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2 ASIALISTA
Hyvéksyttiin asialista

3 EDELLISEN KOKOUKSEN POYTAKIRJA

3.1 Edellisen kokouksen paatokset
Edellisen kokouksen poytékirja hyvéksyttiin muutoksitta.

3.2 KOKOUKSESSA sovitut asiat:

Vaurioraportoinin kehittdminen

— vaurioyhdyshenkildiden kokous Konemestaripdivilla

— vauriokeskustelun pohjaksi valmiit otsikot

— kokemuksia ilmailusta: lentokoneissa havaituista vioista tiedotetaan
kaikille halukkaille sahkopostilla

Oulun Yliopisto, Savukaasurdjéahdys soodakattilassa

— tyoryhma hyvaksyi projektin

— Vaikka tavoite jai saavuttamatta, aihetta oli tutkittu laajasti ja keratty
kattava viiteluettelo

Soodakattilan materiaalit ja tarkastukset (Suojaussuosituksen paivitys)
— Tydryhma hyvaksyi tekstin (Kappale 2 Soodakattilapinnoitukset) pienilla
kommenteilla

4 SKYREC: VALMISTUNEET PROJEKTIT

Tdhdn mennesséd valmistuneet projektiraportit [0ytyvat yhdistyksen
nettisivuilta: http://www.soodakattilayhdistys.fi/secure/SKYREC.html

5 SKYREC: KAYNNISSA OLEVAT PROJEKTIT

5.1 VTT, Tulipesan sondikokeiden analysointi ja korroosionopeuksien maaritys (WP3)
Boildecin sondikokeiden analysoinnin tekee VTT.
Tilanne:

Loppuraportti saatu ja kommentoitu johtoryhman kokouksessa 19.12.2012,
raportti, LIITE 2 ja esitys, LIITE 3.
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Aikataulu:
Paivitetty loppuraportti tulossa hiihtolomiin mennessa.

MUUT PROJEKTIT

6.1 Aktiivihiilen mitoituksen varmistus ja optimointi seka TOC-reduktion varmistaminen

6.2

Tausta:

Aikaisemmissa tutkimuksissa on osoitettu, ettd aktiivihiilisuodatus alentaa
noin 40 — 50 % lisdveden orgaanisen hiilen (TOC) pitoisuutta. Kokeet on
toteutettu laboratorio-, pilot- ja tehdasmittakaavassa. Kevaan 2012 aikana
on selvitetty otsonointi- ja vetyperoksidihapetusten vaikutusta TOC:n
reduktioon. Selvitetty katalysoinnin vaikutuksia aktiivihiilen toimivuuteen.
Lisaksi lyhyt koe aktiivihiilen ja sekavaihtimen toimivuudesta toisiinsa
sekoitettuna.

Tavoite:

Aktiivihiilisuodatuksen mitoituksella on suuri merkitys
tehdasmittakaavassa. Tassd tydssd suodattimen tilavuus suhteessa
virtaamaan seka viipyméan optimoidaan. Lisdksi TOC-mittauksissa on
havaittu merkittavia eroja eri laitteiden valilla, joten tyfssd varmistetaan
aktiivihiilisuodatuksen mahdollistama TOC-reduktion suuruus.

Tilanne:

Valitettavasti projekti ei ole edennyt toivotulla tavalla, kokeet paastiin
aloittamaan vasta vuoden vaiheessa koska sekda JP Analysisen sekd Oulun
Yliopiston TOC-laitteita on jouduttu huoltamaan. Alustavia tuloksia
odotettavissa helmikuussa 2013.

Kommentit:

Aikataulu:
Alustavia tuloksia odotettavissa helmikuussa 2013.

ICT-pinnoitteen testaus, Rodbay Oy

ICT-pinnoite testisséd toukokuusta 2012 l&htien Oulun kattilan katossa,
maalattu alue erottui kuukauden verran tulipesdkamerassa, mutta nyt ei
enaa nay.

Jotta pinnoitteesta olisi hyo6tyé, tulisi sen kestaa vahintaan vuosi.

Raumalla mustan ja kompoundin raja sek& sulardnnialue pinnoitettu
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6.3 Soodakattilan materiaalit ja tarkastukset (Suojaussuosituksen paivitys)

Tavoite:

Paivittad vuoden 1997 suojaussuositus seuraavin osin (suluissa tekija):
Soodakattilan materiaalit ja hitsaukset (KTR)

— Soodakattilapinnoitukset (VTT)

Paineastian korjaukset (KTR)

Soodakattilatarkastukset (Inspecta)

Soodakattilan vauriot (KTR)

Tilanne:

Suosituksen nimi tulisi muuttaa paremmin kuvaavaksi, esim. opas tai
kasikirja. Valmiit kappaleet 10ytyvét projektitietokannasta, linkki:
http://www.soodakattilayhdistys.fi/apps/soodakattilayhdistys/BoilerTh.nsf/
801ad69cf8bd8583c22579¢30040ce82/ba0c3d78caa3fbfcc2257a53002af03
3?0OpenDocument

Kappale 1 Soodakattila materiaalit ja hitsaukset:

— Sihteeri on paivittanyt alkuosan kappaleesta, ldhinnd soodakattilassa
yleisesti kdytossé olevien materiaalien osalta

Kappale 2 Soodakattilapinnoitukset.
— VTT péivittanyt pinnoiteosuuden. Hyvéksyttiin kokouksessa 13.9.2012

Kappale 3 Paineastian korjaukset

— Sihteeri on paivittanyt kappaleen 3 standardit, paineastian korjaukset
vastaamaan taman hetken tilannetta. Kaytiin lapi ja hyvaksyttiin
kokouksessa 8.9.2011

Kappale 4 Soodakattilatarkastukset

— Inspecta on paivittdnyt suosituksen tarkastusosuuden. Kaytiin lapi ja
hyvaksyttiin kokouksessa 8.9.2011.

Kappale 5. Soodakattilan vauriot.

— Sihteeri kerdd viimeisen kymmenen vuoden ajalta tyypillisid vauriota
tietokannasta. Kommentoidaan tyéryhmén kokouksissa.

Vuoden 1997 suojaussuositus:
http://www.soodakattilayhdistys.fi/secure/ae/1997/SKY 697 Soodakattilal
aitoksen suojaussuositus 1997.pdf

Sihteeri koostaa tdméan hetkisestd materiaalista yhtendisen kokonaisuuden.
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7 VAURIOT

7.1 5/2012, Imatran tehtaat, SK5, keittoputkisto

Kestoisuustyoryhman lausunto:

Keittopinnan alalierion liitantd on kauttaaltaan ohentunut ulkopuolisesta
korroosiosta johtuen. Keittoputkiston ika vaikuttanut vaurion laajuuteen ja
toistumiseen.

Myos ulkomailla on raportoitu vastaavassa kohdassa happaman
natriumvetysulfaatin aiheuttamaa korroosiota, jota edesauttaa pesun jalkeen
alalierion ylapinnalle jaavat suolakerrostuma. Nuohoimet aiheuttavat
ohentuneeseen keittopintaan suurentunutta varéhtelyrasitusta. Kuvissa on
havaittavissa mahdollisia vérahtelyn aiheuttamia magnetiittikalvon
vaurioita lierion ulkopinnan tasolla.

7.2 6/2012, Imatran tehtaat, SK5, keittoputkisto

Kestoisuustyéryhman lausunto:

Keittopinnan alalierion liitdntd on kauttaaltaan ohentunut ulkopuolisesta
korroosiosta johtuen. Keittoputkiston ika vaikuttanut vaurion laajuuteen ja
toistumiseen.

Myo6s ulkomailla on raportoitu vastaavassa kohdassa happaman
natriumvetysulfaatin aiheuttamaa korroosiota, jota edesauttaa pesun jalkeen
alalierion ylapinnalle jadvat suolakerrostuma. Nuohoimet aiheuttavat
ohentuneeseen keittopintaan suurentunutta varéhtelyrasitusta. Kuvissa on
havaittavissa mahdollisia vérahtelyn aiheuttamia magnetiittikalvon
vaurioita lierion ulkopinnan tasolla.

7.3 7/2012, Imatran tehtaat, SK6, sularannien hajotushoéyry

Kestoisuustydryhman lausunto
Hajotushdyryn  puuttuminen  edesauttanut  sulardnnien  pinnoitteen
vaurioitumista.

Muissakin Kkattiloissa on vaurioraportoitu vastaavanlaisia vaurioita.
Lisdantynyt sularannikoteloiden huuhtelu on mahdollisesti edesauttanut
néité vaurioita (rannin pinnassa enemman kosteutta)

7.4 8/2012, Imatran tehtaat, SK6, ekonomaiseri

Kestoisuustyéryhman lausunto:
Lausunto annetaan vauriokeskustelun jélkeen

7.5 9/2012, Kaukaan sellutehdas, ekonomaiseri

Kestoisuustydryhman lausunto:

Saron aiheuttama vuoto péaajakokammion ja elementin yhdysputken vélisen
hitsin  muutosvyohykkeessé alajakokammion puolella. Syyna elementin
sivuttaisheilunta.
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10/2012, Rauman sellutehdas, verhoputkisto

Kestoisuustydryhman lausunto:
Perussyynd kamien muodostuminen tulistimiin/kattoon.

11/2012, MB Kemin tehtaat, ekonomaiseri

Kestoisuustydryhman lausunto:
Nuohoinputken puhtaanapitoon tarkoitettu kokeellinen puhallushdyryputki
vaantynyt kamin pudotessa. Hoyrysuihku kulutti putken puhki.

Monsteras, kaasurajahdys

Kéytiin 1api selostus Mdnsterosin tehtaalla sattuneesta kaasurajahdyksesta,
jossa useampi ihminen joutui sairaalahoitoon hengitettyaan savukaasuja.

Syy réjédhdykseen oli seisokin aikana polttolipedséilidissd muodostuneet
vakevat hajukaasut, jotka pdadsivat vuotavasta HS-venttiilistd ja auki
jadneesta  késiventtilistd  johtuen  takaperin lipednlammittimen
tyhjennysventiilista lattiakanaaleihin. Hajukaasut rajahtivat
hitsauskipinasta.

PROJEKTIEHDOTUKSET

8.1 Sularéannit, kayttéongelmat ja soodasulan juoksevuus

Tavoitteena on selvittdd ongelmien riippuvuus keiton alkalista ja
sulfiditeetista. Kokemuksen mukaan alle 35%-36% ja yli 45% sulfiditeetti
aiheuttaa kdyttéongelmia.

Nuohous vaikuttaa sulavirran vaihteluun -> putoavat kamit voivat aiheuttaa
sulasyoksyn.

8.2 LUT, Sulavirran vaihtelu ajan funktiona

9

Soodakattilayhdistys on aikojen kuluessa tehnyt ty6td sulavirtojen ja
sulakourujen kanssa. Kuitenkaan sulavirran vaihtelusta ajan funktiona
yksittaisen kourun 18pi ja koko kattilasta ei ole tehty raporttia.

Ehdotukseni on ettd Soodakattilayhdistys kaynnistdisi tutkimuksen jossa
esimerkiksi kolmen Kattilan sulavirrat analysoitaisiin.

MUIDEN TYORYHMIEN KUULUMISET

Ty6éryhmien kuulumiset siirrettiin seuraavaan kokoukseen.
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10 MUUT ASIAT

10.1 Projektitietokanta
Yhdistyksen sivuille on tehty projektitietokanta keskustelufoorumin tilalle.
Tarkoitus on parantaa yhdistyksen projektienhallintaa ja raportointia.
Sivulta 16ytyy projektiehdotukset, aktiiviset projektit seka mahdollisuus
jattaa oma projektiehdotus

Linkki tietokantaan:
http://www.soodakattilayhdistys.fi/secure/projektit.html

10.2 Vauriotietokanta

Onko mahdollista saada haussa tuorein vaurio ensimmaiseksi? Osalla
kattiloista ei toimi rajoitettu haku.

10.3 Muutokset tyéryhmassa

Toivotettiin  tervetulleiksi uudet kestoisuustydoryhmén jésenet: Kalle
Kostamo, Metsa Fibre, Kemi ja Taisto Rajala, Metso Power.

Tapio Huuska, Mets& Fibre, Kemi jai eldkkeelle vuoden 2012 lopussa ja
Kalle Salmi, Metso Power j&é elakkeelle maaliskuussa 2013.

11 SEURAAVA KOKOUS
Seuraava kokous sovittiin pidettavaksi 9.5.2013.

Vakuudeksi

Markus Nieminen
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Abstract

Current trend to increase electricity generation of recovery boilers possess new demands for
the tube materials, when the material temperatures are increased due to higher steam values.
Operational experiences from current boilers have shown that the AISI 304 L compound tubes
suffer from accelerated corrosion in furnace wall, when the material temperatures are
increased from normal values due to the internal surfaces scales. This indicates that the AISI
304L might be unsuitable cladding material for the future high pressure boilers.

The goal of this study was to test different potential cladding materials in actual recovery
boiler lower furnace conditions, but at higher than current temperatures, in order to determine
what materials could be suitable for future high pressure recovery boilers. The work was
divided so that specimen manufacturing and probe tests were conducted by Boildec Oy,
whereas the sample characterisation was performed by VTT. The test materials were carbon
steel; austenitic stainless steels 3R12, 3RE28 and 3XRE28; high nickel alloys Sanicro 28,
HR11N and Sanicro 38 and two nickel base alloys Super 625 and Sanicro 67. The test
temperature was 440°C and test duration varied from 1000 to 2700 hours.

The results show that materials with superior corrosion resistance to AISI 304L exist and
hence corrosion in lower furnace can be managed by proper material selection. According to
the wall thickness measurements the test materials can be put in following order based on
increased resistance: C-steel << 3R12 < HR1IN ~ Sanicro 38 (~ Sanicro 28 ~
3RE28/3XRE28) < Super 625 < Sanicro 67.
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Conclusions

The coordinate measurement machine proved its applicability to determine wall
thickness profiles from difficult shapes. In current samples the biggest problem
was the specimen alignment i.e. it was impossible to measure the thickness
profiles exactly from the same location before and after the test. This caused some
error to the measurement results; especially to the maximum corrosion rates
calculated from the tests No. 1-3, where the materials were tested in as received
condition i.e. when the samples had surface scratches and dents. Another factor
that affected to the accuracy was the surface deposits that were not completely
removed during washing. Their adverse effect was clearly seen as negative
average corrosion rate values in most resistant alloys.

Tests showed that polishing together with longer exposure time improves the
accuracy, both of which are recommended to be used in future tests and especially
when evaluating highly alloyed materials.

In current tests highest corrosion rate, ca. 4 mm/a, was measured for the carbon
steel as expected. The traditional composite tube material 3R12 had the second
highest corrosion rate, order of 0.6...0.8 mm/a at the temperature of 440 °C and
ca. 0.4 mm/a at 430 °C (Figure 61). Based on the results of 3R12 the
reproducibility of the probe tests was so good that different probe tests can be
used to compare different materials to each other.

In current tests no marked differences were observed between Sanicro 38 and
HR11N. Their maximum corrosion rates were in the order of 0.15...0.2 mm/a in
the long term (>2000 h) test, i.e. about four times lower than that of the 3R12
(Figure 61).

In short term (<1000 h) tests the corrosion resistance of the 3RE28, 3XRE28 and
Sanicro 28 were as good as or even slightly better than that of the Sanicro 38 or
HR11N (Figure 62). Because the 3RE28 and 3XRE28 were not included in the
long term tests and no results were obtained for the Sanicro 28 from the long term
test No. 5, due to the misplaced thermocouple, it is recommended to verify their
promising performance with long term tests in the future.

The results for the Super 625 were inconsistent. In short term 750 h test at 430 °C
it's corrosion resistance was only slightly better than that of the 3R12, but in the
long term 2154 h test at 440 °C it's resistance was even better that of the Sanicro
38 and HR11N (Figure 62). Similar kind of behaviour was observed in Sanicro
67. In short term 744 h test at 440 °C it's corrosion resistance was only slightly
better than that of the Sanicro 38 and HR11N, but in the long term 2154 h test at
440 °C it's corrosion rate was only 1/10 of that of the Sanicro 38 and HR11N and
1/5 of the Super 625.
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Figure 61. Calculated maximum corrosion rates for the 3R12, HR11N, Sanicro 38, Super
625 and Sanicro 67 materials from the probe test No. 1 - 5.
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Figure 62. Calculated maximum corrosion rates for the 3RE28, 3XRE28, HR11N and
Sanicro 38 from the probe test No. 1-3 and 5.
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Summary

The aim of this study was to evaluate different potential cladding materials for
compound tubes in actual recovery boiler lower furnace conditions. The work was
divided so that specimen manufacturing and probe tests were conducted by
Boildec Oy, whereas the sample characterisation was performed by VTT. The test
materials were carbon steel; austenitic stainless steels 3R12, 3RE28 and 3XRE28;
high nickel alloys Sanicro 28, HR11N and Sanicro 38 and two nickel base alloys
Super 625 and Sanicro 67. The test temperature was 440°C and test duration
varied from 1000 to 2700 hours.

The results show that materials with superior corrosion resistance to AISI 304L
exist and hence corrosion in lower furnace can be managed by proper material
selection. Corrosion resistance in lower furnace conditions is improved by
alloying, especially by chromium. According to the wall thickness measurements
the test materials can be put in following order based on increased resistance:

C-steel << 3R12 < HR11IN ~ Sanicro 38 (~ Sanicro 28 ~ 3RE28/3XRE28)
< Super 625 < Sanicro 67

The carbon steel corroded at extremely high rate (>4 mm/a) at the temperature of
440 °C. Also the 3R12 (AISI 304L) corrodes in such high rate (>0.6 mm/a) at 440
°C that it can’t be safely used in the lower furnace in the future high pressure
recovery boilers, where material temperatures are expected to rise to level of
400...440 °C. The performance of the Sanicro 38 and HR11N was satisfactory in
long term test at 440 °C (CRpmax ~ 0.1...0.2 mm/a), but it is recommended to verify
their performance also at lower temperature (400 °C). The new material group
which looks promising is the high chromium alloys 3RE28/3XRE28 and Sanicro
28, but their long term performance should be verified in the future. If the
corrosion resistance is the determining factor, the Sanicro 67 seems to be a good
material for future boilers, since its corrosion rate was lowest from the studied
alloys. Based on the long term test the Super 625 in the second best choice for the
future high pressure boiler, but because of its relatively high corrosion rate in
short term test more and longer tests are needed to verify its performance.
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Test materials

Material %C %Mn %Si %Cr %Ni %Mo %Fe %Cu Other

Carbon steel

P265GH <0.2 0.80 - <040 |[<0.30 |<0.30 |<0.08 | bal. <0.30
1.40

Awustenitic stainless steels

3R12 <0.02 1.3 0.4 18.5 10.5 bal.

[304L]

3RE28A 0.023 1.77 0.39 25.6 21.0 0.06 bal. 0.06

[310]

3xRE284 0.012 1.63 0.35 25.2 21.3 0.25 bal. 0.14

High nickel alloys

Sanicro 28 <0.02 <2.0 <0.6 27 31 35 bal. 1.0

[UNS N08028]

Sanicro 38 <0.03 0.8 <0.5 20 385 2.6 bal. 1.7 Ti: 0.8

[mod. 825]

HR11N 0.03 2.0 0.6 27.0 38 05- bal. N: 0.1

1.5

Nickel base alloys

Sanicro 67 0.02 <0.5 <0.5 30 60 bal. Co: <0,05

[Alloy 690]

Super 625 0.1 <0.5 <0.5 20-23 | bal. <5.0 W: 3.15-4.15
Al: 0.4
Co<10

A) Tube samples analysed by VTT
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Corrosion resistance evaluation — Procedures

A. Wall thickness measurements before and
after testing (corrosion rate)

= Thickness profiles at a function of circumference
from three locations (axial direction)
— average & maximum WT losses

B. Characterisation and corrosion
mechanism
= SEM/EDS from metallographic cross sections
after/before the profile measurements

= Few analysis also from unexposed reference
samples

v’ Tests No.1...3 - Materials tested in as received
condition

v Tests No.4 and 5 - The outer and inner surfaces
machined and hand grinded/polished

Measurements with coordinate measurement machine
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Probe No. 4 - Surfaces machined and hand grinded/polished
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Test matrix
Test Test materials Test duration, hours Effective
No. temperature
Total Effective®
1 3R12(AISI 304L), 3RE28(AISI 310S), Sanicro28, 1000 906 ca. 440°C
Sanicro38 (pressure over 9 bar) |
) 744 o
2 3R12(AISI 304L), 3XRE28, HR11N, Sanicro67, 1000 (pressure over 8 bar) ca. 440°C
3 3R12(AISI 304L), HR11N, Sanicro38, Super625 1000 (pressure7§3er 7 bar) ca. 430°C
4 3R12(AISI 304L), carbon steel (P265GH), Sanicro67, 2700 2154 ca. 440°C
Super625 (pressure over 9 bar) )
5 3R12(AISI 304L), Sanicro28, HR11N, Sanicro38 2630 2157 ca. 440°C
(pressure over 9 bar)

AUsed in corrosion rate calculations
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Maximum corrosion rate [um/a]
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“Probe

NO

\NO

BZ7=25mm Max. BZ=32mm Max

NGO \NO \NO

(440°C, (440°C, (430°C, (440°C, (440°C,
906h)  774h) | 750h) 2154h) 2157h)

3R12

Probe

(a40°C, |(430°C, (440°C,
774h) | 750h) 2157h)

HR11N

Probe | Probe | Probe

(440°C, (430°C, |(440°C,
906h) | 750h) 2157h)

Sanicro 38

Probe | Probe

(430°c, |(a40°C,
750h) |2154h)

Super 625

(a40°c, (440°C,

Probe | Probe

774h) 2154h)

Sanicro 67
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Summary

500

BZ=25mm Max. ®Z=32mm Max
400 —

300

Maximum corrosion rate [um/a]

Probe No. 2 Probe No. 5 Probe No. 1 Probe No. 5 Probe No. 1 Probe No. 2 Probe No. 1
- (440°C, 774h) | (440°C, 2157h) | (440°C, 906h) | (440°C, 2157h) @ (440°C, 906h) | (440°C, 774h) | (440°C, 906h)

160 HR11N Sanicro 38 3RE28 3XRE28 Sanicro 28
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Summary

= Corrosion resistance in lower furnace conditions is improved by alloying, especially by
chromium.

= According to the wall thickness measurements the test materials can be put in following
order based on increased resistance:

C-steel << 3R12 < HR11N ~ Sanicro 38 (~ Sanicro 28 ~ 3RE28/3XRE28)
< Super 625 < Sanicro 67

= Carbon steel corroded at extremely high rate (>4 mm/a) at the temperature of 440 °C.

= 3R12 (AISI 304L) corrodes in such high rate (>0.6 mm/a) at 440 °C that it can’t be safely
used in the lower furnace in the future high pressure recovery boilers,
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Summary

= Performance of the Sanicro 38 and HR11N was satisfactory in long term test at 440 °C
(CRax ~ 0.1...0.2 mm/a), but it is recommended to verify their performance also at lower
temperature (400 °C).

= The new material group which looks promising is the high chromium alloys 3RE28/3XRE28
and Sanicro 28, but their long term performance should be verified in the future.

= |f the corrosion resistance is the determining factor, the Sanicro 67 seems to be a good
material for future boilers, since its corrosion rate was lowest from the studied alloys.

= Based on the long term test the Super 625 is the second best choice for the future high
pressure boiler, but because of its relatively high corrosion rate in short term test more and
longer tests are needed to verify its performance.
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Summary

= |n current samples the biggest problem was the specimen alignment i.e. it was impossible
to measure the thickness profiles exactly from the same location before and after the test.

= Some error to the measurement results; especially to the maximum corrosion rates
= Most significant when samples had surface scratches and dents.

= Another factor that affected to the accuracy was the surface deposits that were not
completely removed during washing.

» Tests showed that polishing together with longer exposure time improves the accuracy,
both of which are recommended to be used in future tests and especially when evaluating
highly alloyed materials.
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