.1 Linking of Two or more Organic Circuits

#

To avoid cross contamination of two or more solvent extraction circuits with non-compatible
extractants, a diluent wash on the raffinate is required. To mantain operations using a diluent
wash, close monitoring of the extractant and diluent mass balance is required.

Scrubbing of theloaded strip solution with fresh organic isrequired to prevent organic carry over
innickd circuits. Columns have been successtully piloted using afixed bed of diluent for scrubbing
operations.

In nicke circuits, the use of certain activated carbonmay remove nickel. Jameson flotation cells
have been used to recover organic concentrations up to 0.2%. The overdl eficiency of flotation
was not discussed but is consdered the best available technology for commercid ingalations.

6.2 Ammonium, Sulfate and Chloride Systems

# Hybrid sysems are commonly used to improve on sdectivity and a limited number of hybrid
solvent extractioncircuitsare used commercidly. The efficiency of these circuits is dependent on
the degree of washing between stages.

# Inadditionto carry-over, materids of congtructionand competibility issues requireclosescrutiny.
Dedgn of the entire drcuit for compatibility in the event of carry over has significant cost
implications.

7.0 EDUCATION OF OPERATORS AND PROCESS ENGINEERS

7.1 Literature

# For junior and experienced engineers, there isalack of publications, text books, etc. on thedesign

and operation of solvent extractionfadilities. A sgnificant amount of literature has been published
on copper solvent extraction operations and genera design data. Variousengineering firmshave
developed design experience and know-how on copper solvent extractioncircuits. However, the
transfer of copper solvent extractiondesign for use on other metalsis not applicable. A need for
design and operating practise documentation for different plants is required to improve on plant

efficency.
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#

There is agenera consensusthat innovative desgnsor nove equipment used in solvent extraction
circuitsis not documented. Novel equipment isintroduced in various publicationsbut detailed data
on chemica-mechanica performance efficiency is not readily avallable. Advantages of nove
concepts are not documented to spur the interest of both designers and operators.

7.2 Training Medium

#

8.0

Computer models are congdered to be an excellent training tool for both operators and process
engineers. Models are aso used to review dternative flowsheet configurations. Process
gmulaion modds for hydrometalurgical and solvent extraction plants are presently not used
because of limited availability for tailored flowshests.

Sdf-training software is available, or has been developed at various operations for self-pace
training of operators. Thistraining program has been integrated with pay schedules (based on the
level of competency) and is considered successful.

FUTURE OF SOLVENT EXTRACTION PLANT DESIGN AND OPERATION

8.1 Expert Systems

#

Solvent extraction operations are considered fairly stable. However, the efficiency of separation
may be optimized with use of an expert systlem (combination of computer modelling of process
variablesand process contral). Inthe case of complex oreswhere the metalurgy is not monitored
on a continuous bag's, expert systems are definitely arequirement for optimum plant efficiency.

Expert sysems are not commonly used for hydrometdlurgicd operaions and have limited
commercid experience. The technicd viability of expert system control of solvent extraction
circuitsis based on the following:

? online andysis and the ability to monitor the concentration of various components
(anions and cations) within the pregnant leach solution and various intermediate streams.

? prior to development of computer models, the impact of process variables on the
efficiency of the plant should be quantified and scae-up from bench scde to plant data
quantified.

? onlargecircuits with large holding capacities, “lag times’ need to be determined for
advanced control of a change in process conditions.

? maturity of computer model development with respect to simulation of the solvent
extraction circuit.
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2 flow control which may not be possible with some systems designed to operate with
dynamic hydraulics of the layout and mixer / pump configuration.

? operations experience with changes in process loads, trending of data, etc. and
understanding of process control philosophy.

The development of expert systemsislimited asaresult of “miningindusry” mentdity. Operations
generdly are lean on insrumentation or automation control is eiminated at the desgn stage.
Generd reasons for management rejection of expert systems includes:

? process design and operating disciplines have not quantified the economics or jutified
improved return on investmen.

? product quality control issues are not generdly focussed on problems with solvent
extraction.

? design engineers and/or equipment vendors have limited information to recommend or
attempt to include expert sysems as anintegrd part of a performance guarantee.

8.2 Analytical / Speciation Analysis

#

Identification of species which impact on the overdl efficiency of solvent extraction circuits is a
common problem to solvent extraction operators. Contaminants such as chromium, iron and
asenic have different oxidation states and accurate  methods are not available to operators.
Centres of excdlence, such as universties with long turnaround time, are generaly required.
Therefore, andytica techniques are required; not only to identify specific species but to assst
operators with plant control.

Thereisdso alimited understanding of solution chemistry and control of specieshaving adirect
impact on solvent extraction efficiency. Solution characteristics such as Eh-pH relationships will
control species and this relationship is generaly not defined. Development of techniques to
“modify and condition” agqueous solutions prior to Solvent extractionisrecognized as a concept to
improve on solvent extraction efficiency.
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8.3 Environmental | ssues

#

The use of solvent extraction for refining of specific metals has prevailed over pyrometdlurgica
techniques because of environmenta issues. However, the environmenta impact of solvent
extraction is dependent on control of heavy metals and wastewater management. Technological
improvements are required to maintain a closed-loop process water system and fixation of heavy
metals.

Compliance withenvironmenta guiddineshasan influence on the design or modifications to solvent
extractionplants. The need to comply with hazardous waste protocol s has a so increased demand
for the treatment of waste residues using solvent extraction methods.

Trends in solvent extraction design based on compliance with environmenta protocols, include:

? multi-circuit design has evolved for multi product circuits. Production has also evolved
to recover metals from feedstock to eiminate environmenta impact. Economics of
environment impact are justification for by-product metal recovery.

? add-on solvent extraction circuits are under development for the treatment of smelter
residues and furnace dust.

For multi-metd separation (as required for the treatment of waste streams), there is a need to
integrate ion exchange and solvent extraction technologies to improve on sdectivity of the
flowsheet. Development of highly integrated flowsheets is required to improve on commercia
viability of waste stream recovery systems.

84 Columns

#

Vaious companies have developed and commercidly operated columns in pharmaceutical and
organic chemicd indugtries. Thelimited commercid experience using columnsfor metal separation
is aresult of limited documentation of commercid advantages. 1n some cases (high masstransfer
or high solution flow), the use of a mixer settler is consdered an advantage over columns.
However, generd advantages of column technology were noted as follows:

? operating and capital cost for complete ingalation may be up to 50% of conventiona
mixer settler systems.

? columns may eiminate the need for optimum darification of leach solutions.

? crud may be easier to ded with.
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? columns may be more efficient relaive to overdl separation, when more than three
stages are required.

“? reduction in solvent inventory; high phases ratios are possible without recycle of the
minor phase.

? cgpabiility to control pH aong the column.

? ease for operation at elevated temperatures.

? easeto add on stages.

? lower maintenance with respect to mechanicd parts.

? sysem hydraulics (pumping) and mixing are not integrated.

? entrainment in columns may be dightly less and coalescers may be integrated with
column operation.

# Application of column technology in the uranium industry has been commercid for over twenty
years. Generd operating and design experience in the more recent column ingtalations are
summarized as.

? flowsheets need to be frozen and well defined before entering column test programs.

? pilot development is generdly done using 100 mm diameter columns. Dataare used
for scale-up to 2.5 m diameter columns.

2 pilot unitsare required for training of operators and continuous monitoring of operation.

# Extended test programs are reported in progress for optimum nickel-cobalt separation.
Optimum column selection, mixing requirements and cgpacity of columns are under review.
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CLOSING REMARKS

Following the presentation of the conclusons from each of the 3 work groups, there was a discusson as
to what had been achieved., and what should be considered for future meetings.

One of the griking pointswasthe somewhat Smilar conclusons inseverd areas of concernthat dl 3 groups
werein agreement. Also, the underdanding and gppreciation by the Chemica Engineering group of the
concerns pertaining to process and plant design, saw the former group join the latter group early in the
Workshop. Applications of the chemica enginesring to the process desgn and equipment selection are
necessary in regard to plant design and optimum operation.

Inrelationto the next such Workshop, we should go to aGordon Conference style, that is have one group
with perhaps one plenary lecture or presentation to lead off each sesson into a particular area.

Weneedtoidentify prioritiesonissuesthat are devel oped. Sharing of dataisa problem, particularly falures
and some mechanism of facilitating this could be developed.

There was a discussion on a consortium for research across the solvent extraction community of the
AMIRA/Mintek type.

We need to devel op further the solvent extractionwebsite and link it to existing websites maintained by the
Univerdties of Bradford and Osaka. (This is an area in which the Internationd Solvent Extraction
Committee should be involved, and will be consdered by that committee).

There was some discussion as to whether a Fractionation Research Ingtitute or a Separation Process
Science Group or smilar organization would be effective in the solvent extraction area.
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QUESTIONNAIRE / COMMENTS

The following are ratings and comments as received from the questionnaire. Note that because the
guestionnaire was not di stributed until the wrap-up session, dl commentswere not received due to the early
departure of many due to travel arrangements. Thus the numbers shown represent only about 60% of the

participants.

RATING OF WORKSHOP RELATIVETO MY REQUIREMENTS
%

Usgful and informeative 89
Interesting 11
Wadte of time 0

PARTICIPATION IN DISCUSSIONS

| participated frequently in the discussons 43
| participated occasondly in the discussons 52
| participated very little in the discussons 5

WOULD YOU ATTEND A SUBSEQUENT WORKSHOP?
No 7 Yes 93

WORKSHOP PROGRAM AND FORMAT
| like the idea of evening sessions with the afternoon free 100

| prefer to have the evenings free 0

| think the duration of the workshop was:

Suiteble 96
Too long 0
Too short 4

MY IDEAL NUMBER FOR SUCH A WORKSHOP
<50 50 75 85 100
% 6 25 39 6 24
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CONTENT OF WORKSHOP

Are keynote papers required?
No  Uncertan Y es (few sdlected)
% 4 12 84
The areas discussed were necessary 98
VENUE AND FACILITIES
EXCELLENT GOOD
WORKSHOPS 35 65
Meds 70 30
Recresation 80 20
Location 83 17
ACCOMMODATION 45 55
MEALS
For such a group, the medls buffet package was idedl 92
| would prefer to plan and order my meds 8
Do you think a specia dinner isrequired? Yes 5
No 95
Was the reception adequate : In length Yes
In content Yes

SOCIAL ACTIVITIES

In afuture workshop | would:

g

100
100

- be interested in planned activities (eg. tours, hiking, fishing, rafting, etc)

30

- not be interested in planned activities, but would prefer
to organize my own activities 70
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OBSERVATIONS/ COMMENTS/ SUGGESTIONS

The fallowing commentswere provided by the participants, and should be cons dered when organizing the

next event.

GENERAL

# an excellent workshop

# the workshop was informative and the possibility for networking was of great vaue

# the workshop was an excdlent way of establishing contacts and exchanging information

# the bringing together of dl aspects of the technology was particularly va uable and will hdp maintain
efforts focussed, eg. on precious resources

# the meeting is a good opportunity to learn from other SX experts, primarily in separation fidds
different than my own. It is aso a good opportunity to learnabout opportunitiesfor new research
or industry needs and develop new contacts.

# many thanks for organizing such a great event

PUBLICITY OF WORKSHOP

# publicize the workshop more extensively to boost attendance

VENUE

# the location and duration of the workshop was idedl

# Banff isamarveous location for such amesting. Undoubtedly however, Canadahasa number of
equaly marvelous dternative locations. Perhaps future meetings could be held in one of those
locations, for example, Quebec City, east coast / west coast

# Banff isanexcdlent Ste. However, next timeit could be hdd e sawherein Canada, but, like Banff,

far from acity
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RECEPTION

#

asseverd participantsarrived late (after the Reception had closed), perhaps the receptionshould
be held at alater hour

SPECIAL DINNER

#

#

it may be good idea to have a specia dinner, included in the regigtration fee

apecid dinner could foster some additiond interaction amongst the participants

WORKSHOP AND FORMAT

#

O O # #

the workshop format wasimproved over that of 1997 (lessformd, smdler, and no keynote papers

the format was suitable and the separation into chemigtry, chemicd enginering, and design /
operations was understandable, and necessary at this stage
the participation in the workshop discussions was better than in 1997 meeting.

prior to the find sessionit would be hel pful to have one or two additional opportunitiesto bring the
whole group together.

perhaps a dightly more structured format would be more suitable, a format that instigates redl
issues, debates and approaches for further devel opment.

operate a little more closdy to a Gordon Conference format with provocative, cutting edge
speakers—perhaps 1 per session.

the list of topics should have beendigtributed to dl participants prior to the first sesson to facilitate
prioritizing of the subjects for discusson.

inthe chemistry group, a couple of discussionitems were chosenwhichinfact did not interest more
than 2-3 participants. We should have a mechanism to avoid that.

the meeting has nowreacheda point where we need to focus better, and concentrate on 2- 3 topics
for each meeting, and then zero in on wha we want in those areas, and producing
recommendations for those involved in process devel opment and plant design.
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#

require a better mechanism to transfer the results and areas which require further R& D to those
that can work on the problems, perhaps through the International Committee, or through setting
up astrong group, or through the involvement of nationa agencies, eg. MITEC, MIRO, AMIRA,
€tc.

perhaps spread throughout the schedule, time for individuals to make brief (5-10 minutes)
presentations of current problems and approaches to solutions.

less focus on requirements for academic research.
presentation of specific problems.

for presentations / reporting use pc / lgptop directly to smplify presentations.

PARTICIPANTS

# more plant operations personnd at the meetingwould have been beneficid as they could express
their views on where research could be directed.

# more participants from other industries using solvent extraction, such as food, pharmaceuticas.

# need an input from the mgjor Cu companies.

# invite more younger people.

SUBJECT AREAS

# cover other metal industries, eg. PM’s, Zn, Cu, rare earths.

# goplication of SX in new economy industries, eg. biotechnology.



