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45. SIM PARTICLES

45.1. General

HSC Sim has a special set-up and approach for ggesewhere minerals are treated. This
approach should be used for processes includinghrg, grinding, flotation, gravity
separation, or screening. Mineral-based modelst fpaaticles which have at least the
following properties:

size (diameter)

mineral composition as wt.%

In addition, they may have additional parameteke lEomposition by volume%, mineral

composition by surface area%, whiteness, and hasdr@lobally, minerals have a certain
chemical composition and specific gravity and thene HSC calculates these properties for
each particle and also for each stream.

Particles are generated in HSC through mineralbgnfarmation. There are two levels of
information required (Figure 1): 1) Global set-ata) and 2) Feed stream —specific set-up
(data).
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GIObaI Set'UD Mineral Ccp Py Sp Gan
Minerals with: N S.G. 435 | 5013 | 4096 | 2.65
*Chemical composition Cu% 3463 | 000 | 000 | 0.00
*SG (specific gravity)_ Fe % 3043 | 4655 | 212 | 10.12
sother global properties S % 43.95 | 53.45 | 32.86 | 0.00
which will not changeina | |
process
Set-up for each input stream
Particles with known:
emineral composition . @ etc ...

size

—

Particles’

*SG,

echemical composition

can be and is calculated by HSC Sim

Liberated Ccp  Binary Ccp-Gan

Complex particle

Global set-up

Minerals with:

*Chemical composition
*SG (specific gravity)
other global properties
which will not change in a
process

Set-up for each input stream

emineral composition
size

—

Particles’

*SG,

echemical composition
eetc...

can be and is calculated by the HSC Sim

Liberated Ccp  Binary Ccp-Gan

Mineral Ccp Py Sp Gan

S.G. 4.35 5.013 4.096 2.65

Cu % 34.63 0.00 0.00 0.00

Fe % 30.43 46.55 2.12 10.12

S% 43.95 53.45 32.86 0.00
B & .

Complex particle

Figure 1. Global and set-up for each input stream.
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1. Global
Global mineralogical information does not changarfrstream to another. It consists of:
A list of minerals and their properties including:
Name
Chemical formula
Specific gravity
Chemical composition
Number of behavioral types and their names (e.g, fest floating, slow floating)
Size class information including
0 Measuring unitifm / mm)
0 Number of size classes
o0 Lower and upper boundary of each class and average
0 Name of the size class

O O0OO0OO0Oo

2. Feed stream-specific
Each input stream defines the mineralogical contioposof the stream by size and possibly by
behavioral types. An input stream data consists of:
a) Mineral data
Total input of the stream (t/h)
Weight percentage of each size class (summing@&6)0
Weight percentage of each mineral in each sizes ¢lagsnming to 100%) and in bulk
(calculated)
Distribution of minerals between behavioral types
Chemical composition of fractions and bulk (calteds
b) Particle data (optional, but if missing is genedate
In the model particles are used, i.e. if this dataissing, then the particles are
generated according to (a) and (b) or (a) andf(g)ven (e.g. from the liberation
analysis) the weight percentage of a mineral iseoted according to the data given
in (a), i.e. the mineral weight percentages areridkom data (a) whereas the
mineral association and mode of occurrence is téioen (d). This is important
since liberation analysis is often biased in teoffimodal composition. Also, it
enables to give more information on trace mineels, gold, than a simple
liberation analysis would provide.

In units, the particles (Figure 2) can:
1. Break down (crusher, mill),
2. Be distributed between the output streams efibdectly or with certain ratios
(probabilities) which can be dependent on:

size
specific gravity
mineral composition

3. Travel through the unit unchanged but mixed witier streams.
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In a unit, particles

1. Can be broken down@ fecd Marge@

e (crushing, grinding)

2. Can be separated between products
according to their sy

. oversize
* Size(screeniny, @ @
* *gpecific gravity(KneIsonQ , unders.zi

hydrocyclones),

* + mineral composition

0.5 tph
(flotation)
* shape etc... flotation
. . feed tail
3. Can be mixed with . - -
conc ¢ 0.03 tph

other streamump sump§>* ™" 0.1 tpn

Figure 2. Behavior of particles in a unit.

45.2. Hierarchy and Files

The HSC Process consists of Units and Streamsr@Rju The Particle Mode Stream consists
of Solids and Liquid, but there could also be a @hase. The liquid may have soluble
components, but in minerals processing, these pragenormally ignored, i.e. the liquid has
only density as a parameter. Solids consist ofighast which are composed of minerals.
Minerals have properties like chemical compositionthe HSC Simulations all the properties
of solids are calculated from particle flowrateartigzle compositions and mineral properties.
For example, copper does not behave independantliyel process but is always bond to a
mineral or minerals that occur in particles, whiglny in size and composition.

The file structure of the HSC Sim Process in thdi¢ta Mode is shown in Figure 4. Global
mineral settings are stored in a file called Minfpetls. The composition of each input stream
with solids is described in a file called Minerajo&tream.xIs (Stream is a stream name, e.qg.
ROM, i.e. Mineralgy_ROM.xIs). Liquid input streamd® not have separate definition files.
Each process unit is an individual MS Excel filahaihe name of the unit (e.g. BallMill.xIs).
The file with fls extension carries the informatiaibout the drawing.
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Particles
Minerals

‘ Chemical Elements‘

Figure 3. Hierarchy in HSC Sim.

All minerals and
particles are
described hare

m MinSetup.xls

stream has a

Mineralogy_Feed_1 .xls Each feed

- separate
Mineralogy_Feed_2.xls ctream file
Mineralogy Feed_n.xls

w_|Each unitis
~————| separate

-

Figure 4. File structure in HSC Sim in the Parti¢Minerals) Mode.
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45.3. Before starting

Before starting to build a process for simulatipoy should collect all the relevant data of the
process. According to the data and your aims, Youlsl:

1. Decide the level of details you want to havéhimdrawing and simulation.

Is it necessary to draw all the existing units .(@gmp sumps), or could the circuit be
simplified without losing any essential informatibn

It is a good idea to draw a draft of the flowshaeta piece of paper. That will help you
in placing the units in the correct way.

2. Decide the level in terms of particles. The gile levels from the lowest (least
information) to the highest are:

a.

Sized model without compositio. Typically grinding circuits (Typically 5-25
are modeled like this. The chemical and mineral masition of particles)

the input (e.g. ROM) is identical to the outpug(dlotation feed),

and the main interests are in flowrates and iniredienergy.

. Unsized mineral mode. Each mineral is treated separately but aTypically 3-8

the size classes are treated together. Typicalgnple flotation particles)
model is like this.
Unsized floatability components mode. Each mineral is divided (Typically 9-25

into 2-3 floatability classes, i.e. fast floatirgypw floating and particles)
non-floating.

Size-by-mineral model. Each mineral by size is treated (Typically 15-
separately. This approach enables the simulatidullahineral 50 particles)

processing circuit including crushing, grindingassification, and

different kind of separation techniques like flatat gravity

separation, magnetic separation, and dewatering.

True particles —model. This is the highest level of the modeling (Typically 200-
where patrticles treated in the process have beasumnad with 1000 particles)
e.g. MLA and all of them or groups formed from thare treated

in the process.

Remember that if you go to a higher-level approgah will need more data and
better models.

3, List the minerals present in the circuit. Fitigkir chemical composition and specific
gravity. If you do not know, please ask a geologist mineralogist or look for a
mineralogical report.

4. Find the chemical composition or mineral conims of the feed streams. If you have
only the chemical composition, do the element toaral conversion (with HSC Geo, see
manual “84 HSC Geo.doc”).

5. Find the flowsheet of the process or if it isgeeenfield process, consider possible
alternatives and decide where you start.
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6. Find data for unit models and their paramet&ws.create models you will need some
experimental data. These are elemental assaysafaivoratory test, pilot test or a survey.
If you have the data, you can organize that in HBMg the Experimental mode (see
chapter “47 Sim Experimental”’) and mass balancerandncile the data (see chapter “48
Sim Mass Balancing”). Simple models do not haveat@nal parameters like size, length,
gap size, volume, area, but if you want to use noam@prehensive models you should
gather this information as well.

Composition Unsized Sized
I Size

No .
composition wiihaing
Chemical Flotation
components Kinetics
Minerals Flotation .

Flotability Al oL

esses
Components

Particles

Figure 5. Model levels possible in HSC Sim in Rdes (Minerals) Mode.
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HSC Sim 7.0 Process Data Sheet
Process: | Drawn by: | Date:
Flowsheet: Draw a sketch below (you can use the other sideeopaper as well). Simplify.
Units /
models
Model level Sized Unsized Unsized floatability Size-by- Particles
mineral component mineral model

Minerals and their chemical compositions: Numbemaierals: and elements
No 1 2 3 4 5 6 7 8 9
Mineral
Size classes: Number of size classes:
Fraction 1 2 3 4 5 6 7 8 9
From
To
Progress in HSC Chemistry 7Remember to use tiarticles Modé

1. Draw units Draw the units and rename them.

2. Draw streams Draw the streams and rename them

3. Check the water streams Turn the StreamType to 1 - Liquid/Water

4. Check the connections and checlCheck that all the streams are connected propeuly,Tools — Find

for errors Errors and correct if any

5. Save the flowsheet Create a new folder for each new flowsheet

6. Run the mineral set-up Define minerals and size classes. Run a variabte li

7. Load the Excel wizard models  Unit by unit select Wizard — Load Excel Wizard...

8. Run the Exel wizard models Unit by unit select Wizard — Run Excel Wizard....

9. Edit models and save Check and edit cells with blue text. Do not touetsowith red text.

10. Simulate Check that the material is transported as you epec

11. Continue.... Continue by making changes and simulating. Reslis etc.
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45.4. Steps

To set up a circuit based on particles, pleaséedallowing:
1. Open HSC and seleetie — Newand Particles Mode (Figures 6 and 7)

2. Check the options and edit them (Figure 8)

EE# Flowsheet Designer - Untitled

J File Edit Yiew PRun Draw Select  Tools  Arrange  Mode Particles  Help

J _ (g B | @ | @ | | | Dk »
— Cpen. .. Chrl+0

HESHEEPFDEESS ot |
- - - -

—Maode

{+ Particles {Miner.‘:ﬁ
{~ Reactions (Hydr

{" Distributions (Pyro)
{~ Experimental

—Drawing area

Set drawing area ko;

Width: =00 mm a4 Portrat | A3 Portrait |
Height: 500 rm A4 Landscape I A3 Landscape I

Mote: Prink Dialog makes possible ka Fit any size drawing to &4, ekc,

Resolution: I S0 Poiniksrrn (10-100] [ Wiew Frame

Cancel | QI I

Figure 6. Starting a new process, select File — Newl in the New Process window select the
Particles (Minerals) mode.

EEP Flowsheet Designer - Untitled

File Edit Mew Bun Draw Select  Tools  Arrange | Mode Particles  Help

DBWH| & o tmeppd

——

W S R iekbtians (Pyro)
gl & Experimental

Figure 7. Another option is to change the modeh® Particles Mode directly from the Mode
selection.
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(Options
SnapTaoGErd True -
B Default Unit Settings

FontMame Arial

FankSize 10

FontBold True

FontItalic False

FontColor Bl o; 153;0

Lineskyle 0 - Solid

LineWidth 0

Lineolor - 0;0;0

FillStyle 0 - Solid | |

Backstyle

Fillzalar [ ] 255; 255; 255

Backolor [ ] 255; 255; 255

AutobrawDefaulkstrearns True

E Default Stream Settings

Fontrarne Arial hd

Cancel | Appli |

Stick, Stream Ends True

SkreamiCrossGap 1

SnapSkrearmTallnik True ||
-

Figure 8. Step 3: Check the drawing options. leisommended to turn on (change to True) from
the Unit Settings the AutoDrawDefaultStreproperty (when turned on the default output stream
included in the Unit drawing are drawn automatigaland in the Default Stream Setting the Stick
Stream Endéwill keep the streams connected to the units whemnits are moved) and
SnapStreamToUnit properti¢will connect the stream to the unit once the i;drawn over the
stream).

. Draw the process with all units and streams.rfore details about drawing, see the Sim
manual (40 Sim Flowsheet, sections 40.3-40.5) weder streams, select the stream type to
“1- Liquid/Water.”

. Save the Process by selectifige — Save Asand create a new folder. This is important
because the HSC process consists of several fiegsl#ferent process simulations have
files with identical names. Therefore you cannotesawo different processes into a
common folder (Figure 10).

. Check the stream connections using@herlay and Route Checkbutton and correct the
connections (Source and Destination fields) if mele@Figure 11).

. Check for errors and selebbols — Find Errors from the menu. Check the error log and
make the required corrections (Figure 12).
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Figure 9. Draw the process; use the units (iconsight hand side) and stream tool (fourth from the
top in the toolbar on left-hand side).

7. SelecParticles — Mineral Setup.. from the menu (Figure 13)

8. In theMineral Setup window follow the Step-by-Step setup to defineg(ffe 14, see a
more detailed description of this step in the ceapb.5):
8.1. Minerals
8.2. Size classes
8.3. Streams
after these stages are completed
8.4. Variables
8.5. Save and
8.6. Close
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Figure 10. Save the process, Select File — SavedBmAs.. and create a new folder and save the
process with an appropriate name. It is importansave only one process in one folder due to

common file names.

9. Do the appropriate set-up for each unit (usingeEwizards, see chapter 45.6)

10.Run the simulation (chapter 45.7).
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Figure 11. Select the stream connections with ther@y and Route Check —button. Keep the
button down and check from color-coding that tmeans are correctly connected. Blue indicates
input stream, red output stream and black are imiediate streams. Light blue streams (not visible)
are not connected and should be reconnected bgidgfthe Source and Destination fields in the

Process tab (right hand side).



HSC Chemistry® 7.0 45 -15

Pertti Lamberg September 9, 2009 09006-ORC-J

Figure 12. Finding Errors in the flowsheet; sel@dols Find Errors and check the errors

Figure 13. Select Particles — Mineral Set-up...
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45.5. Mineral set-up

In the mineral set-up window can be edited eitheu&ing step-by-step approach (select Step
by Step option) or the properties independentlietdd=ditor option; Figure 14) can be edited.

The mineral set-up has been designed so thatrstetifne the set-up is to be done step-by-
step, whereas later on minor changes can be mabe Editor mode.

Figure 14. Mineral Setup window.

The step-by-step approach is described first (leiduy).

1. The first step is to define the minerals. Taht, PressT. Minerals...” If the button is not
visible, select the Step-by-Step option. You cdectdetween five options (Figure 15): 1)
Clear, 2) Wizard, 3) Stream Database, 4) MinerahbBase, and 5) Skiglear will clear the
current minerals and you can continue from scrakbie\Wizard will make visible the HSC
Sim Wizard Selection window (similar to the oneH8C 6.1) and certain built-in mineral
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definitions will be available, e.g. “Cu ore (porphy and “Au ore” (Figure 16). Here, HSC
Sim reads the Excel file MineralogyWizard at \Sinwafds\System —folder. Each selection
has its own sheet. To edit, add or remove a seleabipen the file with Excel and make the
appropriate changes. When adding a sheet it magabier to copy the content from the
existing one and then edit this because the stittas to be similar to existing sheets (e.qg.

the mineral number on row 6, C is the first coluetn).

Figure 15. Options for the first step, Minerals.

Figure 16. Select the appropriate mineralogy.
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The Stream Databaseption will open the Stream Database window wiyere can select
stream definitions existing in the database. Th@op/ineral Databasewill give you an
opportunity to select minerals from the databaikeeby adding new minerals or defining
the minerals from scratch (Figure 18). In the Maié&atabase Browser, you can browse
minerals by typing there the name and selectingrbst appropriate one; for more details,
see the following chapter (Selecting minerals fiaatabase).

2. Complete the Global Mineral set-up by addingrtheemoving species (columns), editing
their chemical composition, their specific graviigd number obehavioral types (Figure
19). In this context, behavioral types mean thagafi want to divide your mineral into
different behavioral types, e.g. fast-floating, Htmating and non-floating components. The
ratio of components can be changed using the “Gionér” model in a unit. The number of
behavioral types can be between 0 and 3. Zero nibahghere will be one anyway, but the
set-up is slightly different if you specify one. @ mumber of behavioral types should be
same for all the minerals even though it is indinallly requested.

Figure 17. Stream Database window.
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Figure 18. Selection whether you add new mineraldear all minerals defined before.

Figure 19. Edit mineral properties and select thember of behavioral types used in the simulation.
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Figure 20. Files for mineralogy (MineralogyWizart$)xand size class (SizeClassWizard.xIs) setup
are located at Sim\Wizards\System folder.

Figure 21. Step-by-Step mineral set-up, the fiegh $1. Minerals” completed

3. To define size classes, press ‘theSize classes...’button. The wizard window becomes
visible. Size classes can be defined as the fifrastion first (Fine To Coarse..) or the
coarsest fraction first (Coarse To Fine..). Thekarihe appropriate selection. The size class
wizard is an Excel file, SizeClassWizard.xls, lechtat the \HS7\Sim\Wizards\System
folder (Figure 22). Each selection is a sheet. Y@y edit the content of each worksheet,
delete sheets or add them using Microsoft Excals€lthe file in Microsoft Excel before
running the wizard, because Excel reserves thediigly for its own purposes.
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4. Edit the size fractions in the Global Size Setalneet (Figures 23-24). Change the unit,
upper and lower value, average size, and label. theeright mouse to delete or add
fractions.

5. The next step is to define the mineral compmsiof the input streams. Press the buttdn
Streams...”. Fill in the data of the input stream(s) (Figuf.2Xive the total input, wt% of
size fraction, mineral composition of each sizeticn and fraction of each behavioral type
if applicable. To hide a section, click the titlieen on the first column, the hidden section is
indicated by ‘+’ before the title (e.g. +Mineralsh). To calculate the mineral composition
form the chemical assays, see chapter xx. If youtwa use an identical mineral
composition for all size fractions, type in the mral weight percentages into the first
fraction and select 'Apply Mineralogy To All Fractis’ (Figure 27). To define the particle
size distribution of the feed stream using the Ré&&mmler equation, click with the right
mouse button and select “Size Distribution by Régsammler” and give the characteristic
63.2% passing and uniformity.

6. The next step is to set the variables to eadh Da that by pressingt. Variables” (Figure
28). The operation will take a while. It will creaparticles (if not defined), and set up each
unit.

7. To save the information, pré$s Save” and to complete the set-up press “6. Ready.”

Figure 22. Wizard for defining size classes.
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Figure 23. Removing a fraction; select the fracigiou want to remove, right-click and select
Remove Fraction.

Figure 24. Global Size set-up sheet (Size tab).
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Figure 25. Fill in the data of the input stream(§jive the total input, wt% of size fraction, minlera
composition of each size fraction and fraction afte behavioral type if applicable. To calculate the
chemical composition of each fraction and bulkeseTools - Calculate Chemical Composition.

Figure 26. You can hide / unhide sections by dligkhe title on the first column. ‘+' indicates a
hidden section, ‘- for the expanded section.
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Figure 27. If you want to use an identical minezamposition for all size fractions, type in the
mineral weight percentages into the first fracteomd select 'Apply Mineralogy To All Fractions’.



HSC Chemistry® 7.0 45 25

Pertti Lamberg September 9, 2009 09006-ORC-J

45.5.1.

Figure 28. Step 4, press 4. Variables... button.

Selecting a feed stream from the Stream Database

To select the feed streams from the Stream Datalphsase select in the Mineral Setup
window in step 1 (1. Minerals) — Stream Databasdigure 29). In the Stream Database —
window, select the appropriate stream (check HS@rRofor Stream Database updates,
www.hsc-chemistry/Forum_v3).

The stream database includes both global minetal(#inSetUp.xIs) and stream information
(“Mineralogy_Stream.xlIs”) (Figures 30 and 31). Taeuhe selected feed characteristics, press
the Use/Replace button (Figure 30). HSC will l0ael $elected mineral setup data and remind
you to rerun the variables. Please do that eitgerebunning steps “4. Variables,” “5. Save”
and “6. Ready” or select Tools — Repair (Figures33p
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Figure 29. Accessing the Stream Database.

Figure 30. Select the appropriate feed stream;hteck minerals, press the Minerals> -button.
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Figure 31. Minerals> data of the "Standard Cu Oref the stream database.

Figure 32. After loading the mineral setup from #tieeam database, you need to generate
variables. If you have done that previously, ple@san steps “4. Variables,” “5. Save” and “6.
Ready” or select Tools — Repair (Figure 33).
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Figure 33. Select Tools — Repair if you load thaeral set-up from the stream database into the
simulation where variables have been created presho The other option is to rerun steps 4
(Variables), 5 (Save) and 6 (Ready).

Selecting minerals from the mineral database

To select minerals from the mineral database, plehsose the option “Mineral Database...”
when running the Step 1 (“1. Minerals.”, Figure .34pC Sim will ask you whether you want
to 1) Add new minerals (=Yes), 2) Clear and defitrirerals form scratch (= No) or 3) Cancel
the operation (Figure 35).

HSC Sim will open the mineral database (HSCGeo7)milhe file location is shown in the
window title (Figure 36). To select a mineral, gealo the following:

1.

2.
3.
4.

~N O

Type the mineral name or part of it into théeZra text box (Figure 36).

Select the appropriate mineral on the list{Feg37)

Add the selected mineral to the list (of seddaninerals, Figure 38)

Continue steps 1-3 until all the minerals nelegi® listed. Please remember that
the sum of minerals has to be 100%. Often this mdlaat you need to add a

mineral like “others”, “non-sulfide gangue” or “ggue” to get the balance
right.

. To select the appropriate mineral, you canguaphics as shown in Figures 39-

40.

. When all the minerals are selected, press Qdu(€ 41).
. The selected minerals are loaded into the Min®etup (Figure 42). Continue

by editing the properties if needed and defining nlamber of behavioral types
(if needed).

For more details on working with the mineral dashaplease see the “86 Mineral
Database.doc.manual’
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Figure 34. Accessing the mineral database.

Figure 35. Accessing the mineral database.

Figure 36. Selecting minerals from the mineral detse (HSCGeo7.mdb).
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Figure 37. Selecting the appropriate mineral.

Figure 38. Adding a mineral to the list of selectaiherals.



HSC Chemistry® 7.0 45 -31

Pertti Lamberg September 9, 2009 09006-ORC-J

Figure 39. In the mineral database window, presaghis... button to see the XY diagram. Double-
click to select the appropriate mineral and press Line button to see the line graph (Figure 40).

Figure 40. Line graph. Selected minerals are shagiblue, other minerals of the selected species
in the database (pyrite in this example) are shawmed lines.
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Figure 41. All minerals selected, press OK.

Figure 42. Minerals from the database listed in thi@eral set-up. The ID number is the number in
the database.
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45.5.3. Calculating mineral grades from elemental composion — Element to
Mineral Conversion

You can make the element to mineral conversioh$3@Geo (see manual “84 HSCGeo.doc”)
but there is also a way to do that in HSC Sim.

1. First, you need to make the range of each fsamion data unprotected. Select the
range, right click and select “unprotect cell” (&ig 43).

Figure 43. Unprotect stream size fraction datatfiis case only one size fraction exists).

2. Select all the elemental compositions (excegikBand press Del to clear the range
(Figure 44).

3. Type in the chemical composition and mark thieenals to be solved with X. You can
also use the right mouse and select “Mark minerakt solved” (Figure 45).
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Figure 44. Select the elemental composition andtdelalues.

4. The best way to do the element to mineral cawe is to have an equal number of
known components (chemical assays) and unknown aoemts (minerals). Then the
case is exactly determined and it will be solvedmhbiguously. In the example shown
in Figure 46, the user has typed in Zn, Pb, areh8;has marked sphalerite (Sp), galena
(Ga), and pyrite (Py) to be solved. Quartz (QtZ) e calculated using formula 100-
others.

5. To execute the calculations for all size frawsi, right click and select “Solve Element
to Mineral (Figure 47-48).

6. Complete the calculations: right click and seldpdate Mineral to Element (Figures
49-50).
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Figure 45. Select minerals to be estimated, ridickcand select “Mark mineral to be solved”
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Figure 46. Type in chemical composition.

Figure 47. Using the right mouse button, selecti®dlement to Mineral”
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Figure 48. Mineral grades solved.

Figure 49. Complete the calculation: right clickndaselect Update Mineral to Element.
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Figure 50. Mineral grades calculated from Zn, Sdd&b assays. Other elemental grades are
calculated from the chemical composition of mingral
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45.6. Model Wizards

After running the mineral set-up, HSC Sim has @éahe variables as shown in Figures 51.
The variables include pulp properties, elementadgs, size data, mineral grades and

elemental & mineral recoveries. The number of priige depends on the minerals, size
fractions, and elements.

Figure 51. Variables: Pulp properties, elementahdes, size data, mineral grades and elemental &
mineral recoveries.

Below the mineral recoveries you can find the patiflowrates as t/h (Figure 52). Each

particle is a row in the simulation. The numbepafticles created is minerals x size classes x
behavioral types.
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Figure 52. Particles.

The next step after completing the mineral setauyl (saving the process) is to define the unit
models. Currently, if simulating, the feed streamuld feed the first unit but the particles
would not proceed further.

To load the unit models:

1. Double-click one unit and the Excel Model widl bpened.

2. From the Excel Model, select Wizard — Load Extétards... (Figure 53) from the menu.

3. To define the unit model, double-click the Waraell of the selected unit (Figure 54).

4. In the Load Wizard window you can select therappate model. In the Particle Mode the
Folder selected by default is “Mineral” and the mlsd[Excel files) in the folder are listed
below. On the right-hand side you can see the gidiser of the model which is an RTF
file in the very same folder as the models (Fichbe

5. Once the models have been loaded you can saeh¢ iLoaded column (Figure 56). The
next step is to press the Apply button (Figure H8jou do not want to Apply some of the

models click the “Apply” column to uncheck the s#ien. The options on the bottom of
the window are:
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Del Disabled Streams = Deletes all disabled streiantse process (See the manual
“40 Sim Flowhseet.doc”)

Protection ON = Turns on the protection in all anitou can only edit the cells where
the values are in blue (model parameters)

Retain Values = If you need to rerun the wizardoshthis box to retain your model

parameters. Otherwise the model parameters wiliebet (i.e. the wizard will place
the default parameters).

When loading the wizards, HSC Sim will open theasikfile (which is an MS Excel file) and
copy it into the Wizard page. When Applying, HS@Siopies the top part of the wizard into

the Model page and then runs the macros on therbgtart of the wizard. To learn more
about wizards, see the guide “40 Sim Flowsheet.doc.

Figure 53. Loading Excel Wizards.

Figure 54. Define the unit models by double-cligkihe cell with the text (Double-click to define).
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Figure 55. Load Wizard window. In the Particle Motlee Folder selected by default is “Mineral”
(top left corner) and the models (Excel files)hir folder are listed below. On the right-hand side
you can see a description of the model which iR@R file in the very same folder as the models
(folder is given in the Window Title bar).
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Figure 56. Models loaded, ready to apply.

Figure 57. Wizards have been applied.

Table 1 lists the model wizards currently availatfler model wizard updates, please check
HSC Forum (www.hsc-chemistry.com/Forum_v3). In tH&C Help browser you can navigate
between the HSC Help files and model wizard docusmas shown in Figure 58. The mineral
Wizard help files can be found under “Mineral Wiar

After loading the models you need to check and stdijbe model parameter. In mineral
wizards the model parameters requiring user chdplgment are colored in blue (text color),
the red text color indicates that the value isulatked and used in the model, i.e. normally you
should not change it. The black text indicates tinat value/text is for information. Use
protection to prevent changes in the red values §ser guide “40 Sim Flowsheet.doc”)
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Table 1. Wizards related to minerals processing whére they should be applied.

Wizard name Applied in (most . Output | Description

commonly) : streams

Perfect Mixer Pump sump, Mixes all the input streams and sends all pdyfect
conditioner mixed to output stream

Mass Distributor Distribution box >1 Mixes all inpstreams and distributes solids and

water in ration given by user

Particle Distributor Any separation units = >=2 Mixes all inputs and distributes minerals into
like flotation cell, output streams as defined by user

gravity separator,
magnetic separator
Particle Distributor Any separation units ~ >=2 Mixes all inputs and distributes each particle
like flotation cell, between output streams in ratio given by user
gravity separator,
magnetic separator

Size Distributor Any size separation 2 Separates total input according to particle size
unit (screen, between two output streams
hydrocyclone ...)
Fixed PSD (Rosin - Crusher, grinding 1 Changes the particle size distribution of the
Rammler) mills material. Output particle size distribution defined
by two parameters Rosin-Rammler equation
Screen (Batterham et Screen 2 Separates the material according to |easiie
al.) to coarse (overflow) and fine (underflow) using
the model by Batterham et al.
Screen (Karra) Screen 2 Separates the materialdiogdo particle size

to coarse (overflow) and fine (underflow) using
the model by Karra

Screen (Whiten Screen 2 Separates the material according to |easiie

Efficiency) to coarse (overflow) and fine (underflow) using
the model by Whiten

Efficiency Curve (3 | Hydrocyclone, screen, 2 Separates the material according to particle size

parameters) screw classifier to coarse and fine

Efficiency Curve by | Hydrocyclone, screen, 2 Separates the material according to particle size

mineral screw classifier to coarse and fine

Efficiency Curve Hydrocyclone, screen, 2 Separates the material according to particle size

(with fishhook) screw classifier to coarse and fine

Cyclone (Plitt) Hydrocyclone, screen, 2 Separates the material according to particle size

screw classifier to coarse (underflow) and fine (overflow) using

model by Plitt

Conditioner Conditioner 1 Changes the mass proportion of mireraveen

(Floatability behavioral types (e.g. fast floating, slow floating

Components) non-floating)

Flotation Cell (with : Flotation Cell 2 Separates total input into concaetand tailing

Floatability according to flotation kinetics (considering

components) entrainment and froth recovery) and residence
time

Thickener Thickener 2 Separates water and soligsaverflow and

underflow according to target % solids of the
underflow
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Figure 58. Navigating between different help files.

45.7. Run the Simulation

After you have loaded, applied, and edited the wmidels (as described in the previous
chapter) you are ready to run the simulation. Rlegger to the user’'s guide “40 Sim

Flowsheet.doc” for more detailed information.

1. Move to the simulation window by pressing Fitar Start Simulation button (Figure 59)

2. In the simulation window, define the number iofidation rounds or set the End Criteria
(see User's guide “40 Sim Flowsheet.doc”) to cdnthe ending of the iterations. To

simulate, press Calculate

Figure 59. Start simulation.

Figure 60. Simulation window.

3. After the steady-state condition has been reshgba can report the simulation result in the
following ways (for more details see “40 Sim Flowshdoc”, chapter 40.9)
Select the variable in the combo-box and copy-pastprint or export the Sankey
diagram. Change the visualization settings by jpmgdbe “Visualize” button
Use stream tables to visualize several variablédseatame time
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Select Tools — Report and List Stream to creaigtiad of stream properties
Create you own custom outputs with the help ofReport and Flowsheet Tables
For Scenarios, use Remote Control.

45.7.1. Particle Info Window

HSC Sim has a specific visualization and reportingj, Particle Analysis, when simulating
with particles, i.e. using Particles (Minerals) Mod o use that, please do the following:

1.

2.

In the simulation window, select a stream witefamouse click.

In the “STREAM DATA” (on the right-hand sideglsct the Particles Tab (only visible in

Particles mode) and click the first (red) row wigt “Particle Analysis >>>>" (Figure 61).

Figure 61. Accessing Particle Analysis (Stream Rrtips) window.

3.

In the Stream Properties window you can studferdint properties reported in tables or

visualized in graph (Figure 62-72).

MC = Mineral (modal) composition (by size)

EC = Elemental composition (by size)

PSD = Particle Size Distribution (by mineral)

MD = Mode of occurrence of mineral (by size)

ED = Distribution of element between minerals (lnes

LIB = Cumulative liberation curves (by mineral)

LIM = Mineralogical limiting curves

REC = Recovery of particles by composition (agaRsterence Stream)
REM = Recovery of minerals by size (against RefeecBtream)

RATE = Flotation rate of particles by composition

To change the reference stream, select Stream efedeRce Stream (Figure 73) from the
menu.

3. To report out, use copy-paste.

4. To change the stream, simply click the streartherflowsheet (without closing the Stream
Analysis window) and HSC Sim will update the Streanalysis for the selected stream.
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Table = Shows the results in a table
Chart = Shows the results in a graph

MC = Mineral (modal) composition (by size)

EC = Elemental composition (by size)

PSD = Particle Size Distribution (by mineral)

MD = Mode of occurrence of mineral (by size)

ED = Distribution of element between minerals (lnes

LIB = Cumulative liberation curves (by mineral)

LIM = Mineralogical limiting curves

REC = Recovery of particles by composition (agaiResfterence Stream)
REM = Recovery of minerals by size (against Refeeebtream)

RATE = Flotation rate of particles by composition

X-Axis = Options for X-axis
Y-Axis = Options for Y-axis
Legend = Options for the legend

Figure 62 .Toolbar of the Stream Properties window.
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Figure 63. Mineral composition by size (MC).

Figure 64. Elemental composition by size (EC).
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Figure 65. Particle size distribution (by minerédhSD).

Figure 66. Mode of occurrence of mineral by sixéD}
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Figure 67. Distribution of element between minegals size) (ED).

Figure 68. Cumulative liberation curves of minefiay size) (LIB).
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Figure 69. Mineralogical limiting curve of a mindr@.IM).

Figure 70. Recovery of particle by composition (REC
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Figure 71. Recovery of mineral by size.

Figure 72. Flotation rate of mineral by compositi(RATE).
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Figure 73. Changing the reference stream.



Pertti Lamberg

HSC Chemistry® 7.0

September 9, 2009

45.8. Coding in the column A of the units

In the model, the data is specified in the firduom (column A). The syntax of the code is:

Particles are referred to as
M.P.1 = particle number one (t/h)

The following items are calculated from the padiamount information (M.P.1 — M.P.n) each

time the model is run. They are the propertiesashestream.

The codes are:

45 54

09006-ORC-J

Recovery of element 3 in the stream (against tofalt)

M. M. Size. Mineral. Type. Item
Options
M=mineral M=mineral | 1,2,3... =Integer | 1,2,3... = Integer 1,2,3...= a=amount
E=element | giving the giving the number of | Integer t=t/h
L=liquid number of the the mineral (M) or giving the | w=wt.%
S=slurry size class element (E) class number of | f=fraction (w/w)
P=Particle 0 = all minerals | 0 = all minerals (i.e. | the type r=recovery
(i.e. bulk) bulk) 0 = all types| s=SG
(i.e. bulk) v=volume
For Particle is the Number of particle in
input stream input stream
index
Examples
M. | M. | 0. | 0. 0. a
M.M.0.0.0.a
Total solids mass flow of the stream
M. | M. | 1. | 0. 0. w
M.M.1.0.0.w
Weight percentage of the first size class in aastre
M. | M. | 0. | 2. 0. W
M.M.0.2.0.wt
Weight percentage of mineral 2 in a stream
M. | E. | 1. | 1. - w
M.E.1.1.-.wt
Weight percentage of element 1 in a stream
M. | E. | 0. | 3. - r
M.E.0.3.-.r
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45.9. Functions available in Excel for mineral-based mods

Preparation of the variable list with the Mineratag Set-Up window will bring the
number of variables into the units. Functions dan be entered by the user and will

not function in Excel.

459.1. Stream functions

Function StreamX

Syntax StreamX(StremName;ParticlesRange;Variable)

Examples StreamX(E$6;$E$56:$E$97;$B8)
StreamX(“ROM”;$E$56:$E$97;"Si02")

Explanation Returns the value of the variable, #hg.SiO2 content of
the stream calculated according to particles. Nzt
particle data can be corrected to be in harmony wit
chemical and mineral composition of the bulk fesde(
XX).

Function RecoveryX

Syntax RecoveryX(Variable;StreamName;FeedName)

Examples RecoveryX($B21;E$6;0)

RecoveryX(“Fe";"Zn Conc”;"ROM")
Explanation Returns the recovery of variable ingtream vs. the feed

(or another stream).

The RecoveryX add-in function cannot be used in |the
Target cell, because it is recalculated only a#krthe
calculation rounds have been finished.

45.9.2. Particle functions

Function ParticleRecX

Syntax ParticleRecX(ParticlelD;ModelReference; Talf\éariables)
Examples ParticleRecX(A56;1;Model'B22:F34)

Explanation Returns the recovery value of mineretoading to the

TableOfVariables. Model reference: 1= wt averaggedaon
minerals, 0= returns the value according to partite.
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45.9.3. Fraction functions
Function FractionX
Syntax FractionX(FractionNumber;FractionVariable)
Examples =FractionX(A2;B2)
=FractionX(1;"Label”)
Explanation Returns the value of the variable (lLahewer, Upper,
Average Size) of the Fraction in question
(FractionNumber).

45.9.4. Mineral functions

Function

MineralX

Syntax

MineralX(MineralNumber;Variable)

Examples

=MineralX(A2;B2)
=MineralX(1;"Cu")

Explanation

Returns the value of the variable (dbahelements, S.G
Code, Mineral) of the mineral in questi
(FractionNumber).
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