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MAGNETITE OXIDATION EXAMPLE

Pelletized magnetite (Fe;0,4) ore may be oxidized to hematite (Fe,O3) in shaft furnace. Typical
magnetite content in ore is some 95%. Oxidation is usually done by feeding air to the shaft furnace.
Some excess oxygen is needed to complete the reaction, the free oxygen in Process gas is usually
some 5%. Some 1% of the iron do not react. Coal is used as a fuel to keep the products temperature

at 700 C.

This kind of unit process may controlled by air and coal feeds. The ore feed may be fixed to some 200
t/h. Please create process model of the Shaft Furnace with oxygen and coal controls.

Step 1. Select Distribution (Pyro) Mode
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Fig. 1. Open Sim module and select Distribution Mode.
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Step 2. Draw Unit into Flowsheet
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Fig. 2. Draw unit to flowsheet.

Draw first the flowsheet. Usually it is wise to start from the units. You may use the Unit tool or you
may pick up units from unit icon library from the Units tab.

- Usually it is wise to start from the units and then draw the streams.
- You may select streams with "Select, Streams"
- Add value labels with "Tools, Insert Value Label"
- Insert header label with "Tools, Insert Header Label"
(Header label shows the name of the active variable in the Run mode)
- Relocate labels with mouse to achieve nice visual layout
- Rename Unit name in Process tab, NamelD = Shaft Furnace
- Rename Stream names in Process tab at NamelD row.
- Check also that the Source and Destinations of the streams are OK in the Process tab !

Save flowsheet using "File, Save... dialog !
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Step 3. Draw Streams into Flowsheet
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Fig. 3. Draw streams to flowsheet.

The second step is to draw streams, this must be done using Stream tool on the left toolbar.
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Step 4. Rename Units and Streams
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Fig. 4. Renaming units and streams makes flowsheet easier to read.

You may relocate unit and stream name labels by dragging with mouse. Select unit or stream using
mouse and rename it using NamelD property. This property is used to identify unit and stream
objects. Please use short and illustrative names.
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Step 5. Test Stream Source and Destination
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Fig. 5. Stream "Overlay and Route Check" shows input streams using blue and output streams using
red color.

In this stage it is also good to check streams one by one that the stream Source and Destination
properties are OK. These both must be unit names which exist in the process. Question mark (?)
means that the stream is a raw material or product stream.

An other way to check the Source and Destination is to press "Overlay and Route Check" button
under the top menu. This shows input, output and internal streams using different colors.
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Step 6. Save Process

savens 2| x|
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Fig. 6. One process must be save into own folder.

It is better to save process too often than too rarely because saved process makes you possible to
recover the earlier situation in case of user or computer errors.

It is wise to create own file folder for each process using Create New Folder tool, see Fig 5. Process
name is the most logical name for the file folder also. In this case the folder name is Magnetite and

process name is Magnetite. Process consist of several files and all these files will be saved into this
same folder.

Step 7. Save Backups
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Fig. 7. Save backup selection.

"File, Save Process" selection saves the latest version of the process to the process folder. However,
you may also save process backups which will not be overwritten with the latest versions, just select

"File, Save Backup". You may recover these backups using "File, Backups..." dialog later on. These
backups will be saved into subfolders of your process folder.
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Step 8. Specify Raw Material Streams

Bl sim Unit Editor: Shaft Furnace A 1ol =
File Edit View Insert Delete Format Tools Units  Run
| oz
A B | C b | E | °F G H I J R s |
1 INPUT L
2 Shaft Furnace
3
4 |Flags Input Streams Value Units Amounts Latent H Total H S*T G
5 ko Mm3 krmol Kb Kb Kb Kb
[3 Total Gas 0.00 Mm3t
T Total Condenced 0.00 tih 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 |SRC ? Magnetite Ore 0.00 Hm3h  Amounts Latent H Total H 5*T G
9 DET  Shaft Tempersture 2500 °C ko Mm3 kol Kk Kk Kk Kk
10 Pressure 1.00 kbat
11 [Fix Total 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 | |
13 |SRC ? Coal 0.00 Hm3/h Amounts Latent H TotalH 5*T G
14 |DST Shatt Temperature 2500 =C kg Mm3 krmal i i i i
15 Pressure 1.00 bar
16 |Fix Total 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17
18 |SRC ? Air 0.00 Hm3h  Amounts Latent H Total H S*T G
19 |DST Shait Temperature 2500 °C kg Mm3 kmol Ky Ky Ky Ky
20 Pressure 1.00 kbat
21 |Fix Total 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22
b
| v [s Input A Outpat A Dist A Gontrols A Wodel A, Tank 7 T4 | LIJ
Close | SyncisON | Openstr | Savestr | DelStr |a|w| InsRow | DelRow ShowHide Ron |

Fig. 8. Raw materials on Input Sheet.

You may open Unit Model Editor by double clicking unit icon in the flowsheet using the mouse. The
raw material streams may be found from Input sheet. In the beginning these streams are empty. You
may type species into streams manually or you may read stream contents from the stream database
using "Open Str" button at the bottom of the screen. However, in the begining the sream database is
usually empty, but you may start to save your streams to this database.
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Bl Sim Unit Editor: Shaft Furnace =100 =l
File Edit ‘iew Insert Delete Format Tools Units Run
| ooz |
A | B | C p | E | F H I J R 5 Ll
1 INPUT L
2 Shaft Furnace
3 B
4 |Flags Input Streams Value Units Amounts Latent H Total H S*T G
5 kg Mm3 ktmol Kk Kb kit Kyt
6 Total Gas 0.00 Mm3h
T Total Condenced 0.00 th 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 |SRC ? Magnetite Ore 0.00 Hm3h  Amounts Latent H Total H 5*'T G
9 |DST Shaft Temperature 25.00 °C kg Mm3 kmal Kby Ewh Kt [l
10 Pressure 1.00 bar
11 |Fix Total 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 I
13 I
14 |SRC ? Coal 0.00 Hmih  Amounts Latent H Total H S'T G
15 |DST Shaft Temperature 25,00 °C kg Mm3 kmol K Kiwh Kk ki
16 Preszure 1.00 kbar
17T |Fix Total 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18
19 I
20 |SRC ? Air 0.00 Hmih Amounts Latent H Total H 5'T G
21 |DST Shaft Temperature 2500 °C kg Mm3 kmol Ky Kk kit Ky
22 Prezzure 1.00 bar
23 |Fix Total 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 I
25 I
«| v [\ mput A Output A Dist A Confrals A Model A Tank 7 T4 | b
Close | SyncisON | OpenStr | SaveStr | DelStr |a|w| InsRow | DelRow Show/MHide Run | 4

Fig. 9. Insert empty rows into streams using "Ins Row" button.

The second step is to insert as many rows as you need to the input streams using the "Ins Row"
button. You may also arrance the streams more logical order using Up and Down buttons at the
bottom of the editor if you like. Stream order in the Input sheet has no effect on the flowsheet or

calculati

ons.
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Bl Sim Unit Editor: Shaft Furnace =100 =l
File Edit ‘iew Insert Delete Format Tools Units Run
| Ds [200
A | B | C | o | E | °F G H I J R 5 Ll
1 INPUT L
2 Shaft Furnace
3 B
4 |Flags Input Streams Value Units Amounts Latent H Total H S*T G
5 kg Mm3 kmial Kty Kb Kt kit
6 Total Gas 201 .00 Mm3h
T Total Condenced 0.00 th 199014 201.00 5.97 0.00 -2739.80 10417 -2843 96
8 |SRC ? Magnetite Ore I Zﬂﬂ.ﬂﬂ!t.l'h Amounts Latent H Total H 5*'T G
9 |DST Shaft Temperature 25.00 °C kg Mm3 kmal Kby Ewh Kt [l
10 Pressure 1.00 bar
11 |Fix Total 100.00 wi-% 1959 .56 200.00 592 0.00 -2739.58 10415 -284371
12 Feso4d 95.00 1962.75 18000 5.45 0.00 -2626.69 10261 -2728.30
13 Sio2 5.00 2681 1000 0.45 0.00 -112.589 1.83 11442
14 |SRC ? Coal 1.00 th Amounts Latent H Total H S'T G
15 |DST Shaft Temperature 25,00 °C kg Mm3 kmol K Kiwh Kk ki
16 Preszure 1.00 kbar
17T |Fix Total 100,00 wi-% 0.558 1.00 0.04 0.00 023 0.02 023
18 C 95.00 053 0493 0.04 0.00 0.00 0.0z 0.02
19 Sig2 2.00 0.05 0.02 0.00 0.00 023 0.00 023
20 |SRC ? Air 1.00 Hmih  Amounts Latent H Total H 5'T G
21 |DST Shaft Temperature 2500 °C kg Mm3 kmol Ky Kk kit Ky
22 Prezzure 1.00 bar
23 |Fix Total 100.00 vol-% 1.29 1.00 0.04 0.00 0.00 072 0.72
24 M20g) 79.00 0.9 0.79 0.04 0.00 0.00 0.56 0.56
25 [ ()] 21.00 0.30 0.1 0.1 0.00 0.00 016 0168
«| v [\ mput A Output A Dist A Confrals A Model A Tank 7 T4 | LlJ
Close | SyncisON | OpenStr | SaveStr | DelStr |a|w| InsRow | DelRow | ShowMide | Run | 4

Fig. 10. Specify stream species, compositions, raw material amounts and measure units.

The user have to specify raw material stream species as well as their compositions and temperatures.

If the feed amount is not available then some initial value like 1 t/h is good to specify, especially if this
raw material will be used within some control.

It is also important to specify the measure units for the streams. Valid selections are:

- th
- kg/h

- Nm3/h (only for gases)
This selection is made in Sim 7.0 by typing the measure unit into column E.
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L unit Editor: Shaft Furnace.UNI I ] 5|
File Edit Wiew Insert Delete Format | Tools Units Run
| oa IQDD Update Formulas of Selected Unit l
Lpdate Formulas of All Units
A | B | c Drawe Missing Lnits " H ! J R il =
1 INPUT Draws Missing Skreams s
2 Shaft Furnace Remove Useless Streams
3
4 |Flags Input Streams DCCelalasts LatentH  Total H S*T G
£l Elemnent Balances LS il el (85 [85R0 (8%
[3 Total Gas
T Taotal Condenced Protection... 42.04 1068.00 000 -29646589 1054555  -307010.21
& |SRC ? Magnetite Ore Protection ON Latent H TotalH $*T G
9 |DST Shaft Temperature Protection OFF Mm3 kmol K ki ki K
10 Pressure .
. Options. ..
11  |Fix Total Add-Ins. .. 40 .60 957 .03 000  -2963581 67 1050489 306858537
12 Fes04d 36.75 52060 000 -254271.50 993324 264203567
13 Sio2 5.00 1000000 385 166.43 0.00 421017 571 64 4268170
14 |SRC ? Coal 1.00 th Amounts Latent H TotalH 5*'T G
15 |DST Shaft Temperature 2500 °C ko Hm3 kmol kit kit kit kit
16 Pressure 1.00 bar
17 |Fix Tatal 100.00 wwt-% 1000.00 0.44 G51.92 0.00 -4 22 539.94 S12412
18 [ 9300 95000 0.43 3159 0.00 0.0a 38.80 -38.76
19 Sio2 2.00 20,00 0.0 0.33 0.00 -04.22 1.14 5536
20 |SRC ? Air 1.00 Hm3h  Amounts Latent H TotalH S*T G
21 |DST Shaft Temperature 2500 °C kg Mm3 kmal kKt Kt kvt Kby
22 Pressure 1.00 bar
23 |Fix Total 10000 wol-% 1.24 1.00 0.04 0.00 0.00 072 072
24 205 79.00 0.99 0.79 0.04 0.0a 0.0a 0.56 -0.56
25 02y 21.00 0.30 0.21 0.01 0.00 0.00 0.18 0168
4| v [ nput A Qutput A Dist A Controls A Model & Tank / T4 | LlJ
Close | sSyncisON | Openstr | SaveStr | Delstr |a|w| InsRow | DelRow ShowHide Run | 4

Fig. 11. Update automatically formulas in columns F ->.

The user has to specify streams within the columns C, D and E. The other columns contains data
which is automatically generated when option "Tools, Update Formulas of All Units" is selected. This
option may be selected any time but it is recommended to use before filling Dist and Controls sheet.

This options regenerates all the calculation formulas outside columns C, D and E. Update routine
uses flags in columns A and B to create the formulas, therefore please do not edit columns A and B if
you do not know what you are doing. If you want to add your own variables, you may add additional
rows after the species rows of the streams and use "O" flag in column A which prevents the routine to

create formulas to this row.
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Step 9. Specify Output Streams
HT Unit Editor: Shaft Furnace.UNI =10l x|
File Edit “iew Insert Delete Format Tools Units  Run
| D9 [700
A | B | C p | E | F H I J R 5 Ll
1 OUTPUT L
2
3 B
4 |Flags  OQutput Streams Value Units Amounts Latent H Total H S*T G
5 kg Mm3 kmial Kty Kb
6 Total Gas 0.00 Mm3h
T Taotal Condenced 0.00 th 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 |SRC ShafiProcess Gas 0.00 Hm3h  Amounts Latent H Total H 5T G
9 DsT 7 Temperature ?DD.DD."C kg Mm3 kmal Kby Ewh
10 Pressure 1.00 bar
11 [Fix Tatal 0.00 vol-% 0.00 0.00 0.00 0.00 0.00 0.00 0.0o
12 N2(ef) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 C2(g) 0.00 000 000 000 0.00 0.00 0.a0 000
14 COfg) 0.00 000 000 000 0.00 0.00 0.00 000
15 CO2(0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 |SRC Shaft Hematite Pellets 0.00 t'h Amounts Latent H Total H 5*'T G
17 |DsT 7 Temperature 700.00 °C kg Mm3 kmal ki K
18 Pressure 1.00 bar
19 [Fix Tatal 0.00 wi-% 0.00 0.00 0.00 0.00 0.00 0.00 0.0o
20 Fe23 0.00 000 000 000 0.00 0.00 0.a0 000
21 Fe3o4 0.00 000 000 000 0.00 0.00 0.a0 000
22 Si02 0.00 000 000 000 0.00 0.00 0.00 000
23 C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-
| ¥ [N Inpuat A Output A Dist A Confrals A Model A Tank 7 T4 | LlJ
Close | SyncisON | OpenStr | SaveStr | DelStr |a|w| InsRow | DelRow Show/MHide Run | 4

Fig. 12. Output streams must be specified in the Output sheet.

The user must specify the species and temperature of the output streams. First insert so many rows
as you need for the stream, then type the species into column C. Please do not forgot to specify also
temperature of the stream in column D.

The Output and Dist sheet streams have been synchronized with each others. This means that when
you type species into Output sheet then they will appear also into Dist sheet.
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Step 10. Create Model
B]II Sim Unit Editor: Shaft Furnace oy ]
File Edit ‘iew Insert Delete Format  Tools  Units Run
| A0 [o
A B | [ | | R [ s | X | v | A0 | BE cA cH | bpc | -
1 DISTRIBUTIONS  Total H S*T G Elements (o Fe N 0 Si —
2 Kty %] "]
3 Qutput Streams Shift.
4 |Flags BALANCE 288279.95  4644.28 292922.60 Balance kg 0.00 -137483.73 0.99 55244.64 4683.70
5 Irpaut -296465 89 1054555  -307010.21 Inpt ki 95000 137483.73 0599 5785257 4653.70
1] Cotpout -5155.94 5801 27 -14057 61 Ot ot ko 950.00 0.00 0.00 260323 0.00
T TOTAL it - 10000 0.00 0.00 0.00 0.00
& [SRC ShafiProcess Gas Distributions wt-% 99.90 0.00 0.00
3 |DST Temperature Rest
10 Pressure Amount ky a79.02 0.00 000
11 |Fix Total 10000 0.00 #DIN 0
12 M2rgg) 0.00
13 o) 0.00
14 o) Fixed < 0.00 0.00
15 CO2(g) Rest C 100.00 DI
16 |SRC Shafl Hematite Pellets Distributions wit-% .10l 0.00 0.00 0.00 0.00
17 |DsT 7 Temperature Free
18 Pressure Amaount 0.00 0.00 0.00
19 |Fix Total 0.00 0.00 0.00 0.00
Float
20 Fe203 et 0.00 0.00
il Featd .00 0.0o
22 S0z 0.0 0.0o
23 [ Rest L 100.00 -
|4 | » [ Input A Ouiput A, Dist /4 Conirals A hodel A Tank /. 4] | v
Close | SyncisOM | OpenStr | SaveStr | Delstr |a|w| insRow | DelRow Show/Hide Run | 4

Fig. 13. Element distributions must be specified on the Dist-sheet.

Sim Distribution mode calculates automatically total input amounts for the input streams and converts
these to elements. The user must specify on the Dist-sheet, how these elements will be distributed:

A) into output sreams
B) into species within one stream

The Popup list tool may be used in the specification procedure. This tool is automatically opened

when you click cell where the operation is possible. The options are:

Free
No specifications.

Fixed
The distribution is fixed with constant %-value or Excel-type formula.
Only constant value cell may be used as variable in Controls sheet !

Rest
When all the specifications has been done for certain element then the rest of the element
must go to one specie and one phase.

Float
This option means that current cell has been automatically specified by the other elements
like metals. Oxygen, sulfur, etc. are usually wise to specify as floating elements.

Inert

Phase or species are inert and do not take part into the reactions. They go straight from Input
sheet to Output sheet. Please use "Insert, Fix Inert Stream" dialog to specify inert streams. In
Sim 7.0 it is not yet possible to specify inert species rows.
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Hlt Sim Unit Editor: Shaft Furnace =10l =|
File Edit Wiew Insert Delete Format Tools Units Run
| CH1a  [=100-CcHis-CHIS
A B | [ | J | R [ s | X | v | a0 | BE | ea | ci | pc |-
1 DISTRIBUTIONS  Total H S*T G Elements C Fe N 0 Si —
2 ki L] ki
3 Output Streams Shift
4 |Flags BALANCE 305591 64379.02 67438.32 Balance kg 0.00 0.00 0.00 0.00 0.00
5 Ingaut -296465 89 10545.55  -307010.21 Infut key 98000 13748373 093 5785287 468370
6 Cutput -299:521 .50 7492437 37444553 Ciutput kg 950.00 137453.73 0.93 57532.87 4653.70
T TOTAL -9 100.00 100.00 100.00 100.00 100.00
8 |SRC ShafiProcess Gas Distributions ~ wt-% 99.90 0.00 100.00 11.23 0.00
9 |DsT Temperature Rest Rest Rest
10 Pressure Amourt kg 979.02 0.93 -6495.59
11 |Fix Total 100,00 000 100.00 100,00 000
12 M2(g) Rest M 100.00
13 ) Rest a Ta0.14]
14 CO) Fimed C 0.00 Free
15 C02(g) Rest c| o000 Fized
16 |SRC Shafl Hematite Pellets Distributions ~ wt-% 0.10 100.00 0.00 {15 100.00
1T |DsT 7 Temperature Fixed Rest Inert Rest
18 Pressure Amourt kg 088 13748373 F4351 46 462370
19 |Fix Total 100,00 100.00 000 100,00 100,00
20 Fe203 Rest Fe 99.00 90.29
2 Fea0d Fixed Fe 100 naz
22 Si02 Rest Si 629 100,00
23 o Fest C 100.00 =
4| »[5 Input A Output A Dist A Controls A Model A Tank / 4] | LlJ
Close | Syncison | openstr | savestr | Deistr |a|w| mnsRow | DelRow | ShowMide | Run | 4

Fig. 14. Specify element distribution one by one, start from metals and end with oxygen. Usually,
oxygen, sulfur and chlorine, etc. will be floating elements which are automatically specified by metals.

These specifications may be done in several ways but the following procedure is recommended:

1) Specify distributions for each element one by one. Start from the metals and carbon, specify sulfur
and oxygen distributions at the end, because quite often metal and carbon distributions automatically
fix the behaviour of the sulfur and oxygen.

2) Specify the stream distributions first. For example, for carbon (Fig. 13):

- Click cell AO8 and select "Rest" this will insert rest of the carbon to Process Gas

- Click cell AO16 and select "Fixed" and type 0.10 into cell. This means that 0.1 % of the carbon goes
to Hematite Pellets.

- etc.

The final Dist sheet should look like printscreen image on Fig.14. All the element balances on row 4
should be zero. However the enthalpy balance H may be any value. Heat balance is usually fixed
using controls.
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Step 11. Create Controls

Controls are often used to regulate distribution values, output stream compositions and heat
balances. For each control we have to specify

1) The target cell and some Set Point value for this cell
2) Variable cell which is used to regulate the target cell

The most important is that the variable cell must have some effect on the target cell of the control. If
this is not true then control do not work. The situation is exactly the same when we control real
processes and plants.
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Hlt Sim Unit Editor: Shaft Furnace =10l =|
File Edit Wiew Insert Delete Format Tools Units Fun
| D13 I=1DU*G13;"G11
A B | C D | E F G H 1 J R s X -
1 OUTPUT L
2
3
4 |Flags  Output Streams Value Units Amounts Latent H Total H S*T G ELEMENTS
5 kg Mm3 kmal Kwwh kit Total - Inerts
6 Total Gas -4551 16 MNm3h Total - Inerts
T Total Condenced 206.52 th 201001 .29 -4509 50 11590.59 33791.01  -299521 50 74924 57 37444553 Total
8 |SRC ShafiProcess Gas -3551.116 Hm3h  Amounts Latent H Total H S*T G ELEMENTS
9 |DST % Temperature T00.00 °C kg Mm3 kmol Kwh 0] Analyse
10 Pressure 1.00 bar Total
11 |Fix Total 100.00 val-% -5515.55 -4551 16 -203.05 -997 .52 -59907 18 -12764.02 2856 .25 Total
12 M2(cp) -0.02 0949 0.79 0.04 020 0.20 217 -1 .96
13 02y 14016 -9106.82 -5375.58 -284 B0 172118 -1721.18 -18666.93 16945 .55
14 COlg) oo Copy 0.00 0.00 0.00 0.00 0.00 Q.00
15 CO2(g) -401,  Paste 52694 81.51 72345 -8186.20 250074 -14057 34
16 |SRC Shafl Hematite Pellets 206.5,  Paste Yalues Latent H Total H S*T G ELEMENTS
17 |DsST 7 Temperature 70001 Paste Formulas Mm3 kmal Kivh Ktk Analyse
18 Pressure 1.0 of Total
19 |Fix Total 100.01 Paste el Ref 41 56 1393 64 3478554 -259614 B2 G7685.59 -377304.51 Total
20 Fe203 942 3714 1218.59 F2444 500 24721 26 §16582.61 -3285905.25
| Fe3td 049; Replace... 0.37 5.21 32615 -22BA7 85606 -3072 .37
22 Si02 43  GoTo.. 385 16677 2017.34 -4 7T 03 %149.40 -45526 .91
23 [ 0. Formula Mavigator. .. 0.00 0.0a 025 0.25 0535 -0.27 -
4| » [ Input_A, Output 4 Dist A Contrals A wc__Fename Unit... T4l LlJ
Close | sSyncison | openStr | SaveStr | DelStr | ﬂ v| inskrow | Delkow | Showide | Run | ~

Fig. 15. The first control may be used to control the oxygen level in
to click this cell with mouse and select "Copy Cell Ref".

Process gas. Then the first step is

[T sim unit Editor: Shaft Furmage =lol x|
File Edit Wiew Insert Delete Format Tools Units  Run
| D1z [=OutputiD13
A | B | c | E F G H 1 4 K L M N -
1 CONTROLS Fiun |
2
3
4 Control Number
5
6
T
3 Y TARGET HAME
9 Process Unit
10 Measzure Unit
11 Set Point
12 Meazured 14016
13 Tolerance +i- Copy
14 Paste
X VARIABLE HAME Paste Values
i Paste Formulas
16 Process Unit
17 Measure Unit Copy Cell Ref
18 Walue F
19 * Min Limit Replace, .
20 ¥ Wz Limit
2 ¥ May: Step GoTa..,
22 Formula Mavigator. ..
23 CONTROL METHOD Rename Linit... hd
| ¥ [S Input A Output A Dist A, Controls A Madel A Tank 7 lal | Ll_l
Close | SyncisON | OpenStr | SaveStr | DelStr |a|w| <Move | Move> | Showtide | Run | 4

Fig. 17. The target cell reference may just be typed into cell D12 or it can be pasted using "Paste Cell
Ref" selection.
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M‘ Sim Unit Editor: Shaft Furnace =100 x|
Flle Edit View Insert Delete Format Tools Units  Run
| D2 |1
A |B | [ p | E | °F G H I J R s B
1 INPUT -
2 Shaft Furnace
3
4 |Flags Input Streams Value  Units Amounts Latent H Total H $*T G
5 ki Mm3 kmal Kty Kk Kk kit
6 Total Gas 1.00 Nm3h
7 Total Condenced 201.00 th 201001 29 42,04 1069 .00 000 -296465.89 1054555  -307010.21
8 [SRC ?  Magnetite Ore 200.00 th Amounts Latent H Total H ST G
9 |DST Shaft Temperature 25.00 °C ko Mm3 kmol [ Kt kiyh Kt
10 Pressure 1.00 bar
1 [Fiz Total 100.00 wi-3% 200000 .00 4060 957 03 000 -296381 67 10504.839  -306885.37
12 Fe304 95.00 19000000 36.75 520 60 000 -254271.50 993324 26420367
13 S0z 5.00 10000.00 385 16643 000 -4211047 57164 -42681.70
14 |SRC ?  Coal 1.00 th Amounts Latent H Total H S*T G
15 |DST Shaft Temperature 2500 °C ki Mm3 kmol ki K kit Ky
16 Preszure 1.00 bar
17 |Fix Total 100.00 wi-% 1000.00 0.44 &1.92 0.00 -54.22 39.94 12412
18 C 595.00 950.00 0.43 &1.59 000 0.00 35.80 -38.76
19 02 2.00 2000 0.01 0.33 0.00 -54.22 1.14 -55.36
20 |SRC ? Air I 1,000 —~~ =S Latent H Total H S*T G
21 |DST Shaft Temperature 250 oo hm3 kmal K Kivh Kivh Kivh
22 Pressure 1.00 PRl
23 |Fix Total tpppg  Deste Values 1.00 0.04 0.00 0.00 072 072
24 NZ2(g) 79 00 07 004 0.00 000 0.58 056
25 Q2(g) 21.00 0.2 0.m 0.00 0.00 016 046
| » [\ iInput A CQutput A Dist A Confrals A Mo Paste Cell Ref 1] | LIJ
Close | Sync is ON | Open 5tr | Save  peplace.., ﬂ Ins Row | Del Row | ShowHide Run | v
Fig. 18. Air feed is wise to use to control Process Gas oxygen content.
Hl sim Unit Editor: Shaft Furnace 1ol x|
File Edit Wiew Insert Delete Format Tools Units  Run
| D18 [=hputiD20
A B | C | E F G H I K L M N~
1 CONTROLS Fiun _
2
3
4 Control Number
5
[3
T
8 ¥ TARGET HAME
9 Process Unit
10 heazure Unit
11 Set Poirt
12 Measured 14016
13 Talerance +/-
14
15 X VARIABLE HAME
16 Process Unit
17 Meazure Unit
18 alue 100 %
19 ¥ Min Limit . G
20 ¥ M Limit Paste
21 ¥ Max Step Paste Yalues
22 Paste Formulas
23 CONTROL METHOD
21 Active | Copy Cell Ref
25 terations Max Limit | Re -
4| » [ Input A Output A Dist A, Controls 4 Wi Replace... | | LlJ
Close | SyncisON | openstr | sm J ﬂ <Move | Move-> | Showide Run | 4

Go Tao...

Fig. 19. Air feed is wise to use to control Process Gas oxygen content.
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Hl} sim Unit Editor: Shaft Furnace 10| x|
File Edit Wiew Insert Delske Format Tools Units  Run
. o s
A|B | C | b E | F | 6 | H | kK | L | m |-
1 CONTROLS Run ]
2
4 Control Number
5
6
7
8 Y TARGET NHAME 02 in Output
9 Process Unit Shaft Furnace
10 Measure Unit viol-%%
11 Set Pairt I |
12 Messured 14016
13 Tolerance +/- 010
14
- X VARIABLE HAME Air Feed
16 Process Unit Shaft Furnace
17 Messure Unit M3
18 Walue h 1.00
19 ¥ Wim Lirmit 13000.00
20 ¥ Max Limit 100000.00
2 ® Max Step 3
22
23 CONTROL METHOD Auto
24 Active 3
25 terations hax Limt 500
26 terations hin Limit 3
27 Operstion 1 -
| v [ Input A Cutput A Dist A, Controls A Model A Tank / KN 3
Close | SyncisON | oOpenstr | SaveStr | Delstr |a|w| <Move | Show/Hide Run | 4

Fig. 20. The last step is to type manually the Set Point value to the control.

It is recommended to fill also the other rows because these help to understand how the control

operates. Especially it is wise to give some reasonable min and max limits for the variable.

Now the control is ready and you may test it by pressing green Run button on row 1. Quite often you

need to press several times to get the measured value to reach the set point.
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Fig. 21. Pressing green Run button at row 1 with mouse right button will open Control Monitor which
shows the shape of the control function. This tool may be used to find reasonable min and max values
to the variable.
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Fig. 22. The next control will be made to regulate the heat balance.

Fig. 23. Paste Cell Ref of the heat balance to the second control.
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Fig. 24. Heat balance may be controlled with the Coal feed.

Fig. 25. Paste heat balance cell ref to the second contol as a variable.
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Fig. 26. Give set point to the second control and fill in also other rows. Then press green Run button
at row 1 to test the control operation.
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Step 12. Add Value Labels and Header

Fig. 27. Select streams with "Select, Streams".

Fig. 27. Insert value labels to streams using "Tools, Insert Value Label" selection.
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Fig. 28. Insert Header label using "Tools, Insert Header Label" selection and rearrance labels with
mouse to feasible locations. Now the process model is ready for testing.
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Step 13. Run Process Model

Fig. 29. The process model is now ready and you can start simulation by pressing Run button or by
selecting, "Run, Start Simulation”.
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Fig. 30. Press several times Calculate button to reach steady state.

If the process do not have controls and/or recycling streams then you need to calculate only one
round. However, more rounds are usually needed when having controls, several units and recycling

streams to reach the steady state.

You may just press Calculate button and follow the changes of stream compositions, when they do
not anymore change the steady state has usually been reached. It is also wise to check the controls,
see Fig 31, they are OK if the set point has been reached within the tolerance.
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Fig. 31. Controls are OK if the the set point has been reached within the given tolerance.
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Fig. 32. The element balances and behaviour may be seen when Element selection has been made.
In this image Oxygen has been selected, then diagram shows the behaviour of oxygen within the
process.



