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Abstract 

This report presents the results of filtration tests for the slag based precipitated calcium 
carbonate (slag2PCC) manufactured at the pilot plant of Aalto University. Two kinds of 
material were tested, one with the calcite type crystal structure, and one with the aragonite 
type structure. The tests were performed at Outotec Lappeenranta, where the materials 
arrived in a slurry form from Aalto. The lot sizes were about 10 kg of solids of both PCC 
types. The tests included pressure filtration and vacuum filtration, and the selected test units 
were Labox 100 and Büchner, respectively. The series contained altogether 21 different 
filtration cycles with varying combinations of filtering, washing, and drying steps. The filtered 
cakes were analyzed by their residual moisture content, chloride content and conductivity, 
and the filtrates by their residual solids content, chloride content and conductivity.  
 
The objective of the test work was to determine the maximum filtration capacities of the PCC 
slurries, as a function of the thickness, moisture content and residual chloride content of the 
filtered cakes. The detailed information on the test procedure, and the results obtained are 
given in Appendix A. The results are summarized in the following text. 
 
Both PCC slurries are easy to filter with both Outotec technologies, i.e. with pressure filtration 
and with vacuum filtration. Filter cloths AINO K11 (pressure filtration) and ARTO S11 
(vacuum filtration) gave very clear filtrate for both slurries. The solids content of the filtrates 
were <10 mg/l and 10-15 mg/l, respectively. 
 
Calcite was filtered at room temperature and wash liquid temperature was also ~20 °C. 
Outotec Larox pressure filtration technology gave a high capacity and a low cake residual 
moisture content. Wash liquid penetrated the cake easily, even with a low wash water 
pressure. Washing can be performed either directly after the slurry feed, or after intermediate 
pressing. Compared to pressure filtration, vacuum filtration gave even higher capacities for 
the filtration of calcite slurry. On the other hand, the cake residual moisture stayed higher. 
Solids washing can be successfully performed also with Outotec vacuum filtration 
technology.  
 
The cake residual chloride content and conductivity drop, when performing solids washing, 
are shown in the figure below. The chloride content of the calcite cake can be dropped from 
10000 ppm to ~10 ppm with 2 l/kg D.S. wash ratio.  

 

 
Cake conductivity and residual chloride content with different wash ratios of calcite slurry. 
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Aragonite slurry was heated to ~55 °C for the tests, which is the same as the production 
temperature of the material. Also for this slurry, high capacities were achieved with both 
filtration technologies. Pressure filtration gave lower cake residual moistures than vacuum 
filtration, but also lower filtration capacities. Different from the calcite slurry, room 
temperature water could not be used for solids washing because the wash liquid did not 
penetrate the cake. With 50°C wash liquid, washing could be performed successfully with 
both filtration technologies. Cake residual chloride content with pressure filtration technology 
was dropped from original ~5700 ppm to 109 ppm with 1.4 l/kg D.S. wash ratio. With vacuum 
filtration, the chloride content was dropped from >13 000 ppm to 127 ppm with 2.0 l/kg D.S. 
wash ratio. The cake residual chloride content and conductivity drop, as a function of solids 
washing are shown in the figure below. 
 

 
Cake conductivity and residual chloride content with different wash ratios of aragonite slurry. 

 
Further testing of both PCC grades is recommended for wash liquid consumption evaluation 
more accurately. Further tests for pressure filtration are recommended to be performed with 
a bigger test unit, such as PF 0.1. This is due to easier control of the wash liquid volumes 
used, because the wash liquid penetrates the cakes very easily. 
 
The desired chloride content of the cake can be achieved with quite a small washing water 
amount, and the filtration rate is fast, around 350 kg/(m2h) (dry solids). What is noted from 
the test work is that aragonite gave higher chloride concentration (around 100 ppm) in the 
cake than calcite (around 10 ppm). This is probably due to the particle size (P50 41 µm and 
P80 84 µm for calcite and P50 27 µm and P80 50 µm for aragonite) but also the crystal 
morphology might have some effect on the result. If the higher chloride content of aragonite 
cake is due to the particle size it means that a lot more efficient washing is needed if finer 
PCC is produced. 
 
The equipment size for 20 t/h PCC production (160 000 t/a) would be a 57 m2 filter, which  
is very small. A rough estimate for the total investment for that size of a filter is less than     
1 million euros depending on the filter type. In this case it is desired to have a good washing 
result so the cheapest filter types are not an option. 
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1. GENERAL INFORMATION 
 
ORC has been in co-operation with VTT on PCC slurry filtration tests. Continuation of these tests 
was performed in Lappeenranta. VTT research report VTT-R-00372-14 results were used as a 
basis for this test campaign. The test material was produced at the pilot plant of Aalto University. 
 
 
2. OBJECTIVE OF TESTS AND SELECTED TEST EQUIPMENT 
 
Objective for the test work was to determine: 
-  cake thickness 
- maximum filtration capacity 
- moisture content of the cake  
- cake handling 
- washing of chlorides from the cake  
 
Selected test units were Labox 100 (pressure filtration) and Büchner (vacuum filtration), because of 
the sample size and easy filterability of the slurry. 
 
 
3. CUSTOMER PROCESS DATA AND SIMPLIFIED FLOWSHEET 
 
NA. 
 
 
4. PRODUCTION DATA REQUIREMENTS 
 
Solids quantity:  as high as possible 
 
Filter cake: 
 
- cake moisture  as low as possible 
- contains   minimum amount of chloride with reasonable wash liquid 
      consumption 
 
Filtrate: 
 
- clear filtrate 
 
 
5. DESCRIPTION OF FILTRATION PROCESS AND SIMPLIFIED FLOWSHEET 
 
In pressure filtration, the slurry is fed into the filter chamber by pumping. After pumping, the excess 
liquid is pressed out of the slurry inside the chamber (1st pressing). Pressure is produced by 
pumping water or air over a pressing diaphragm that expands and presses the slurry. After the 1st 
pressing, solids can be washed if needed. In solids washing, the wash liquid is fed into the empty 
space inside the chamber that has been created with 1st pressing. Then the wash liquid is pressed 
through the cake in 2nd pressing. After the cake has been pressed, the cake is air dried with 
pressurized air. Pressure filtration process is shown in picture 1. Labox 100 test unit is shown in 
picture 2. 
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Picture 1. Pressure filtration cycle. 
 

 
Picture 2. Labox 100 test unit. 
 



 

Test Report 
September 22, 2015 

15093-ORC-T 

 
Appendix A 

 

Research Center, Pori Confidential 4 / 25 

 

 
 
 
 

 

Outotec Larox® Büchner (BVB) test unit is used to simulate vacuum filtration. The test unit is used 
by pouring slurry sample into the cylinder, and then vacuum is applied to the slurry underneath the 
cake and the filter cloth. The time when there is excess water on the cake is called filtration time. 
When excess water has been sucked out of the cake, the vacuum is cut off, mother liquid is 
collected and then the cake can be washed. Washing is done by returning the vacuum on and by 
pouring the wash liquid on the cake with a spoon to ensure equal distribution of the washing liquid. 
When there is no more washing liquid on the cake surface, the cake drying begins. Washing can 
be performed in multiple stages and also in co-current or counter current mode. Büchner test unit 
is illustrated in picture 3.  
 

 
Picture 3. Outotec Larox® Büchner (BVB) test unit. 
 
 
6. TEST – PRODUCT AND WASH LIQUID DATA 
 
Kind of process/product 
- Product   : Slag PCC  
- Operation  : Dewatering  
 
Slurry      Calcite  Aragonite                
- Temperature  : amb   ~55   oC 
- Density   : 1145   1307   g/l 
- Solids content  :  24.8   40.2   wt% 
- pH   :  7.3   7.2 
- Solids phase 
 Composition  : PCC 
- Liquid phase 
 Composition  : NH4Cl 
   
Wash liquid 
- Composition  : Lappeenranta tap water  
- pH   : neutral 
- Temperature  : 24   50   oC  
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7. FILTRATION TEST DATA 
 
The filtration test data of all the individual tests is given on the enclosure pages (p. 17-20). 
 

Calcite 
 
Outotec Larox PF (pressure filtration): 

The following results are achieved with a chamber height of 60 mm by using AINO K11 filter cloth. 

- Specific filtration rate  398.8 kgDS/m2h 
- Residual filter cake moisture    11.9 % w/w 
- Average drying air consumption 25 l/min 
- Solids in filtrate   <10 mg/l 
- Cake thickness   42 mm  
- Wash water consumption  1.8 l/kg DS 
- Wash result in cake  52 µS 
- Cake chloride content  10 ppm 

The following filtration cycle parameters are illustrated in the test datasheet in test run #7 on page 
17 (see enclosure).  

- Total cycle time   8.5 min 
- Pumping time in test unit  1 min 
- Cake washing   1.5 min 
- Pressing II   1 min 
- Air drying   1 min 
- Technical time   4 min 

 
- Pumping pressure  4 bar 
- Cake washing pressure  2  bar 
- Pressing pressure II  12 bar 
- Air drying pressure  at start 3 bar 
  after 1 min 3 bar 

 
Outotec Larox RT / RB-SV / RT-GT (vacuum filtration): 

The following results are achieved by using the filter cloth quality ARTO S11 filter cloth.  
 

- Test capacity    629 kgDS/m2hr 
- Solid content in filter cake  78.9 %wt 
- Cake thickness   21  mm 
- Wash ratio   0.9 l/kgDS 
- Wash result   103 µS 
- Cake chloride content  252 ppm 
- Vacuum: 

- Separation  0.5 bar 
- Washing  0.5 bar 
- Drying  0.4 bar 

- Air flow   15 l/min 
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The filtration parameters are illustrated in the test run #9 on page 18 of the attachment.  
 

- Separation   44 s 
- Intermediate drying  10 s 
- Washing   20 s 
- Drying   60 s 

 

Aragonite 
 
Outotec Larox PF (pressure filtration): 

The following results are achieved with a chamber height of 60 mm by using AINO K11 filter cloth. 

- Specific filtration rate  453.1 kgDS/m2h 
- Residual filter cake moisture    13.7 % w/w 
- Average drying air consumption <10 l/min 
- Solids in filtrate   <10 mg/l 
- Cake thickness   52 mm  
- Wash water consumption  1.4 l/kg DS 
- Wash result in cake  110 µS 
- Cake chloride content  109 ppm 

The following filtration cycle parameters are illustrated in the test datasheet in test run #15 on page 
19 (see enclosure).  

 
- Total cycle time   9.5 min 
- Pumping time in test unit  1 min 
- Pressing I   0.5 min 
- Cake washing   1.5 min  
- Pressing II   1.5 min 
- Air drying   1 min 
- Technical time   4 min 

 
- Pumping pressure  4 bar 
- Pressing pressure I  8 bar 
- Cake washing pressure  6  bar 
- Pressing pressure II  12 bar 
- Air drying pressure  at start 6 bar 
  after 1 min 6 bar 
   

 
Outotec Larox RT / RB-SV / RT-GT (vacuum filtration): 

The following results are achieved by using the filter cloth quality ARTO S11 filter cloth.  
 

- Test capacity    611 kgDS/m2hr 
- Solid content in filter cake  74 %wt 
- Cake thickness   48  mm 
- Wash ratio   2 l/kgDS 
- Wash result   174 µS 
- Cake chloride content  127 ppm 
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- Vacuum: 
- Separation  0.5 bar 
- Washing  0.5 bar 
- Drying  0.5 bar 

- Air flow   10 l/min 
 

The filtration parameters are illustrated in the test run #21 on page 20 of the attachment.  
 

- Separation   52 s  
- Intermediate drying  10 s 
- Washing   193 s 
- Drying   60 s 

 
 
8. ANALYSIS OF SAMPLES 
 
Particle size distributions of the test materials (PCC calcite and PCC aragonite), measured by a 
laser particle size analyzer, are presented on the enclosure pages (p. 21-22). 
 
The moisture contents of the filtered cakes were analyzed from approx. 50 g filtered samples (wet 

samples) which were dried in a laboratory oven at 60C in air. The drying time was 38 h 15 min. 
The moisture contents were calculated from the mass losses of the samples. The results are given 
in Table A on the enclosure pages (p. 23). 
 
Filtrate solids content was measured by pouring 100 ml of filtrate through filtrate paper. Paper with 
solids on was then dried in the oven overnight at 105 °C and weighed. Filtrate conductivities were 
measured with HANNA instruments conductivity meter. Cake conductivity was measured after 
mixing dry cake in ratio 1:1 with distilled water.  
 
Cake chloride contents were measured by ORC. The chloride contents of the filtered cakes were 
determined as follows. A sample (approx. 10 g) was mixed with 100 ml (= 100 g) ion exchanged 
water. The suspension was stirred vigorously with a magnetic stirrer for 60 min. The suspension 
was filtered and the chloride content of the clear water solution was analyzed by an ion 
chromatograph (IC DX-120). In the case of the lowest chloride contents (cakes #6, #7, #10, #11), 
potentiometric titration with AgNO3 was used instead of ion chromatography. In these analyses, 
increased sample weights (approx. 25 g) were also used. 

 
The chloride contents corresponding to both wet cake and dry cake were calculated from the 
analyzed chloride content of the solution. The assumption for measuring the chloride contents by 
this manner was that all the chlorides in the filtered cake are water-soluble. It was also assumed 
that the chlorides were situated on the particle surfaces, and not locked inside the particles, so 
they were able to dissolve into water during stirring of the suspension. Two stirring times (30 min 
and 60 min) were tested before starting the analysis series, and they were found to give almost 
identical results. For the analysis series, the longer stirring time (60 min) was adopted. The 
analyzed chloride contents of the filtered cakes are presented in Table B on the enclosure pages 
(p. 24). 
 
The chloride contents of the wash filtrates were analyzed by ion chromatography. The results are 
given in Table C on the enclosure pages (p. 25). 
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9. EXPLANATION OF TESTS 
 
Slurry samples arrived in Lappeenranta in plastic containers. Slurry containers were not sealed 
properly and some of the liquid had been lost during transportation. Slurry was diluted when 
needed, with NH4Cl liquid that was delivered with the slurry samples. Picture 4 shows the sample 
containers. 
 

 
Picture 4. Container that had the slurry on the left, and container for the dilution liquid on the right. 
 
Calcite 
 
Test work began with calcite slurry. Slurry solids content was measured to be 60 % wt after some 
liquid had been lost during the transportation. Slurry was diluted with NH4Cl solution to 24.8 % wt 
for the tests.  
 
First tests were performed with Labox 100 pressure filter. Run #1 was performed with 33 mm 
chamber and with filter cloth AINO K11 that had been found to be the best in VTT research report. 
Slurry filtered very easily and chamber was full after ~40 seconds of pumping. Pumping was 
continued for 1.5 min. Pressing and drying were not performed due to a leakage in pressing air in 
the test unit caused by a mishap in the unit assembly. Cake solids content was above 70 % even 
without pressing and drying. Picture 5 shows the cake from test run #1. 
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Picture 5. Cake from test run #1. 
 
Test run #2 was performed with 60 mm filter chamber as it was seen that slurry is easily filtered. 
Pumping pressure was also reduced to 4 bars for this reason. Chamber was full before 1 min slurry 
feed was performed. Pressing was then performed with 16 bar pressure for 1.5 min though after 30 
seconds of pressing not much filtrate was collected. Pressing was followed by 1 min air drying with 
4 bar pressure. Test resulted a hard cake with 12 % moisture content. 
 
Büchner vacuum filtration tests were included as it was seen that the slurry is very easy to filter. 
Test runs #3-4 were performed with Büchner without solids washing. Filter cloth was ARTO S11 
(tightest filter cloth for Büchner at the moment) and vacuum was 0.5 bar. Run #3 was performed 
with 500 ml slurry sample and run #4 with 1000 ml sample. This was done to optimize the filtration 
capacity. Bigger slurry sample gave much higher capacities and was therefore selected for further 
tests. Picture 6 shows the cake from test run #4. 
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Picture 6. Cake from test run #4. 
 
Test runs from this point onward were performed with solids washing. Test runs #5-7 were 
performed again with Labox 100 pressure filter. Run #5 was performed with 1 min slurry feed, 0.5 
min 1st pressing at 6 bar, solids washing of 0.5 min with 6 bar pressure, 1.5 min 2nd pressing and 1 
min air drying. Wash liquid penetrated the cake very easily and in 30 seconds total of 1 liter wash 
liquid had been used. Wash filtrate conductivity was measured to be 1285 µS. 
 
Test run #6 was performed with higher pressure in 1st pressing and lower wash liquid pressure. 
The 1st pressing was performed with 8 bar and washing with 2 bar pressure. Wash liquid pressure 
was dropped to 2 bars due to high wash liquid flow through the solids in previous run. Wash liquid 
volume of 1 liter was fed into the filter after 1 min 20 s.  
 
Test #7 was performed without 1st pressing. Wash liquid was introduced right after slurry feed. One 
liter of wash liquid was introduced to the filter in 1.5 min. Cake was then pressed and dried as in 
previous runs. Wash filtrate samples were taken at the beginning of washing, after 45 seconds of 
washing and during pressing. Picture 7 shows the conductivity measurements of these samples. 
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Picture 7. Wash filtrate conductivity during solids wash in run #7 (>1.5 min means filtrate from 
pressing). 
 
Test runs #8-11 were performed with Büchner vacuum filter. Run #8 was performed for capacity 
evaluation as runs #3 and 4. Sample volume in run #8 was 750 ml. Results from runs #3, 4 and 8 
show that the highest capacity was achieved with 1000 ml sample volume. This was therefore 
selected for washing tests.  
 
Test runs #9-11 were performed with different wash ratios. Filtration cycle was otherwise the same 
in all 3 runs: after filtration, 10 s intermediate drying, solids washing and 60 s final drying. Wash 
liquid temperature was ~20 °C in all tests. Wash ratios were respectively 1, 2 and 5. All three 
cakes had residual moisture content of ~26 %. Cake conductivity dropped from original 13500 mS 
without washing to ~100 µS with 1 l/kg D.S. wash ratio. Higher wash ratios did not much affect the 
cake conductivity. Picture 8 shows how filtrate conductivity dropped in wash filtrate vs. mother 
liquid. 
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Picture 8. Conductivity of wash filtrates and mother liquid in test runs #9-11. 
 
Aragonite 
 
Tests with aragonite slurry were performed with slurry without dilution. Slurry density was 1.307 
kg/dm3 and solids content 40.2 % wt. Slurry was heated to ~55 °C and filter cloth in all tests was 
AINO K11. Slurry was first tested with Labox 100 pressure filter. Test run #12 was performed with 
33 mm chamber without solids washing. Feed pressure was 6 bar and pressing pressure 16 bar. 
With 1 min feed, 1.5 min pressing and 1 min air drying, a 23 mm thick cake was achieved. 
 
Test run #12 showed that aragonite slurry is about as easy to filter as calcite slurry. Further tests 
were therefore performed with higher 60 mm chamber. Pressures were also dropped in slurry feed 
to 4 bar and in last pressing to 12 bar. Test run #13 was performed without solids washing. 
Filtration cycle was the same as in run #12. Test resulted a 43 mm thick cake. Cake conductivity 
was 9100 µS. 
 
Run #14 was performed with solids washing with room temperature water. Washing was 
performed right after slurry feed. It was seen that the wash liquid could not penetrate the cake. 
After 5 min of washing, only ~40 ml of wash liquid had been introduced to the cake though using 6 
bar pressure.  
 
Run #15 was performed with solids washing after intermediate pressing. Wash liquid temperature 
was now ~50 °C. Slurry feed of 1 min was followed by 0.5 min intermediate pressing with 8 bar 
pressure. Then wash liquid was introduced to the cake with 6 bar pressure. After 1.5 min, 1 liter of 
wash liquid had been introduced to the cake. Cake thickness of 52 mm was achieved. Cake 
conductivity was measured to be 110 µS after washing. Cake from test run #15 is shown in picture 
9. 
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Picture 9. Cake from test run #15. 
 
Test runs #16-21 were performed with Büchner vacuum filter. Slurry temperature was again ~55 
°C and filter cloth was ARTO S11. Runs #16-18 were performed with different sample volumes to 
find the maximum capacity. Slurry samples of 500, 750 and 1000 ml respectively were used. Cake 
thicknesses were respectively 24, 37 and 49 mm. Test run #18 with 1000 ml sample gave the 
highest capacity. Therefore that was selected for further tests with solids washing. Picture 10 
shows the cake and mother liquid from test run #18. 
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Picture 10. Cake and filtrate from test run #18. 
 
Tests #19-21 were performed with solids washing. Wash water temperature was ~50 °C. Wash 
ratios of 0.5, 1 and 2 l/kg D.S. were used respectively. Before solids washing, separation phase 
was followed by 10 s intermediate drying. After washing, 60 s drying was performed. Picture 11 
shows how the cake conductivity dropped without vs. with solids washing and how the cake 
residual chloride content varied between different wash ratios. 
 

 
Picture 11. Cake conductivity and residual chloride content of aragonite with different wash ratios. 
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Picture 12 shows how the wash filtrate conductivities dropped with different wash ratios. 
 

 
Picture 12. Filtrate conductivities with different wash ratios. 
 
 
10. CONCLUSIONS AND RECOMMENDATIONS  
 
Both PCC slurries are easy to filter with both Outotec technologies; pressure filtration and vacuum 
filtration. Filter cloths AINO K11 (PF) for pressure filtration and ARTO S11 (vacuum filtration) give 
very clear filtrate for both slurries. AINO K11 gave filtrate with <10 mg/l solids. With ARTO S11 the 
filtrate has slightly more solids in it, ~10-15 mg/l. 
 
Calcite 
 
Calcite was filtered at room temperature and wash liquid temperature was also ~20 °C. Outotec 
Larox pressure filtration technology gave high capacity and low cake residual moisture. Wash 
liquid penetrates the cake easily, even with low wash water pressure. Washing can be performed 
either directly after slurry feed, or after intermediate pressing. Chloride content of the cake can be 
dropped from 10000 to ~10 ppm with 2 l/kg D.S. wash ratio. 
 
Vacuum filtration gives higher capacities for filtration of calcite slurry. On the other hand, the cake 
residual moisture stays higher with vacuum filtration. Solids washing can be successfully 
performed with Outotec vacuum filtration technology also. Cake residual chloride content and 
conductivity drop, when performing solids washing, are shown in picture 13. 
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Picture 13. Cake conductivity and residual chloride content of calcite with different wash ratios. 
 
Aragonite 
 
Aragonite slurry was heated to ~55 °C for the tests, which is the same as the production 
temperature of the material. For this slurry also high capacities were achieved with both pressure 
and vacuum filtration. Pressure filtration gives lower cake residual moistures but also lower 
capacities.  
 
Room temperature water cannot be used for solids washing because the wash liquid does not 
penetrate the cake. With 50 °C wash liquid, washing can be successfully performed with both 
filtration technologies. Cake residual chloride content with pressure filtration technology was 
dropped from original ~5700 ppm to 109 ppm with 1.4 l/kg D.S. wash ratio. With vacuum filtration, 
the chloride content was dropped from >13 000 ppm to 127 ppm with 2.0 l/kg D.S. wash ratio. 
 
Further testing is recommended for wash liquid consumption evaluation more accurately. Further 
tests for pressure filtration are recommended to be performed with a bigger test unit, such as PF 
0.1. This is due to easier control of the wash liquid volumes used, because the wash liquid 
penetrates the cakes very easily. 

 
 
 
Enclosures: -  Test datasheets (4 pages) 
 -  PSD analyses (2 pages) 
 -  Moisture contents of cakes. Chloride analyses of cakes and 

filtrates (3 pages) 
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Wet cake weigh
Drycakew&gN

We cake 5G.
Wet cake 5.0

TEST FILTRATION DATASHEET

ha
ho

ko
ho

L’mill itrarl

1mm Than

% whe

par

mn
kg
kg

kqMrn’

k9/dn?

1.51

29.3

36

0,587
0.42

1.63

DATE 1-2.12.2014

2,12
0.12

0-12

1.68

0.017
0.729
0.185
0-083

213

48
46-49

0,693
0,55

1,44

1.0

19.4

33
32-34
0.524
0.42

1.59

TEST FILTRATION NO.

0.00

0.00

ENCL. NO.

I,

0.00

0.00

0.00

0.00

II

0,00

0.00

0,00

0.00

BUSINESS UNfl BY TorsRrn PAGE NO.
APPLICATION NAME PCC-Caidte TEST PLACE LPR

SOLIDS DESCRIPTION WASH LIQUID TYPE LPR tap waler
LIQUID DESCRIPTION PARTICLE SEE D~TRBUTlON

Testunitlype Laboslol Laboaloc Laboxiol Laboxlo LaboslOC
Filtration area, rn2 0,01 0,01 0,01 0,01 0,01
Face me, 0,01 0,01 0,01 001 0,01

Cl,amberdepdI,mm 33 60 60 60 60
Testno 1 2 5 6 7

Process conditions
Derwityol siny kgAlm’ 1.145 1.145 1,145 1.145 1.145

laud In airy ko/dm’ 1,008 1,008 1.008 1.008 1 MOB
5.0 of sotds insiny celculated kg/tim’ 3.094 2.947 2.529 0,000 0,000 0,000 0.000 0.000
Solidsinshirny calculated %wAe, 17,7 18.2 II 19,9 0.0 0.0 0.0 0.0 0,0

Density of wash lgüd kg/dm1 J~99Q~ J~99L. .ja299~..
Tenterature of sign, -G 17 17 18 18 ‘8

waahtignid C 24 24 24
tHot shiny fl~_ j~_ ,j~_,

wash ligLid .....Z~2...... ....ZL,.,
Filtration parameters

Durafonof psrcmr~ rn/n 1.50 -9~_ •,j~p,,,, ,,j~,,,,
Ioresairo niu’ ~ ...~9_..
wastir~ mm ISO
Doressirm win ..Ji2.... ~ ..JSI...
dnfl mn/n ,ja29_ .J~.QL .ja~ .J~9L
tecfflcal time tIn 4.00 4,00 4.00 4,00 4.00

Celculelad cycte (me tin I 8.83 8,50 0,00 0,00 0,00 0,00

Measured process parameters doting filtration tests

PressLisof sh.nyteed bar ..AL... ~ 4.0 .....jQ_...
pressiro I bar 18,0 6.0
wash ligLid bar 5.0 •~~9_ ,•~9__
presnine I bar 18,0 12.0 12.0

calculated

measured from tan/c

ol,m~i’,Q

0Fe55i00 I

Dresnino C
ajrdndno

2.04

TOTA~ -

2.03

0.01

wash ligLid

0.607 0.709
0.106
0-151

IC

Air fowl airpinesaure begimtinc 1mm (barl I 30/4 I I asia I 25/3 I I I I I
1,0

wash tItrate

I 30/4 I I I 25)3 I

titrate I I I I

calculated
nv.eeu red

12.0 11.9

calculated

39 42

38-40 4042
0,608 0,642
0.54 0.56

1.56 1.53

Filtration rate (drysolds) calculated k~4nm 452.7 438.1 307.2 363.8 398.8 0,0 0.0 0.0 0.0 0.0

Filtration rate (Iltrate) calculated kitnTh 1647 1888 1297 1395 1540 0 0 0 0 0

Wash IgUd corslncton calculated nMon 0.5. 0.0 0.0 2.4 .9 1.8 0.0 0,0 0.0 0.0 0.0
Wash IgUd coraLrnçlion (wash Igtid/stur~ trol/ vol 0.0 0.0 0.5 0,4 0.4

Wasting reaL/I cake comslutthity n5 7000.0 70.0 57,0 52.0

Wasting resLit cake ct/code content 10022,0 18,0 10,0
West/re result wash titrate corCLtIMIy uS 1285.0 330,0
50885 nato in cake (vol/lot calculated % 44,8 36,7 43,4 54.6 53.2 0.0 0,0 I

Air In cake vs void volume calculated % 13,3 50.9 45.2 58.3 60.6 0.0 0.0 I I I

Solids content in filtrate ml)l 5

Solids content In wash titrate mot
Fiterclotitvoe AnDKll flbDKll At.CK1I AICK1I AIIOKI1

Tesldate 1,12. 1,12. 2.12. 2,12, 2,12.
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Q Buchner test filtration data sheetUtotec BUCHNER: SEPARA11ON -3 x WASHING - DRYiNGstnctly confidential!
Company ORC Date
Address Tested by
Reference Page 1 of:
Product PCC - Calcite Particle Wash liquids emp C Test area
Glade size 1st cm I
Solids 2nd standard
Liquid 3rd
Testnr. 3 4 8 9 10 ii
Filtercioth ARIOS11 ARrOS11 ARIOS11 ARTOSII ARTOS1I ARTOS11

dpwet filtercloth bar 0,15 0,2 0,2 0,2 0,25 0,25
Temp. °C 18 18 18 18 18 18
Amount ml 500 1000 750 1000 1000 1000

S Real d.s. content gil
I Settlingtime 5 5 5 5 5 5 5
u Vacuum bar 0,5 0,5 0,5 0,5 0,5 0,5
r Separation time s 15 44 28 44 50 52
r Dryingtime 5 60 60 60 10 10 10
y Mother liquor ml 420 840 625 800 785 780

Filtrate quality solids mg/I IS
Wash filtrate clarity

Temp. C 20 20 22
Volume in ml 225 450 1125

I” Volume out ml 250 480 1160

W Washtime s 20 42 111
a — Drying time s
~ Temp. C
h ~ Volume (in/out) ml

~ Wash time s
~ — Drying time s
g Temp. C

3d Volume (in/out) ml
Wash time s
Drying time s

D Vibration Yes/No
~ VSB time s

Hot air/steam Cr Airflow 1/mm 15 15 15 15 15 15
~ Vacuum bar 0,4 0,4 0,35 0,4 0,4 0,45
~ Drying time $ 60 60 60

Thickness mm 10 20 16 21 21 21

c Cake cracking Yes/Na no no no no no no
a Wet weight g 139,98 301,6 237.95 307,45 305,92 304,99
k Cake moisture %wl 21,5 24,7 23,69 21,1 25,04 23,66
~ Dry weight d.s. g 109.9 227,1 181,6 242,7 229,3 232,8

Cake conductkily pS 13500 103 106 73
Cake chloride content ppm 8553 8771 15133 252 3 46

Total tIme 5 80 109 93 139 167 238
Wad. ratle I/kg d.s. 0,9 2,0 4,8
Test capacity kg d.s,/m2 h 494 750 703 629 494 352
Test capacity I /m2 h 2250 3303 2903 2590 2156 1513

conduclivties nother liquid lAS 105000 108500 106400 108900
wash lilirale ~ 49100 27200 12300

WF#9 WF#10 WF#11
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Outotec
CUSTOMER ORC

Ousnlttvofstunv
ilnntlvofeIfraledL,irw

CoraLaTbohon of

Airflow) airoresaLse

waslirm

Al I win

end

flirateoH of

Process results
Moisttge in cake

Cake fliclcness averaoe

Cake ticknees vartalion
Wet cake meloN
DrvcakeweioN
We cake S.C.

Wet cake S.C

Filtraton rate (titrate)

Wastinr, remit
Cake cltodde carters

Waslino restS
Seeds ratio in cake (vowoll

Airincake vs void volLane
Suede corieri in titrate

Fifterclothtvpe

TEST FILTRATION DATASHEET

DATE 4-5.12.2014

TEST FILTRATION NO.

ENCL NO.

BUSINESS UNIT BY TOnALw PAGE ND.
APPUCATION NAME Slag POC Aragorite TEST PLACE LPR

SOLIDS DESCRIPTION WASN UQUID TYPE LPR lap water

LIQUID DESCRIPTION PARTICLE SIZE DISTRIBUTION

Test unit ~‘pe Laboxtot LeboslD Labox1~ LsboxlO
Fllnbon area, 18~ 0_at 001 001 0.01

Face area, l11~ 0,01 001 0,01 0,01

Chsmberdepth,mm as ec 60 60

Teatno 12 13 14 15

Process conditions
Dereityof skary k~’dm~ 1,307 1,307 1,307 t307

Ig.idinskary ko’dm’ 1.011 1.011 1.011 1.011
S.C of adds Inakaly calculated kg/dm3 2.550 2, 83
Solde in eury calculated %wlw 37,5 38,2

Dereityof machUmid ko~m2 J~29~ J~22L
Temperstire ol akany ‘C 55 53 55 53

waahllgdd C 24 50

oHof skany
wash ligdd

Filtrelton parameters

Diralionof ptsrçlrg rain ,j,pp_ 1,00 ,j~9_ ,,j~99_

Ipressln~ rain fl9 ISO

maclire mm 5.00
lptesslix~ mm ~ j~9

drum mm 1,00 ,j,9Q~ ,j~9,,,

lectyical time mm 4.00 400 4.00 4,00
Calculated cycle (me mm

Measured process parameters during filtration teste

Pressiseot elunyleed bar ~ 4,0 4,0 ,,.jQ,,_,

pressure t bar 16.0 12.0
wash lio.id bar 6.0 ~

pteesitc II bar 12,0 12.0

Qinotfivotslrny

meas,zed troyr, tars
oLimnirar

pressinq I

ko 0276

pressing

kg

0-SOS

0,108

airdrurw

kg

0.683

0,136

TOTAL a

ko

0-79

e..hle.I.

0,078

ko

wash todd

0,037

0.129

0.97

ko

beoirairw

0,137
0.179

0,111
0.190 0.23

timmn bar
Iknin

lots

0.040

bar
10)6

‘Sum

1.0

Vmin

<10)6

bar

10/S

wash Strafe

<I 0/6
20)6 <10/S

% wAy 11,7

mm

13.5

23
mm

calculated

11,0

43

kO

13.7

measured

45

0.383

52

ko

calculated

0.735
0.34

k&dm’

Filtraton rate fdrvsolids) calculated koknm

0.771

0.64

kg/dma

0.85
0,69

calculated

1.67

0.73

Washllqtidcometanp(on calculated mtonD.S.

1.71

Wash linyid corsLnlption (wash lqdd/ekjrry)

270.7

1.71

L’msh

508.9

410

1.63

329.5

736

0,0

463.1

vol / vol

409

0.0
0.0

696

%

0.1

0.0

Don,

1,4

0.0

calculated

5657.0

0.7

%

calculated

5812.0

%

Odds corteri in wash titrate

4655.0

57,7

%

109.0

59.6
53.5

Testdate 4,12. 4.12. 4.12. 5.12.

mgi

69.6
42.6

‘<10

Cake condLchvity PS

mgi

54.9
37.8 49.7

ANO K Ii AN Ku
9100

AltO K 1

9700
*510 KI 1

8500 110



Test Report0 IjtOtCc September 22, 2015 Appendix A1 5093-ORC-T

Research Center, Pori Confidential 20 I 25

Q ~ Buchner test filtration data sheetU L0 L C( SUCHNER: SEPARATION-S x WASHING - DRYiNG
strictly_confidential!

Company ORC Date 8.12.2014
Address Tested by TonAuv
Reference Page
Product Slag PCC - Aragonite Particle Wash liquids emp C Test area
Grade size 1st [cm I
Solids 2nd standard
Liquid 3rd
Testnr. 16 17 18 19 20 21
Filtercloth AR1’OSll ARTOS11 ARIOS11 ARTOS11 ARr0S11 ARTOS1I
dpwet flitercloth ba 0,15 0,25 0,25 0,25 0,25 0,25

Temp. ‘C 53 55 55 55 55 55
Amount ml 500 750 1000 1000 1000 1000

S Real d.s. content g/l
I Settllngtime S 5 5 5 5 5 5
U Vacuum bar 0,5 0,5 0,5 0,5 0,5 0,5
r Separation time s 15 31 52 61 54 52
r Drylngtime 5 60 60 60 10 10 10
y Mother liquor ml 290 440 550 530 515 520

Filtrate quality
Wash filtrate clarity

Temp. ‘C 50 50 55
Volume in ml 270 540 1080

l’~ Volumeout ml 340 590 1135

w Washtime S 49 96 193
a — Drying time s
~ Temp. , ‘C
h 2M Volume (in/out) ml

~ Wash time s
~ — Drying time s

Temp. ‘C
~ Volume (in/out) ml

Wash time s
Drying time 5

D Vibration Yes/No
r VSB time 5

Hot air/steam ‘Cr Airflow 1/mm 15 10 10 10 10 10
Vacuum ba 0,4 0,45 0,45 0,47 0,47 0,47

~ Dryingtime 5 60 60 60

ThIckness mm 24 37 49 49 48 48

c Cake cracking Yes/No no no no no no no
a Wet weight g 357,6 544,3 742,1 754,3 730,3 734
k Cake meisture %wt 25,6 25,99 27,96 25,6 28,38 26
~ Dry weight d.c. g 266,1 402,8 534,6 561,0 523,0 543,2

Cakeconductr~~ty ~S 21100 23000 22700 7400 895 174
Cake chloride content ~m 13464 13993 10826 4455 595 127

Total time 5 80 96 117 185 225 320
Wash ratio L/kg d.s. 0,5 1,0 2,0
Test capacity kg d.s./m2 h 1197 1511 1645 1092 837 611
Test capacity I /m2 h 2250 2813 3077 1946 1600 1125
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ANALYSES OF CAKES AND FILTRATES 

Chloride contents of 19 filtered cakes and 23 filtrate solutions  (wash filtrates) were 
analyzed at ORC. The moisture contents of the cakes were additionally analyzed.  
 
 

Moisture contents 

The moisture contents of the filtered cakes were analyzed from approx. 50 g filtered 

samples (wet samples) which were dried in a laboratory oven at 60C in air. The drying 
time was 38 h 15 min. The moisture contents calculated from the mass losses of the 
samples are given in Table A. 
 
 
Table A. Moisture contents of the filtered cakes. 
 

Sample name Wet sample Dry sample Weight loss Moisture 

 (g) (g) (g) (wt.%) 

PPC  CAKE  #2 51.34 40.39 10.95 21.33 

PPC  CAKE  #3 DRIED 41.73 41.31 0.42 1.01 

PPC  CAKE  #4 DRIED 50.15 49.79 0.36 0.72 

PPC  CAKE  #6 51.10 44.97 6.13 12.00 

PPC  CAKE  #7 52.06 45.85 6.21 11.93 

PPC  CAKE  #8 50.27 38.36 11.91 23.69 

PPC  CAKE  #9 49.60 39.16 10.44 21.05 

PPC  CAKE  #10 50.23 37.65 12.58 25.04 

PPC  CAKE  #11 51.73 39.49 12.24 23.66 

PPC  CAKE  #12 50.51 44.62 5.89 11.66 

PPC  CAKE  #13 49.08 42.48 6.60 13.45 

PPC  CAKE  #14 51.16 45.55 5.61 10.97 

PPC  CAKE  #15 54.58 47.08 7.50 13.74 

PPC  CAKE  #16 50.39 37.49 12.90 25.60 

PPC  CAKE  #17 52.49 38.85 13.64 25.99 

PPC  CAKE  #18 61.05 43.98 17.07 27.96 

PPC  CAKE  #19 50.31 37.42 12.89 25.62 

PPC  CAKE  #20 51.41 36.82 14.59 28.38 

PPC  CAKE  #21 50.19 37.14 13.05 26.00 

 
 

Chloride analyses 

The chloride contents of the filtered cakes were determined as follows. A sample 
(approx. 10 g) was mixed with 100 ml (= 100 g) ion exchanged water. The suspension 
was stirred vigorously with a magnetic stirrer for 60 min. The suspension was filtered 
and the chloride content of the clear water solution was analyzed by an ion 
chromatograph (IC DX-120). In the case of the lowest chloride contents (cakes #6, #7, 
#10, #11), potentiometric titration with AgNO3 was used instead of ion chromatography. 
In these analyses, increased sample weights (approx. 25 g) were also used. 
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The chloride contents corresponding to both wet cake and dry cake were calculated 
from the analyzed chloride concent of the solution. The results are summarized in 
Table B. The assumption for measuring the chloride contents by this manner was that 
all the chlorides in the filtered cake are water-soluble. It was also assumed that the 
chlorides were situated on the particle surfaces, and not locked inside the particles, so 
they were able to dissolve into water during stirring of the suspension. Two stirring 
times (30 min and 60 min) were tested before starting the analysis series, and they 
were found to give almost identical results. For the analysis series, the longer stirring 
time (60 min) was adopted. 
 
 
Table B. Chloride contents of the filtered cakes. 
 

Sample name 

  

Wet 
sample 

Moisture 

Chloride content, Cl
- 

Analyzed 
from H2O 

Amount in 
100 g H2O 

Chloride in 
wet cake 

Chloride in 
dry cake 

Chloride in 
dry cake 

 (g) (wt.%) (mg/l) (g) (wt.%) (wt.%) (ppm) 

PPC  CAKE  #2 10.2736 21.33 810     0.081 0.7884 1.0022 10022      

PPC  CAKE  #3 DRIED 10.2162 1.01 865     0.087 0.8467 0.8553 8553 

PPC  CAKE  #4 DRIED 11.5981 0.72 1010     0.101 0.8708 0.8771 8771 

PPC  CAKE  #6 25.1712 12.00 4.0     0.0004 0.0016 0.0018 18 

PPC  CAKE  #7 25.1886 11.93 2.2     0.0002 0.0009 0.0010 10 

PPC  CAKE  #8 10.4784 23.69 1210     0.121 1.1548 1.5133 15133 

PPC  CAKE  #9 10.0344 21.05 20     0.002 0.0199 0.0252 252 

PPC  CAKE  #10 25.7072 25.04 0.6     0.0001 0.0002 0.0003 3 

PPC  CAKE  #11 26.5793 23.66 9.8     0.0010 0.0037 0.0048 48 

PPC  CAKE  #12 10.6054 11.66 530     0.053 0.4997 0.5657 5657 

PPC  CAKE  #13 12.7236 13.45 640     0.064 0.5030 0.5812 5812 

PPC  CAKE  #14 12.0636 10.97 500     0.050 0.4145 0.4655 4655 

PPC  CAKE  #15 10.5986 13.74 10     0.001 0.0094 0.0109 109 

PPC  CAKE  #16 10.4817 25.60 1050     0.105 1.0017 1.3464 13464 

PPC  CAKE  #17 10.3793 25.99 1075     0.108 1.0357 1.3993 13993 

PPC  CAKE  #18 12.1810 27.96 950     0.095 0.7799 1.0826 10826 

PPC  CAKE  #19 12.3742 25.62 410     0.041 0.3313 0.4455 4455 

PPC  CAKE  #20 12.8399 28.38 55     0.006 0.0428 0.0598 598 

PPC  CAKE  #21 10.6810 26.00 10     0.001 0.0094 0.0127 127 
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The chloride contents of the wash filtrates were analyzed by ion chromatography. The 
results are in Table C. 
 
 
Table C. Chloride contents of the wash filtrates. 
 

Sample name Chloride content 

 (mg/l) 

7.1 wash filtrate 35000 

7.2 wash filtrate 2010 

7.3 wash filtrate 40 

CALCITE ML AINO KII #2 34000 

CALCITE ML ARTO SII #3 35000 

WF # 9 15000 

WF # 10 8230 

WF # 11 3500 

WF # 14 33000 

WF # 15 15.1 210 

WF # 15 15.2 85 

WF # 19 24000 

WF # 20 17000 

WF # 21 8800 

ML # 9 35000 

ML # 10 35000 

ML # 11 35000 

ML # 12 35000 

ML # 14 36000 

ML # 16 37000 

ML # 19 39000 

ML # 20 39000 

ML # 21 40000 

 
 
 
 

 


