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Projet d'implantation d'une usine de 
traitement de la brasque usée à 
Saguenay, arrondissement de Jonquière 

Saguenay 621 1-19-014 Le 3 février 2004 

Madame Monique Gélinas 
Secrétariat de la commission 
Bureau d'audiences publiques sur l'environnement 

Objet : Vérification du procédé LCLL (Dynatec) 

Madame, 

Vous trouverez ci-joint, dans six fichiers électroniques, le sommaire de la vérification ( 
Process Audit ) du procédé LCLL effectuée par << Dynatec Corporation, Metallurgical 
Technologies Division, Fort Saskatchewan, Alberta, Canada >> en Juin 2000. 

Au terme des travaux de laboratoire et de bancs d'essais effectués à son Centre de 
Recherche et de Développement Arvida (CRDA), Alcan avait déjà déposé deux 
demandes de brevets concernant le procédé LCLL. De plus, tel que déjà souligné lors 
des audiences, deux sessions de pilotage ont été réalisées en 1993 et en 1998-1 999. 

La vérification du procédé LCLL chez Dynatec, en 2000, a été réalisée à la fin de la 
première étape d'ingénierie, soit l'ingénierie de concept. C'est lors de cette étape que 
s'est effectué le transfert technologique entre Alcan et la firme d'ingénierie retenue dans 
le but de finaliser le devis technologique du procédé LCLL, d'élaborer l'envergure du 
projet et de fournir une estimation de l'ordre de grandeur des coûts de construction. 

L'étape suivante d'ingénierie préliminaire a été complétée en 2001. C'est à cette étape 
que sont notamment précisés avec plus d'exactitude les coûts du projet ainsi que les 
équipements de longue durée de livraison. C'est également à cette période que fut 
préparée l'étude d'impact. 

L'ingénierie préliminaire a été réalisée en tenant compte des commentaires et 
recommandations exprimés par (( Dynatec Corporation >) et que l'on retrouve dans le 
sommaire de la vérification ci-joint. 

Voici quelques notes explicatives supplémentaires en lien avec le sommaire de la 
vérification produit par Dynatec : 

ITEM 1.2 Lors de l'étape de l'approvisionnement des équipements, nous 
procéderons aux appels d'offres en utilisant la notion de devis de 
performance. Ceci signifie que nous demanderons EUX fournisseurs de 
garantir la performance des équipements proposes. Habituellement, des 
essais supplémentaires chez les fournisseurs d'équipement sont requis 
dans ces circonstances. 

Le <<short term storage building for SPL>, dont il est question ici est le 
bâtiment qui était utilisé pour le triage et l'expédition de la brasque vers 
les Etats-Unis pour traitement. Dans le projet proposé, ce lieu servira à 
entreposer des conteneurs de brasque en provenance des différentes 
sources d'approvisionnement ainsi que d'aire d'entreposage tampon pour 

ITEM 1.3 



les carbones et inertes. Quelque soit la source, la brasque sera livrée 
dans des conteneurs spécialement conçus à cette fin tel qu’expliqué lors 
des audiences. 

Des essais supplémentaires sont prévus a l’étape de l’approvisionnement 
et de l’ingénierie détaillée tel 
qu’expliqué à l’item 1.2. 

L‘option UTLE a été retenue. Cette option consiste a utiliser l’Usine de 
Traitement des Liqueurs d’Épurateurs existante (en augmentant sa 
capacité) déjà en opération à l’Usine Vaudreuil. Cette usine a pour 
fonction de transformer les fluorures captés par les épurateurs en fluorure 
de calcium (CaF2) via un traitement a la chaux. Cette forme de fluorure 
est chimiquement très stable et se retrouve tel quel dans la nature. 

Le CaF2 qui est généré par I’UTLE sera incorporé à la boue rouge qui est 
acheminée au site de boue, comme cela se fait actuellement, et ce, 
conformément à un certificat d’autorisation existant. Cependant la 
valorisation du NaF généré par le procédé LCLL, soit par sa 
commercialisation, soit par sa transformation en d’autres produits 
chimiques (HF et NaOH) à l’aide de la technologie des membranes, 
demeurera l’option privilégiée. 

ITEM 1.4 

ITEM 1.5 

ITEM 1.6 

Nous joignons également au rapport de vérification de Dynatec, en guise de référence, 
un article paru dans le Journal of Minerals (JOM) concernant les essais de pilotage. 

Nous demeurons a votre disposition pour toute information supplémentaire. 

Jacques Dubuc, 
Coordination du projet de l’usine 
de traitement de la brasque 
Alcan 
(51 4) 848-81 14 

Pièces jointes dans 3 messages électroniques : 

1. 
2. 

Rapport de Dynatec Corporation (Alberta) : 6 fichiers électroniques 
Article dans le Journal of Minerals (JOM) 
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F. Campbell, W.D. Vardill, and L. Trytten 

This article revims more than 45years of 
experieizce in thescale-up of pressure kydro- 
metaliurgical processes,fiom the pioncering 
collaboration betweeii Skevitt and Chemi- 
cal Construction Company ta cuvent pro- 
cess developmeiit by their successor, Dyiiatec 
Corporation. The evoiufion of test work is 
discusscd, fiom traditional pilot-plant op- 
erations usiiig semicommercial equipment 
to small scale or minipiloting witk equip- 
ment several tkousand times smaller than 
commercial uiiits. Nickel, uranium, zinc, 
and gold processes have been developed and 
successfully implemented in worldwide op- 
eratioizs treatinga variety offeed materiais, 
including concentrates, ores, and mattes. 
Data oiz test workduration and thp ramp-up 
of commercial plants are presented. 

INTRODUCTION 

Until the eariy 19805, fairly largescale 
pilot plants wereused to scale-up metal- 
lurgicalprocesses; pilotingatsuchascaie 
was expensive and time consuming, re- 
quiring large concentrate or ore samples. 
Dynatec pioneered the scale-up of pres- 
sure hydrometailurgical processes from 
small-scalemhipilot faciiities. These fa- 
cilitiesarenotpurposelybuilttotest one 
process, but can be adapted to test a 
varieiy of flow sheets that incorporate 
similar process steps. Minipilot opera- 
tions can be used to demonstrate pro- 
cessesinafuUyintegratedmode;tocon- 
firm chemical behavior; to provide rep- 
resentative solids, solutions, and slur- 
ries; to confidently predict commercial 
operations; and to gather commercial 
design criteria. 

THE EVOLUTION 
OF TEST WORK AT 

ÇHERRITTI 
DYNATEC 

The Metallurgical 
Technologies Division 
of Dynatec Corporation 
isthesuccessorto Sherritt 
International Consult- 
ants. The history and ex- 
perience of the division 
is founded on a 1945 de- 
cisionby Sherritt Gordon 
Mines Ltd. to develop 
their Ore body in 
Lynn Lake, Manitoba, 
Canada, and to refine the concentrate. The investment in some projects that 

in the eariy 1950s, Sherritt (in collabo- havebeencommercializedhas exceeded 
ration with the Chemical Construction $1 billion. Anaconda Nickel is currently 
Company) developed the process that constructing an $800 million plant in 
would be used a l  the Fort Saskatche- Western Australia for the treaiment of 
wan nickel refinery in Alberta, Canada, nickel latentes based on minipilot-plant 
through a series of pilot plants of in- results. 
creasing scale. The stages of process development 

Between 1950 and 1980, Sherritt con- practiced at Dynatec are as follows: 
ducted largescale pilot-plant c a m p a i p  Conduct batch scoping tests in the 
on four other processes: the sulfuric acid initiai stages of a project to define 
matte leaching process (which has been the approximate conditions and to 
adoptedastheprocessofchoicebyaliof observetheperfomidncr at selrcted 
the PGM refineries in South Africa); the process conditions, and issue a re- 
modified Caronprocess for treatmentof portto the clientwithrecommenda- 
low-andhigh-ironnickellaterites (which tions onprocess conditions and fur- 
was commercialized at Marinduque ther test work. 
Mining and piloted for two other cli- Conduct a conceptual engineering 
ents);theS-Ccopperprocess (whichwas study to define the probable capital 
never commercialized); and the Dynatec and operating costs of a process 
zinc pressure leach process (which has plant, based on the scoping tests 
been commercialized in four zinc refin- and commercial exverience. 

The Sao Bento piant site in Brazil. 

The Murrin Murrin nickel-cobalt project, Western Australia. 

eries). 
Since 1980,Shernttand 

Dynatec have piloted 
new processes exclu- 
sively at the minipilot- 
piant scaie. Commercial 
plants have been built 
based on the results of 
theminipilot-plant dem- 
onstration campaigns 
for zinc pressure leach- 
ing (three plants with a 
fourth licensee), nickel/ 
copper matte ieaching 
(three plants), refractory 
uranium ore leach and 
uranium recovery as . 
yellowcake,andpressure 
oxidation of refractorv 
gold ores (five plants). 

Conduct batch test; to define prob- 
able operating conditions and re- 
sults for a process, perhaps includ- 
ingbatchlocked-cycle tests (recycle 
of materials inaseriesofbatchtests) 
toindicatethe deportment of minor 
elemenis. 
Conduct continuous test work on 
each step of the process indepen- 
dently to define operating condi- 
tions and to generate intermediate 
materials for recycle to faciLitate a 
shorter integrated minipilot-plant 
campaign. 
Update the conceptual engineering 
study. 
Conduct an integrated minipilot- 
plant demonstration campaign to 
demonstrate that theprocess works 
as envisioned, with al1 recycles. 
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Conduct a feasibility study on the 
process plant. 

This approach streamlines process 
deveiopment by identifying problems 
and their solutions as early as possible, 
thus reducing the length and cost of the 
minipilot-plant campaign. Ideally, most 
process problems are solved before the 
minipilot-plant run; the run serves to 
collect commercial design data and rep- 
resentative process materials for equip- 
ment sizing and to demonstrate the in- 
tegrity of the process and the quality of 
the process products to the client and 
financial institutions. In reality, a con- 
tinuous minipilot-plantrunusually gen- 
erates some unexpected results that the 
project team must be prepared to solve 
quickly. In the presence of recycles, the 
steady-state concentration of some ele- 
ments may stabüize at levels not antici- 
pated from batch tests. The characteris- 
tics of residues and chemical precipi- 
tates that affect pipe or heat exchanger 
fouling, liquidsolid separation, corro- 
sion, and slurry viscosity often differ 
from those observed under batch condi- 
tions as a consequence of a different 
sequence of chemical reactions under 
steady-state continuous conditions. The 
analysis of observed changes in results 
during a continuous run often shows a 
need for flow sheet modifications to de- 
velop a process that is robust in accom- 
modatingsubtievariatiow inplantfeedç. 
PLANT COMMERCIALIZATION 

Dynatec has carried out the process 
development for more than 20 commer- 
cial pressure hydrometallurgical opera- 
tions, with processes for the recovery of 
gold, zinc, nickel, copper, cobalt, and 
uranium. Feed materials include ores, 
concentrates, mattes, residues, and in- 
termediate products. These commercial 
process plants had scale-up ratios rang- 
ing from 601 to 84,0001. The scale-up 
per autoclavetrainhas rangedfrom 6 0 3  
to 21,000:1, with the largest scale-up be- 
ingfor theMurinMuninnickellaterite 
project in Western Australia. A partial 
üst of Dynatec's commercialplantscale 
up work is provided in Table 1. 
Sherritt Fort Saskatchewan 

Sherritt developed and piloted its 
ammonia/ammonium sulfate ieach for 
the treatment of nickel suifide concen- 
traies from 1946 to 1952. The first pilot 
plant was built in 1949 to treat 272 kg/d 
ofnickel concentrate. Theflow sheetand 
piiot plant were revised for a second 
campaign, whichwas conducted in 1950. 
Various unit operations were subse- 
quently tested on a semicommercial 
çcale. A third pilot plant was built in 
1951, and the data coiiected from about 
five weeks of operations formed the ba- 
sis for the refinery design. In 1952, a 
fourth piiot plant was built to identdy 
anv likelv Drobiems for start-ut, and to 

train the key operators. The commercial 
refinery was designed to operate at a 
feedrateof 184timesthefeedrateofthe 
third pilot plant. 

The refinery was designed and con- 
structed from 1952 to 1954 and was com- 
missioned in May 1954. The refinery 
reached 90 percent of design capacity 
within six months and achieved the an- 
nual design production in 1955.'2 
lmpala Platinum 

The first commercial plant piloted at 
Fort Saskatchewan was licensed to Im- 
pala Platinum for a refinery at Springs, 
South Africa. The platinum-rich nickel- 
copper matte leaching plant was de- 
signed and constructed in 1968-1969. 

Sherritt had conducted a continuous 
pilot-plant campaign on the acid pres- 
sure leaching of matte in a s m d  com- 
mercial autoclave at the Sherritt nickel 
refinery in 1963. The initial design of the 
Impala refinery was based on this expe- 
rience, while a concurrent laboratory 
pilot-plant campaign provided confir- 
matory data. As no actual matte was 
available from Impala Platinum, test 
workwas conductedonasyntheticmatte 
thatwaspreparedat Fort Saskatchewan. 

The batch laboratory program was con- 
ducted in autoclaves of up to 100 liter 
~apacity.&~ 

Matte was fed to the Impala refinery 
within 18 months of the start of con- 
struction, and the design rate was 
achieved within six month. The plant 
was expanded in 1975, achieving design 
rates within two months. 
Marinduque Mining Nickel Refinery 

The modified Caron process, which 
was installed at theMarinduqueMining 
nickel refinery on Nonoc Island, Philip- 
pines, was piloted at Fort Saskatchewan 
in1969and1970atarateof23t/dofore. 
The pilotplant, whichoperated for more 
than ten months, was used to define the 
operating parameters for the commer- 
cial refinery, test materials of construc- 
tion, train key operating personnel, and 
demonstrate product quaiity. The com- 
mercial plantwas designed with an over- 
al1 feed rate of 10,800 t/d, 472 times the 
feed rate of the pilot plant. The commer- 
cial plant featured 14 roaster trains, r e  
suiting in a scale-up factor of 34 for each 
roaster. 

The refinery was commissioned in 
1974, with the first ore being fed to the 
primary crusher in early August, the 
first feed to the roasters in late October, 
and production of the first nickel bri- 
quettes on December 30, 1974. Upon 
siart-up, the refinery experienced sig- 
nificant problemç with materials han- 
d h g  and the roaster operations. The 
refinery was never able to sustain pro- 
duction rates above 80% of design. 

The roasters met metaiiurgical expec- 
tations, and the hydrometallurgical sec- 
tion of the plant performed weii, with 
two ieach traim operating at a scale-up 
of 236 times the pilot rate. The main 
production restrictions were caused by 
mechanical problems with roaster ancil- 
laries that had not been tested in a simi- 
lar configuration at the pilot scale. The 
scale-up of dry materiak handlingequip- 
ment and furnace and combustionequip- 
ment has been a frequent problem for 
pyrometallurgical operations. 

Overall, the plant did not sustain pro- 
duaionrates above 80% of design, even 
though individual roasters, when on- 
line,met expectatiom. This project dem- 
onstrated that evenrelativelysmallscale- 
up increments do not assure success for 
novel mechanical systems,whereasmet- 
allurgical performance in hydrometai- 
iurgicai processes can be extrapolated 
over a greater range 
Key Lake Uranium Mill 

Test work for the Key Lake uranium 
miii in Saskatchewan, Canada, waç con- 
ducted atFortSaskatchewanin 1978 and 
1979 on a refractory uranium ore. The 
leaching test work was conducted 
batchwise, in vessels of up to 60 liters 
caDacitv. Uranium recoverv bv solvent l . _  , _  
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The plant was commissioned in Papua 
New Guineain August 1997andreached 
the design sulfur oxidation rate in less 
than six months. 

DlFFlCULTlES IN 
COMMERClALlZATlON 

Thehistoryofmetaüurgicalplantstart- 
ups have not been without failures and 
serious design problems that have re- 
sultedinplants fallingshortof projected 
design rates. Many of these problems 
have occurred in the scale-up of pyro- 
metailurgical operations. 

As noted, the Marinduque Mining 
nickel refinery never ran at more than 
80% of design rate. The problems at 
Marinduque were primarily related to 
the materiais handling and mechanicai 
ancillaries of the reduction roasters. 
Whenindividualroastertrainswerefully 
operational, the design throughput and 
metallurgical resuits were met,butover- 
all plant throughput was limited by 
equipment availabiiity. Relatively few 
majorproblems wereencounteredinthe 

Scaie-tip factorof more 
than 4,000. 

The refinervwas com- 

EW uuinea. Since the;, the plant has 
extraction was tested continuously at 
rates of 3-6 liters per hour for more than 
one month? 

The project was approved in 1981, and 
construction on the 710 t/d ore plant 
wascompleted in 1983. Theplantstarted 
up in October 1983 and achieved design 
rates within nine months of commis- 
sioning. The Key Lake operation sus- 
tained an annual production at 100% of 
the design rates three years after start- 
up,andreached 120%thefollowingyear. 
Piloting of that process required some 
unusualprecautions as the orecontauied 
in excess of 2.5% U30,. The commercial 
plant is the largest in the western world, 
and currently produces more than 
6,000 t /y  of U30r 
Hudson Bay Mining and Smelting 
Zinc Refinery 

The Hudson Bay Mining and Smelt- 
ing two-stage zinc pressure leach plant, 
which uses Dynatec's technology, was 
piioted at Fort Saskatchewan in 1984. 
The minipilot-plant campaign ran ai a 
concentrate feed rate of 5 kg/h for 171 
hours. The commercial plant replaced 
an aging conventional roast/leachplant, 
eliminating sulfur-dioxide emissions to 
the atmosphere. The commercial plant 
was designed to produce 100,000 t/y of 
zinc to match the design capacity of the 
zinc Durificationand electrowinning cir- 

run very close to design rates. 
Lihir Refractory Gold Refinery 

The pressure-oxidation process for 
gold liberation from sulfidic minerals 
was developedatF.ortSaskatchewanfor 
Homestake Mining and saw first appli- 
cation at their McLaughlin mine in 
Northern California in 1985 at a rate of 
3,000 t/d. The process has since been 
adopted by a number of mines both in- 
side and outside of the United States. 

The Lihirrefractory gold pressure oxi- 
dation plant was piioted a t  Fort 
Saskatchewan in 1988 a i  a rate of 7- 
15 kg/h. The autoclave 
circuit in the minipilot- 
plant was operated for 
aimost400 hours onthree 
different feed blends; 
continuous cyanideleach 
and carbon-in-pulp cir- 
cuits were operated for 
240 hours. 

The overall plant was 
designed at a scale-up 
factor of more than 
26,OOO:l; thescale-up fac- 
tor per autoclave train 
was 8,900:l. The Lihir 
commercial pressure oxi- 
dation plant is designed 
to treat 2.8 million tonnes 
of sulfide ore per year. A pan niter, . .  - 

Table 1. The Scale-Up of Hydrornetallurgical Process Plants 
Prototpe Year Overall No. of Scale-up 

Original Feed Piloted Scale-up Trains per Train _ _ ~  Plant i'rocess Client Location 
Sherritt Yes Sherritt Canada Nickel concenkate 1951 180 2 90 
Moa Bay' Yes Freeport Cuba Nickel latente 1955 550 4 138 

T*d Yes cominco Canada zuic  concentrate 1977 60 1 60 

- 

Nonoc No MMIC Phiiippines Nickel laterite 1969 470 14 34 

KeyLake Yes Uranerz Canada uranium ore 1979 batchpilot 2 - 
- (now Key Lake Mining) P 'Ogrrn  

KiddCreek No Kidd Creek Mines Canada Zinc concenkate 1980 batchpilot 1 

McLaugiùlli Yes iiomesiake ünited States Gold ore 19S1 42,000 3 14,000 
Western NO Western P l a t i n u  South Africa Nickel-copper matte 1983 500 1 500 

Flin Flon Yes HBMÇ Canada Z i n c  concentrate 1984 4,150 1 4,150 
Sao Bento NO Gencor Brazil Gold concentrate 1984 4,150 2 2,100 

Porgera No Placer Dome Papua New Guinea Gold concentrate 1987 37,500 6 6,250 
Lh j I  No BP Minezals Papua New Guinea , Gold ore 1988 26,700 3 8,900 

Ruhr-Zink No Ruhr-Zink Germany Zinc concentrate 1989 3,600 1 3,600 

MWIh No Anaconda Aushdia Laterite 1996 84,000 4 21,000 

(now Fdconbridge) program 

Platinum 

(now Eldorado Gold) 

(now Lihir Gold Company) 

Campbell No Placer Dome Canada Gold concentrate 1989 1,300 1 1,300 
Red Lake 

Murrin*' 
* Piioted by Freeport. 
*' Plant curreniiy being commissioned. 
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hydrometallurgical process steps. 
Hydrometallurgical plants have not 

been trouble-free. Notableproblems that 
have occured havebeenrelated toproto- 
type unit operations or to equipment 
that is commercially unproven. in one 
case, a unit operation that separated an 
aqueous slurry phase from molten sui- 
fur failed to operate reiiably at the com- 
mercial scale. Fortunately, an  alterna- 
tive flow sheet that had been tested in 
the pilot plant couidbe introduced with- 
out excessive delay. 

Some autoclave installations have ex- 
perienced significant problems in acid- 
resistant brick linings when the bricks 
failed towithstand thesevereconditions 
associated with rapid start-ups and shut- 
d o m .  Corrosion, oftenassociatedwith 
the presence of chiorides, is a constant 
concern for hydrometallurgical pro- 
cessesusing aggressiveacidic conditions, 
and careful piloting does notnecessarily 
ensure that problems will be avoided in 
the commercial plant. 

Problems with associated facilities 
may prevent a plant from achieving de- 
sign capacity. Mining difficuities at a 
platinum mine in Zimbabwe have exac- 
erbated overall commissioning difficui- 
ties. Similarproblemsat aplatinummine 
inSouthAfncahave preventedthatplant 
from achiewig design capacity. 

There have been relatively few large- 
scale failures in the hydrometallurgical 
industrycompared to thepyrometallur- 
gical industry. This can be attributed to 
thegreatereaseofscaling-up unitopera- 
tions that deal with slurries and solu- 
tions comparedwiththose thatdealwith 
gas-solid mixtures and moltenmaterials 
at high temperatures. Hydrometallurgi- 
cal pilot plants are easier to build and 
operate, and the analysis of the test re- 
sults is usuaiiy less complex. 

It is important that hydrometallurgi- 
cal processes be piloted uçing the same 
quaiity water and reagents that will be 
used in the commeraal plant. For ex- 
ample, the reactivity of limestone might 
have a major impact on retention time 
requirements in aneutralizationstep and 
product recovery will s d e r  if substan- 
tial quantities of unreacted lime are re- 
jected in solids residues. High chloride 
water can have a devastating effect on 
the corrosion rates of some stainless 
steels. In one case, test work to develoo 

an acid-leach process to recover copper 
from lead smelter dross used reagent- 
grade suifuric acid during test work in- 
steadoftheblackacid thatwasavailable 
at the smelter site. As a resuit, high- 
quality acid had to be purchased at a 
high freight cost until problems associ- 
ated with the uçe of black acid were 
resolved. During minipiloting for the 
Lihir project, seawater was transported 
from Vancouver and added to feed ore 
to simulate the ingress of seawater into 
the volcanic caldera which now forms 
the Lihir mine. 

McNulty7 has suggested several rea- 
sons for the failure of plants to achieve 
design expectations, including 

* Pilot testine was limited and did 
not address-the whole flow sheet. 
Pilot testing was not conducted to 
confirm process parameters. 
Theplantwasdesignedtofitwithin 
the available budget. 
Process flow sheets were very com- 
plex. 

* Prototype equipment was used in 
two or more unit operations. 
Process chemistry was not under- 
stood. 

* Designandconstructionoftheplant 
was started before the process was 
understood. - Therewasinadequate technicalsup- 
port during commissioning. 

* Trainingofiheworkforceandoper- 
ating manuals were inferior. 

McNulty’s conclusions reinforce the 
need for continuous pilot testing of the 
entire process, skilled interpretation of 
the data from pilot testing, a Sound un- 
derstanding of the process chemistry, 
full recognition of the pilot-plant test 
resultsintheplant design,and technical 
support from the research and process 
design team throughout the design and 
commissioning phases of the project. 
McNulty’s comment on the budget for 
test work raises an interesting compari- 
son with the large expenditures that are 
required for driiling programs to define 
adeposit toasufficient levelof detailfor 
project feasibility studies. Relatively 
small expenditures are generally made 
indefiningtheoptimumprocess fortreat- 
ing the well defined orebody. Expendi- 
tures made to refine a flow sheet gener- 
ally result in faster plant startups and 
lower operating costs. 

CONCLUSIONS 

It is the objective of test work to dem- 
onstrate that a process works as pro- 
posed,in afullyintegrated manner,pro- 
ducing quality products. Most new hy- 
drometallurgical processes employ 
known unit operations, even though 
there are variations in the chemistry. 
Departure from proven commercialized 
unit operations requires a great deal of 
care, as this is where pitfalls lie. 

The scale-uv of hvdrometallurzical 

processes is more reliable than the scale- 
up of pyrometallurgical processes, as 
slurries tend to be more homogeneous 
than gas-solid mixtures. Scale-up by a 
factor of 5,000 or more is acceptable for 
hydrometallurgicalprocesses, as long as 
the following conditions apply. 

Managementcanbeconfident ofscale- 
up from minipilot-plant data if 

The process was piloted on repre- 
sentative feed material with al1 re- 
cycle Stream incorporated into the 
pilot-plant flow sheet. 

* There are no radical innovations in 
technology. 
Theresearchandengineering teams 
work in close collaboration to en- 
sure that al1 pertinent questions are 
answered. 
The scale-up is carried out by an 
experienced design team. 
Reagents and water thatwill be used 
in the commercial operation are 
tested in the minipilot plant. 

Caution should be taken when inno- 
vative unit operations are introduced; 
new constructionmaterials are proposed; 
thefeedwasnotrepresentative of actual 
planned operations; or the scale-up to 
commercial design is made without the 
knowledge of the relationshipsbetween 
proven commercial equipment and the 
pilot-plantequipment, or the designteam 
lacks the complementaq blend of r e  
search, design, and operatingexperience 
to be aware of what can be scaled-up in 
practice 

Whendealingwithnovelprocess tedi- 
nology, owners are advised to insure 
that the experience and pilot-plant re- 
sults of the process developer are ap- 
plied to the final design. There is danger 
if initiatives to minimize capital cost, 
particuiarly in the context of lump-sum 
tumkeycontracts, ignore this experience 
in the final design. 
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