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Outline of this presentation

» Objective and research questions for this Master’s Thesis
* Experimental part
* Results

* Conclusions



Objective and research guestions

e Objective:

e Better understanding of non-process element chemistry in Finnish pulp mills

* Research questions:

* Arethere differences in NPE levels between the pulp mills (2018 North vs. 2018 East)
* How have NPE levels changed in Finland (1995, 1999, 2004 vs. 2018)

* North American and South American results compared to this projects results

* Arethere NPE |level differences due to different process equipment



Non-process elements

* Elements purged via green liquor dregs * Elements accumulated in liquor and lime
* More insoluble in alkali solutions cycle
* Mg, Ca, Mn ¢ More soluble in alkali solutions
* More easily removed from green liquor e K, Clin liquor cycle
dregs e Al, Si, P inliquor and lime cycle

* Accumulate significantly before being
purged by precipitation



Experimental part




Methods and data treatment

* Methods
e Sampling
* 6 Finnish Kraft pulp mills
e 7 sampling points
* 10 elements per sampling point (Na, S, Ca, Mg, Mn, Al, Si, P, Cl, K)
* |nterviews
* 6 Finnish pulp mills
* Data treatment
e Comparison with literature data
» Conversion of concentration data (mg/kg = g/ADt)
* Hypothesis test: T-tests for statistical analysis

Sample points:

1. Weak black liquor

2. As-fired black liguor
3. ESPash

4. Clarified green liquor
5. Green liquor dregs
6. White liquor

7. Lime mud



Results




General observations:

mg/kg

* Alkali insoluble elements precipitate in green liquor and are removed
with green liquor dregs (Ca, Mg and Mn)

* Mg has a tendency to accumulate in lime cycle as well

* Mill Aand Mill D use only softwood and their Mg conc. is higher in
WBL and ABL

 Kand Claccumulate in ESP ash

* Al, Siand P do not get as easily purged with green liquor dregs.

* PlIncreasesin conc. in ABL (addition of side streams) and is high in
lime mud

Lime mud
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Comparisons

* Are there differences in NPE levels between the pulp mills
(2018 North vs. 2018 East)

* How have NPE levels changed in Finland (1995, 1999, 2004 vs. 2018)
* North American and South American results compared to this project’s results

* Are there NPE level differences due to different process equipment



FIN North vs. FIN East

e Green = North
* VYellow = East
* Below figure of As-fired black liquor
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T-test results

. . . Al * Si Ca P Mg Mn Cl K
* In WBL, Mn is lower in the Northern mills North o 50 i: T B e 13503
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T-test results

. ) . Al * Si Ca P Mg Mn Cl K
* In ABL, Cais lower in Northern mills North > TE T 58 308 0 215 23689
) , )
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T-test results

* InESP A, Alis lower in Northern mills North
* Mill C’s values for Al are not included ESPA  East
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mg/kg

T-test results

Al* Si Ca P Mg Mn cl K
North 9 144 8 41 2 2 701 9004
_ _ _ GL  East 11 160 11 55 3 2 721 10582
* InGL, Pislowerin Northern mills p-value 0218 0602 0363 0.002] 0355 0354  0.888  0.258
o~ .
* Mill C’s values for Al are not included
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T-test results

In GL D P is higher in Northern mills

* Mill C’s values for Al are not included
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T-test results

* |In WBL, Mn is lower in the Northern mills
* |n ABL, Cais lower in Northern mills

* |n ESP A, Alis lower in Northern mills

* InGL, Pislowerin Northern mills

* In WL, Cais higher in Northern mills

* InGLD Pis higher in Northern mills

* 6/56 t-test results significant

* Mill C’s values for Al are not included
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Comparisons

Are there differences in NPE levels between the pulp mills (2018 North vs. 2018 East)
How have NPE levels changed in Finland (1995, 1999, 2004 vs. 2018)

North American and South American results compared to this project’s results

Are there NPE level differences due to different process equipment



Older Finnish results vs. 2018 results
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Figure 39 Weak black liquor and as-fired black liguor comparisons between older Finnish results (Jdrvinen, et al., 1995) (Holamo, 2000) (Salmenoja, et al., 2004) and this project’s results form 2018. The colored column represents the literature results.
The error bars show the minimum and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow indicates that the newer values are significantly
lower and the red color indicates that the newer values are significantly higher. * The abnormally high Si values from Mill C are not included in the t-test. **The abnormally high Si value from Mill E is included. The t-test was performed with and
without the high Si value and t-test was both times insignificant.



T-test results

* In WBL, This projects results are lower for P,
Mn and Cl compared to older FIN results

* In ESP A, this project’s results are higher for
Al, Si, Ca, P and Mg

* In WL, Mg, Mn and Cl lower

* In GLD Alis higher in newer results

e Pishigherin nearly all sample points in the
results from this project!

» 18/51 t-test results significant

* Mill C’s values for Al are not included



Comparisons

Are there differences in NPE levels between the pulp mills (2018 North vs. 2018 East)
How have NPE levels changed in Finland (1995, 1999, 2004 vs. 2018)

North American and South American results compared to this project’s results

Are there NPE level differences due to different process equipment



North American results vs. FIN 2018

 WABL and ABL did not have enough good data points in literature to make T-tests
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Figure 44 Comparison between North American (Taylor & McGuffie, 2007) (Frederick, et al., 2000) and this project’s results in weak black liquor and as-fired black liquor.




Older North American results vs. 2018 FIN results
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Figure 45 ESP ash comparison between older North American results (Frederick, et al., 2000)and this project’s results form
2018. The colored column represents the literature results. The error bars show the minimum and maximum values of the
literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The
green arrow indicates that the newer values are significantly lower and the red color indicates that the newer values are
significantly higher. * The abnormally high Si values from Mill C are included in the t-test.

Similar figures made for ESP A, GL, WL, LM, GL D
Some literature references were in mg/kg unit
for GL and WL. They were converted to mg/I| for
the t-tests.



T-test results

* InESPA, P Mg Mn and Cl higher in FIN
2018

* InGLD, Al, Si Pand K are higher compared
to North American results

* P higherin FIN 2018

e Khigherin FIN 2018

» 20/38 t-test results significant

* Mill C’s values for Al are not included
** Some literature references converted to mg/I
with a density of 1.15 g/



FIN vs. South America (eucalyptus)

Clarified green liquor o0 ! 1o
) 160 []
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Figure 50 Clarified green liquor and white liquor results from a South American mill (Milanez, 2007) and the six Finnish results
from 2018. The colored column is the literature reference and is shown in ppm. The results from 2018 are in mg/kg format.



Comparisons

* Are there differences in NPE levels between the pulp mills (2018 North vs. 2018 East)
* How have NPE levels changed in Finland (1995, 1999, 2004 vs. 2018)

* North American and South American results compared to this projects results

* Are there NPE level differences due to different process equipment



Comparison of green liguor removal techniques

* Two main techniques to remove dregs from green liquor
* Clarifier (older)
* Filters (modern option)

» Filters are according to literature more effective in removing dregs
» Clarifiers remove dregs by sedimentation since mid — 1960

» Three mills use clarifiers
» Three mills use cross flow filters to remove dregs



Comparison of green liguor removal techniques
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Conclusions

Are there differences in NPE levels between the pulp mills (North vs. East)
* Yes, but minor differences. 10 % of the t-tests were significant. Northern mills had for some

NPEs lower values

How have NPE levels changed in Finland (old vs. up-to-date results)
* Weak black liguor quality better in the newer results

Phosphorous higher in this projects results compared to older Finnish results
ESP Ash (Al, Si, Ca, P, Mg) higher in FIN 2018
18/51 t-test results were significant

Do the results differ compared to North American and South American results

ESP Ash (P, Mg, Mn, Cl) values higherin FIN 2018

P and K higher in FIN 2018

LM P, Mg, Mn higher

In GL Ca, Mn lower and in WL Mg lower

In GL D Al, Si, P and K are found more in dregs (are removed better)
20/38 t-test results were significant

Are there NPE level differences due to different process equipment

Filters more effective than clarifiers



Conclusions

* According to the interviews: Mills have found ways to cope with NPEs

 BUT NPEs can create severe damage and fast!

e During process disturbance or process changes:
* Unpredictable high NPE levels from side streams e.g. biosludge
e Using new make up lime and makeup chemicals

* Environmentally friendly solutions and a zero-effluent pulp mills:
* Even though the waste streams from have decreased around 90 % from 1992 the NPE levels

have not increased remarkably!
 The NPE “symptoms” spotted today in the process might create severe problems in the future



Thank you for listening!
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_andfill waste and production and of pulp and
naper mills in Finland
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Case studies

As-fired black liquor

BMCasel
* Casel: 600

500
* One mill had encountered a kaolin contamination

* Kaolin entered the recovery cycle with biosludge 400
* Biosludge was added in the evaporator plant to the cycle
* The scaling of aluminosilicates turned so bad in the

evaporator plant that it had to be temporarily shut
down for cleaning 200
* During sampling period
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Case studies

e Case 2:

Ring formation in lime kiln
SEM results show that more Al and Si are found in the ring
sample.

Also TGA indicate that only a small amount of CaC05; was
formed in the ring.

Not during sampling period
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Figure SEM results of good and bad lime.

B Good lime
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Results

* Alkali insoluble elements precipitate in green liquor and are removed with green liquor dregs
* Mg has a tendency to accumulate in lime cycle if it reaches lime mud
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mg/kg or mg/I

Results

Al is removed partly with dregs.
Si level does not seem to change a lot in the sampling points.
P tends to accumulate in lime mud
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Results

e (Cland K tend to accumulate in ESP ash

cl K
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ESP ash ESP ash
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Figure 40 ESP ash comparison between older Finnish results (Holamo, 2000) (Salmenoja, et al., 2004) and this project’s results form 2018. The colored column represents the literature results. The error
bars show the minimum and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. A green arrow indicates that
the data from the present work are significantly lower, and a red arrow indicates that the data from the present work are significantly higher as compared to data from literature sources. * Both with or
without Mill C’s Al value, difference was still significant (Without Mill C, p-value 0.014).
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Figure 41 Green liquor comparison between older Finnish results (Holamo, 2000) and this project’s results form 2018. The colored column represents the literature results. The error bars show the minimum and
maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow indicates that the newer values are significantly lower,
and the red color indicates that the newer values are significantly higher. * Both with or without Mill C’s Al value, no significant difference (Without Mill C, p-value 0.94 and with Mill C p-value 0.086).



White liquor
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Figure 42 White liquor comparison between older Finnish results (Jarvinen, et al., 1995) (Holamo, 2000) and this project’s results form 2018. The colored column represents the literature results. The error bars show the
minimum and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow indicates that the newer values are

significantly lower, and the red color indicates that the newer values are significantly higher. * Both with or without Mill C’s Al value, no significant difference (Without Mill C, p-value 0.64 and with Mill C p-value 0.12).
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Figure 43 Lime mud and green liquor dregs comparison between older Finnish results (Holamo, 2000) and this project’s results form 2018. The colored column represents the literature results. The error bars
show the minimum and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow indicates that the newer
values are significantly lower, and the red color indicates that the newer values are significantly higher. * Mill B has lime mud in its green liquor dregs sample.



Green liquor dregs
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Figure 43 Lime mud and green liquor dregs comparison between older Finnish results (Holamo, 2000) and this project’s results form 2018. The colored column represents the literature results. The error bars show the minimum
and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow indicates that the newer values are significantly lower, and the
red color indicates that the newer values are significantly higher. * Mill B has lime mud in its green liquor dregs sample.
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Figure 45 ESP ash comparison between older North American results (Frederick, et al., 2000)and this project’s results form 2018. The colored column represents the literature results. The error
bars show the minimum and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow
indicates that the newer values are significantly lower and the red color indicates that the newer values are significantly higher. * The abnormally high Si values from Mill C are included in the t-
test.
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Figure 46 Clarified green liquor comparison between older
North American results (Richardson, et al., 1998) (Frederick,
et al., 2000) (Gu & Edwards, 2004) (Taylor & Bossons,
2006) (Taylor, 2007) and this project’s results form 2018.
The colored column represents the literature results. The
error bars show the minimum and maximum values of the
literature data. The legend also describes if the values shown
are in mg/l or mg/kg in the figure. P-value of the t-test is
shown in x-axis. Values under 0.05 are considered in this
two-tail test significant. The green arrow indicates that the
newer values are significantly lower, and the red color
indicates that the newer values are significantly higher. * The
abnormally high Al values from Mill C are included in the t-
test. P-value was 0.49 without Mill C.
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Figure 47 White liquor comparison between older North American results (Richardson, et al., 1998) (Frederick, et al., 2000) (Gu & Edwards, 2004) (Taylor, 2007) and this project’s results form 2018. The colored column represents the literature
results. The error bars show the minimum and maximum values of the literature data. The legend also describes if the values shown are in mg/l or mg/kg in the figure. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this
two-tail test significant. The green arrow indicates that the newer values are significantly lower, and the red color indicates that the newer values are significantly higher. * The abnormally high Al values from Mill C are included in the t-test. P-
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Figure 48 Lime mud and green liquor dregs comparisons between older North American results (Empie, et al., 1999) (Richardson, et al., 1998) (Frederick, et al., 2000) (Taylor & Bossons, 2006) (Taylor, 2007) and this project’s results form 2018. The
colored column represents the literature results. The error bars show the minimum and maximum values of the literature data. P-value of the t-test is shown in x-axis. Values under 0.05 are considered in this two-tail test significant. The green arrow
indicates in lime mud that the newer values are significantly lower, and the red color indicates that the newer values are significantly higher. In green liquor dregs, the green arrow indicates that the newer value has higher NPE concentration. * The
abnormally high Al values from Mill C are not included in the t-test. P-value was 0.037 with Mill C.** The literature reference (Frederick, et al., 2000) has very high values in some of the sample points and has to be taken into account when analyzing
the results. *** Mill B has lime mud in its green liquor dregs sample.
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Figure 49 ESP ash results from a South American mill (Milanez, 2007) and the six Finnish results from 2018. The colored
column is the literature reference and is shown in ppm. The results from 2018 are in mg/kg format.
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Figure 51 Lime mud results from a South American mill (Milanez, 2007) and the six Finnish results from 2018. The colored
column is the literature reference and is shown in ppm. The results from 2018 are in mg/kg format.
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Figure 51 Green liquor dregs results from a South American mill (Milanez, 2007) and the six Finnish results from 2018. The
colored column is the literature reference and is shown in ppm. The results from 2018 are in mg/kg format.
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Figure 50 White liquor results from a South American mill (Milanez, 2007) and the six Finnish results from 2018. The colored
column is the literature reference and is shown in ppm. The results from 2018 are in mg/kg format.
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