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Sulakourujen materiaalitutkimus, VTT — KMP esitys 23.1.2020
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Tavoite

" Selvittaa soodakattiloiden sulakouruissa havaittavia vaurioita ja niiden
vaikutusta sulakourujen kaytettavyyteen
 usealla laitoksella sulakourut eivat ole kestaneet suositeltua yhden vuoden
ajojaksoa
® Kourujen valinta SKYn kestoisuustyoryhman ohjeistuksen mukaisesti
(paras & huonoin + taustatiedot)

" Sulakouruista kartoitettiin ja raportoitiin niissa havaitut vauriot, naiden
mekanismi, sijainti ja syvyys

" Tuloksien yhteenveto yhdessa soodakattilayhdistyksen ja kattilakayttajien
kanssa

10/03/2020 VTT - beyond the obvious



Tarkastellut sulakourut

" Tutkimuksessa mukana eri tyyppisia kouruja seuraavilta

laitoksilta:

* Enocell * Oulu

« Joutseno » Pietarsaari
« Kaukaa « Rauma

» Kaukopaa * Sunila
 Kemi » Veitsiluoto
 Kotkamills « Adnekoski

Kymi

10/03/2020 VTT - beyond the obvious



Suoritetut tutkimukset

® Visuaalinen tarkastelu
kaikille sulakouruille

" Tarkempi tarkastelu 4

laitoksen kouruille:
* Mikrorakenne tarkastelut

Suuaukko
(kattilan sisalla)

naytteille kourun Kouruosa
seinamasta, pohjasta ja
jattopaadysta

« Sarojen syvyyden maaritys

» Oksidien/kerrostumien Jattopasty

(liuottajan paaty)

maaritys

10/03/2020 VTT - beyond the obvious



Huomioita visuaalisesta tarkastelusta

" Rannit olivat geometrialtaan
erilaisia
 pituus (770 mm ja 900 mm, 1
poikkeus)
 Poikkileikkaus V ja U
« Sisainen virtauskanavisto
" Materiaalit vaihtelivat
« Compoud / Laserpinnoitettu
* Musta (paadyt hitsattu eri
tavalla)
" Suuaukoissa ei havaittu
saroilya tai merkittavaa
syopymaa
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Huomioita visuaalisesta tarkastelusta
- kouruosa

Saroilya kourun seinamilla

Rassauksen jattamia jalkia

10/03/2020  VTT - beyond the obvious Saroilya kourun pohjalla



Huomioita visuaalisesta tarkastelusta
- jattopaaty

Paadyn syopymia

Paadyn syopymia

BN 2 2 '

Paadyn sydpymi

10/03/2020 VTT - beyond the obvious



Tarkemmat tutkimukset

" Neljan eri laitoksen sulakouruille
" Laitos 1, jossa eri kattiloissa eri malliset kourut

" Laitos 2, jolla ollut kaytossa seka compound & laserpinnoitetut
kourut

" Laitos 3, jossa V:n malliset kourut (toisessa saroja kouruosalla,
toisessa syopymaa paadyssa)

" Laitos 4, jossa U:n malliset kourut (toisessa saroja kouruosalla,
toisessa syopymaa paadyssa)

10/03/2020 VTT - beyond the obvious




Laitos 1 — V:n mallinen compound -kouru
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" pinnoitteen puolella n. 55 ym matkalla karbideja raerajoilla seka
perusaineen puolella n. 200 uym hiilenkatovyohyke

" pinnoitteen pinnalla kourun seinamalla pienia saroja
" ajojakso 12 kk




Laitos 1 — U:n mallinen kouru

pinnoittamattomalta kourun pohjalla suolakerrostumia seka pienia, matalia saroja
pinnoitetussa jattopaassa syopymakuoppa
" ajojakso 12 kk




Laitos 2 — V:n mallinen compound -kouru m

" seinamalla perusaineeseen ulottuvia sargja, syvimmat yli 3000 ym
" ajojakso 18 kk



Laitos 2 — V:n mallinen laserpinnoitettu kouru

" seinamalla satunnaisia saroja, jotka eivat ulottuneet perusaineeseen, syvin 1800 um
" ajojakso 18kk



Laitos 3 — syopymaa compound -kourun

jattopaadyssa
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" pinnoite-perusainerajapinnalla noin 140 um paksuinen hiilenkatovyohyke

" ajojakso 24 kk



Jattopaan syopymaa




Laitos 3 — saroja compound -kourun
seinamilla

" seinamalla perusaineeseen ulottuvia Pk
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Laitos 4 — musta kouru, saroja kourun
pohjalla

® pinnoitetta jattopaassa n. 110 mm matkalla

® pinnoittamattomalla alueella kourun pohjalla saroja,
syvyys noin 750 ym

" ajojakso 12 kk




Laitos 4 — musta kouru, syopym
dyssa

jattop

dd

dd

perusaine

0 [ Mg | Al Si | S [Ci[ Ca [ Cr [ Mn | Fe | Ni | Mo | Nb
11 - - - 05 | - | - - | 151 | - | 339 | 416 | 50 | 25
2 |- - 07 |02 | - - - 13 | 978 | - -
3 | 34,9 - 02 | 24| - | 03 - ~ [ 622 | -
4 | 403 - - |41 ] -1 04 - ~ [ 552 | -
5337 [ - - — 39 [ - - - -~ [ 623 | - -
6 | 312 | 32 | 19 [ 23 [ 13 [ - [ 12 | 18 | 25 | 529 | - 1,6
7 | 391 | - - -~ 07| -] 03 - —_ [ 582 | - 1,8
81393 10 [ 80 | 94 | 21 %’ 1,3 - - |39 | - -




Yhteenveto

Rakenne Tutkitut Syopymaa Ka. Ajoaika

Compound 6 (75%) 1 (13% 16+ 5
Laser 7 1(14%) 0 9+4
m_ Musta 12 2 (17%) 7 (58%) 11 +1

® Havaitut sarot vastasivat termisen
vasymisen saroja (rippumatta sijainnista)

® U:n mallisissa kouruissa sarot sijoittuivat
kourun pohjalle

® V:n mallisissa compound ja laser-
pinnoitetuissa kouruissa sarot kourun
seinamilla, etenivat pinnoitekerroksen lapi

perusaineeseen

» Laserpinnoitetuissa kouruissa vahemman
saroilya eika naiden havaittu etenevan
perusaineelle




Rakenne Tutkitut Syopymaa Ka. Ajoaika m

Compound 6 (75%) 1 (13% 16+5

Laser 7 1(14%) 0 9+4
Musta 12 2 (17%) 7 (58%) 111

" Tutkittujen sulakourujen jattopaadyissa
havaittiin eroosio-korroosion aiheuttamia
syopymia lahinna U:n mallisissa sulakouruissa

" V:n mallisissa kouruissa havaittiin vain
yhdessa vakavampaa syopymaa ja muissa
vain pienta kulumaa

® Jattopaadyt, joissa ei havaittu syopymaa,
rakenteeltaan hieman sulavalinjaisempia

" Yhdessa syopymassa havaittiin syopyman
|lahtevan liikkeella kahden hitsipalon
rajapinnalta => hitsauksen laadunvalvonta




Johtopaatokset — terminen saroily

® Geometriasta ja materiaalista riippumatta ® Termisen vasymisen sarojen syntyyn ja
havaittiin termisen vasymisen sargja kasvuun vaikuttavat:
« Compoud -kouruissa sarot » Sulakourun rakenne ja materiaali
perusaineelle (12 kk ~3000 um) » Suuret lampotilojen vaihtelut, esim.
« Laserpinnoitetuissa sarot eivat suuret kuorman vaihtelut ja
ulottuneet perusaineeseen (18 kk ~ sulasyoksyt
1800 pm) _ " |isaksi sarojen kasvua kiihdyttaa:
* Mustissa sarot pohjalla (12 kk ~ 750 « Liian korkea materiaalilampétila (liian
um) kuuma jaahdytysvesi ja paksut oksidit)
®  Sardjen ilmentyminen eri kohtiin kourua * Mahdollisesti saroihin paassyt sula voi
eri mallisilla kouruilla on selitettavissa syovyttaa materiaalia

seka erilaisella rakenteella (seka
ulkoinen rakenne etta virtauskanavisto)
etta eri materiaaleilla

B U-mallisissa kouruissa havaittiin selvasti
vahemman termista saroilya

10/03/2020 VTT - beyond the obvious



Johtopaatokset — eroosio-korroosio

® Molemmissa geometrioissa
havaittiin eroosio-korroosiota
jattopaadyssa, kuitenkin V-
mallisessa vain yhdessa
merkittavaa

® Eroosio-korroosion aiheuttamien
syopymien syntyyn ovat
vaikuttaneet:

" Jattopaatyjen syopymisen
estamiseksi on suositeltavaa:

* Hioa jattopaaty jouhevaksi niin,
etta sula paasee virtaamaan
liuottajaan hyvin eika aiheuta
pyorteita paatyyn eika pintaan
jaa epajatkuvuuskohtia, joihin
sulasta tai liuottajan hongasta

Paadyn rakenne ja materiaali
Epajatkuvuuskohdat jattopinnalla
Paadyn lampdtila seka

Sulan maara, virtausnopeus ja
viskositeetti

10/03/2020 VTT - beyond the obvious

aiheutuvat rikkiyhdisteet voisivat
tunkeutua aiheuttaen korroosiota.
Pidettava sulan virtaus
mahdollisemman tasaisena,
rippuen kuorman ja viskositeetin
vaihteluista

Huolehtia paatyjen laadun
valvonnasta




Tiivistelma

" Sulavirtauksen tasaisuus
« Pienemmat [ampogradientit
» Tasainen virtaus jattopaadyssa

® Jaahdytysveden lampatila

" Sulakourun geometria ja materiaali
« Jouhevuus

® | aadun valvonta

10/03/2020 VTT - beyond the obvious



Kiitos!
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Kompound-putkien korjaukset - S0-linjaus, KTR — KMP esitys 23.1.2020



” SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

Kompound-putkien
korjaukset — SO-linjaus

Konemestaripaiva 23.1.2020



” SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

Projektin tausta

« Soodakattilan korjaus- ja muutosprojekteissa mahdollista etta
putken kuorinnan (panelihitsaus vetiaa putket hieman soikeiksi)
jalkeen ollaan 13helld painetta kantavan putken laskennallista
minimid eli nk. SO-aluetta, jolloin pinnoitehitsin tunkeuma
tulee menemaan SO:n puolelle.

— Koskee erityisesti korkeapaineisia kattiloita

« Soodakattilayhdistyksen materiaalisuosituksessa linjataan on
ette1 tunkeumaa S0O:n puolelle saa olla

« Standardi (EN 12952-6, liite A kohta A.2.2.2.1) sallii
tunkeutumisen S0-alueelle tietyin ehdoin



FINNISH RECOVERY BOILER COMMITTEE

Kattilastandardi EN 12952-6: 2011
liite A kohta A.2.2.2.1

IH' SUOMEN SOODAKATTILAYHDISTYS

A.2.2.2 Vaaditut lisakokeet
A.2.2.2.1 Pinnoitteen hitsin tunkeuman syvyys

Makrohietutkimuksessa méaaritetaan pinnoitten hitsin tunkeuman syvyys ferriittiseen painetta kantavaan sisdosaan tai
hitsiin. Tunkeuma ei saa olla olennaisesti ferriittisen painetta kantavan sisdosan pinnan alapuolella. llman tunkeumaa
olevan alueen taytyy aina olla vdhimmaispaksuuden suuruinen.

Pinnoitteen hitsi voi tunkeutua lasketun ferriittiseen painetta kantavaan sisdosaan vahimmaispaksuuteen asti seuraavissa
tapauksissa:

a) lisdaineen ja hitsiaineen lujuus- ja sitkeysominaisuudet tayttavat ferriittisen painetta kantavan sisdosan materiaali-
ominaisuudet;

b) hitsausohjeiden hyvéaksynté vastaa standardin EN ISO 15614-1 seka standardissa EN 12952 esitettyja lisdvaatimuksia;

c) pinniotteen hitsin enimmaistunkeuma laskettuun ferriittisen painetta kantavan sisdosan vahimmaispaksuuteen on
1,5 mm;

d) ennen tuotantoa tehd&aan tydkoe. Kasinhitsauksessa jokainen hitsaaja tekee tytkokeen. Mekanisoidussa hitsauksessa
tehdaan yksi tydkoe kutakin hitsausohjetta kohti;

e) rikkomaton aineenkoetus suoritetaan paallehitsauksen jalkeen standardin EN 12952 mukaisesti.



| SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

Projektin tavoite

« Poistaa Soodakattilayhdistyksen suositusten ja standardien
valiset ristiriidat ja luoda yhteiset pelisadannot kaikille
liittyen tunkeumaan SO:n puolelle.

« Selvittda, seka teoreettisesti etta kokeellisesti, tayttyyko
standardin vaatimus hitsin lujuus- ja sitkeysominaisuuksien
osalta, kun hitsauksessa tunkeudutaan SO-alueelle.

 Erityisesti oli tarkoituksena selvittda, miten pinnoitehitsin
lisdainevalinta vaikuttaa muodostuvan hitsin ominaisuuksiin

* Projektia varten perustettiin projektitydryhma jossa
edustajat kattilanvalmistajilta seka tarkastuslaitoksilta.



IH | | SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE
Projektin toteutus

 Tutkimuksia varten hitsattiin 18 koehitsia.

« Tavoitteena oli saada aikaan paittaishitsejd, joissa pinnoitteen
hitsin tunkeuma SO — alueelle on valilla 1-1,5 mm.

« Hitsaukset tehtiin annetujen hitsausohjeiden mukaan:

— Paittaishitsauksen jialkeen paallehitsaus pyrittiin suorittamaan
simuloiden kattilaolosuhteita

— Hitsaus suoritettiin 1dhelld ohjeistuksen mukaista virranarvojen
yldrajaa pyrkien mahdollisimman suureen sekoittumiseen ja
tunkeumaan.

— Paéllehitsaus suoritettiin niin sanottuna eripariliitoksena, eli jokaiseen
hitsipalkoon tuli mukaan sekd seostamatonta perusainetta (tai
seostamatonta hitsiainetta) ettd kompound-kerrosta (tai seostettua
hitsiainetta).
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Soodakattilan ajo-olosuhteet ja tulipesan alaosan korroosio, Esa Vihavainen
Andritz — KMP esitys 24.1.2019
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INTRODUCTION: CHANGES IN THE PROCESS A

Corrosion problems are quite typical also in modern composite furnaces.
Several factors during past 20 - 30 years changed which has increased
the furnace corrosion risk:

- Dry solids content increased from 65% to 85%

- Furnace loading increased from 15 to 22..25 tds/d, m?

- New more efficient air systems in operation (Vertical air)

- Furnace sizes increased a lot

- Boiler operation pressures increased

There have been always Char Bed problems in the recovery furnaces.
Today furnace conditions are very harsh, furnace temperatures are a lot
higher than before. +50% more black liquor is sprayed now to same
furnaces, so no wonder that there might be some char bed issues.

/ ANDRITZ RECOVERY BOILERS / lower furnace tube cracking vs. furnace operation



INTRODUCTION: COMPOSITE FURNACE CORROSIONA

There are several different types of corrosion where furnace operation has less impact, like:

1. Stress corrosion cracking of composite floors

2. "Cold side” NaOH corrosion
of primary air ports

3. "Galvanic”-corrosion of the carbon-corhposite butt-welds
in the floor tubes

These items are not discussed in this presentation

4/ ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



INTRODUCTION: OVERHEATING AND CRACKS

There are three main factors to cause overheating and thermal fatigue
cracking of furnace tubes in the recovery furnace. Overheating means
here, that some tube surface/material becomes at least 50 — 100°C
hotter than tubes having a normal condition.

1. Excessive heat flux to the furnace tube surface (char bed and smelt)

2. Overheating caused by deposit layers inside the furnace tubes
(water chemistry issue, not discussed in this Presentation)

3. Loss of cooling due to stop of circulation in furnace tubes or steam
blanketing in the floor tubes (not discussed in this Presentation)

5/ ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



INTRODUCTION

This presentation is based on furnace failure cases during past 20 — 30
years. What we've seen, learnt and how we have fixed the root causes by
tuning the operation together with the mill experts and operators.

Target of this presentation is to introduce the causes for typical lower
furnace overheating and cracking problems. How to identify them, find out
when the situation is critical and how to fix the operation immediately.

Fixing the operation becomes easier if operators understand what is
causing the problems. Issues can be identified early enough and
operation can be fixed before tubes been damaged.

Not only training, but additional tools are needed to help operators work.

6 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



FURNACE OPERATION AND THE CHAR BED A

Char bed burning near the walls

When char bed burns in the contact with the furnace
walls, the tubes receive higher heat flux. There is more
corrosion in the lower furnace in these places.

Usually more intense burning (hot spots) takes place in
the vicinity of primary air jets when char bed is very near
the primary air ports.

Sometimes char bed can even be against primary air
ports or smelt spout openings. Usually this condition
leads to severe corrosion especially when

- Black liquor dry solids content is high, or

- Furnace tubes contain inner deposit layers

Spout opening

High bed and a pile of char at top of the spouts.
No air flow to spout opening to keep it clean.

Burning char and smelt is in contact with spout opening tubes
= risk of spout opening tube corrosion (cracks or general corrosion)

7 /| ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



FURNACE OPERATION AND THE CHAR BED A

Char bed burning near the walls

When char bed burns near the walls, more corrosion problems
exists in the vicinity of primary air jets, typically in the furnace
corners, primary air ports and in the floor tubes near the walls.
If smelt pool takes place, "overheated” smelt contact increases

the tube material temperature, causing thermal fatigue cracks in
Aisi 304L layer of the composite tube.

Smelt contact with air ports = corroded air port sleeves or
cracks or general corrosion of tube surface of primary air port
by-pass tubes

Smelt contact with front/rear wall floor bends

8 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



TYPICAL CORROSION CASES IN THE LOWER FURNACE
SIXCASES A, B,C,D,E,F, G

CRACKS AND OVERHEATING CAUSED BY
HIGH CHAR BED & LOCAL "HOT SPOTS”

9 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



Case A Local floor tube cracks and a leak due to tube material
overheating. Local high char bed, "hot spot”

Rec. Boiler 800 tds/d, DS 70%, splash plates

|
U H#6 Burner

Spray tip, West Spray tip, East

ffﬂ ‘-“'--\%

Front
wiall

Spout
il

Tube failure |
Floor Tube No1 %3 Burner
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Case A Floor tube cracks caused by local overheating (high char bed)
Recovery Boiler 800 tds/d, DS 70% , splash plates

Furnace tubes below the burner
were discolored black.

High heat flux to floor tubes and
floor — sidewall sealing

11 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



Case A Floor tube cracks caused by local overheating (high char bed)
Recovery Boiler 800 tds/d, DS 70% , splash plates

A

Floor tube overheating because of high local bed,
"hot spot”. No corrosion indications elsewhere.

High local bed (hot spot) in front of gas burners 3 at right
side wall. Air jets inside furnace throw more particles to
that spot. Also gas burner 3 flame bends down_touching
floor tubes in this same spot.

Right wall
- i

REpIHAN LR 3k tEas Firing only.
A £

- Ml

Gas Burner4

BUPner-3

4w High Local Bed

L1 . : . L . ]
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Case A View through Gas Burner openings during liquor firing

A

High local bed in
front of burner 5

High local bed in
front of burner 3
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Case A Lot of char particles flying and piling up in front of Burner 3, close to wall
=» high and hot local bed =»Temperature spikes in the floor tubes A
Caused by “overheated” smelt attack to the floor tubes below.

(Photos from the video, Start-up burner 3)

14 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



Case B Local floor tube cracks and a leak caused by thermal fatigue.
High local char bed, "hot spot”
Recovery Boiler 3500 tds/d, DS 75% , splash plates

A

15/ ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



Case B Local floor tube cracks and a leak caused by thermal fatigue

Critical Incidents / Leaks "
Leak at Recovery boiler floor :

16 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



Case B Local floor tube cracks and a leak caused by thermal fatigue

Critical Incidents / Leaks
Leak at Recovery boiler floor
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Case B Local floor tube cracks and a leak caused by thermal fatigue A

8. FURNACE CONDITIONS VS. DAMAGE LOCATION

The damaged tubes must have been exposed to high heat flux from the top.
YVisually it looks that the furnace is hotter and more char burning at the spots
where damages locate. Also the primary air port sleeves have been corroded in
the same locations. In the Cctober shutdown totally 18 pieces of cast air
nozzles had to be replaced:

- Front wall: 4 — 6, 14—-18

- Right wall- 4 & 5

- Rear wall: 3,5, 8- 11

-  Leftwall: none

8.1. Failure theories

The damaged prnmary air cast sleeves located exactly at the spots where
fumace temperature is higher and char is burming just in front of the pnmary air
ports. The indications and cracks are located near the front wall just under the
primary air jets. What i1s the impact of the pnmary air?

Fig. 11 Primary air jet vs. location of tube damages at the front wall

18 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION

FRONT ¥WALL
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_1.

.
> 20

RIGHT WALL
I LA

N "

REARWALL

1l €

Damaged primary air opening sleeves

A lot of burnt primary air
port sleeves in same
location than cracks in
the floor tubes



Case B Local floor tube cracks and a leak caused by thermal fatigue

6. TEMPERATURE SFIKES IN THE FLOOR TUEBES

249th Mal I EBallar shut dorwm
" | l at st of Aug, Sth Sep. Seh O,
| = l‘ | |
i3 .JMAndJU ,A\_ i ' b
-“.--H-_u l ‘__L. Ir'_..L..._uII_!-L_.‘'--'-r--,_z-'._'_-‘J'ﬁ'H'-.--w--""—"'---I Irl__. ]LLI__ﬁ..J.._._l el I i |

[P S o —

s e L v ey =TT L riin T

Fig. 5 Floor temp spikes in failed area, scale 250 — 400°C/ normal 3167 C

Floor tube temperature spiking (=thermal fatigue condition)
disappeared when operation was tuned in September.
High char bed and "hot spot” —conditions could be fixed.
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Case C Lower furnace cracks caused by local overheating,”hot spots”
Recovery Boiler 650 tds/d, DS 75%, splash plates A

20 / ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION




Case C Lower furnace cracks caused by local overheating,”hot spots”
Recovery Boiler 650 tds/d, DS 75%, splash plates

1. Smelt contact to primary air port tubes causes
high heat flux and thermal fatigue cracks

2. Smelt flows down,
burns floor—sidewall
seal membrane

In a recovery bao
burming char
photos below.

ller in Spain. More damages occurred at the walls where
practically in the contact with prnmary air ports. See the
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Case D Damaged primary air port sleeves, cracks in the tubes
Recovery Boiler 700 tds/d, DS 63%, splash plates A
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Case D Char bed location and temperature spiking

Bed camera view

A lot of temperature Spiking and corrosion
at front Wa” Wheﬁe the bed WaS_ Vel’y NO temperature Spiking,

No corrosmn at side & rear wall
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Case D Thermocouple location in the lower furnace tubes

Primary Air Nozzle Primary Air Port

o = I Thermocouples
B (=]

A

24 | ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION

Spout




Case D

Measured temperatures around the furnace

‘Sleewe FinA FinB FinB FinA FinB FinB Sleeve
408.3 349.8 275.4 3045 339.7 214.7 317.4 2962
336.1 295.3 2945 288.9 234.7 230.3 2ZB8T.T7T 348.5
T 55 21 1& 45 =4 30 48 I -I
| |
Sleewve Sleewve
16Z2_0 195 9
1448 — -— 1651
Y \ / E
Membrane temperatures at
the side walls average about
230°C
Low T excursions
Sleswve
Sleewe 167.2
defective 1487
defective 13
Fin A Fin B Fin A Fin B
290.3 257.4 at Front wall average 290°C 276.4 252.7
2271 Z2z24.85 —™ - Z3T. &8 Z26.6
Sl High T Excursions 0 =8
Fin A Fin B Fin A& Fin B
342.3 247.0 — / l l \ ~— 263.0 263.3
2336 Z26.% 2301 Z3I1.6
&9 21 33 e
T max "C Slesus r T Sleawve
J334.9 2.0
2T7T9.4 2826
T avg nc 116 83
Fin A& Fin B Fin A Fin B Finm A& Fin B Fim A& Fin B
dT ﬂc \. 3514 3111 3.0 395 2 3200 3I84.D I20.0 3I41.0
\—\_\354,? 288.8 2886 2986 289.9 202.8 288.8 2920
=T s 2 aTF 30D 21 =1 43
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Case D Temperatures trends around the furnace
A lot temperature spikes at front wall, small spikes other walls

Sleeve
195.9

+— 165.1
21

Sleewe
1620
144 8 —»

17

1 day Oct 04

Bed very close to
front wall
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Case D Front wall temperature trend

- OF_Pecevary Tread display @ PCTIOOOT_I0 CLMS
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Temperature excursions
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Case E

Primary airport tube cracks
Recovery Boiler 2000 tds/d, DS 80%, splash plates

l Cracks and burnt nozzles in corner openings
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REX
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Case E Location of the cracks, Composite tube 304L vs. San38 a

No cracks in the opening tubes but in the second tubes

San38 tubes = no cracks
304L tubes = cracks

304L 304L San38 San38
%,

m
SRR A
by M ey { E
& e -
I
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Case E Thermocouples installed, high temperature spikes monitored a

Floor tube temperature spiking (= thermal fatigue condition)
disappeared when operation was tuned in September.
High char bed and "hot spot” —conditions could be fixed.
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Case F Primary airport tubes and Spout opening tube cracks a
Recovery Boiler 1000 tds/d, DS 71%, splash plates
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Case F Primary airport tubes and Spout opening tube cracks a
Recovery Boiler 1000 tds/d, DS 71%, splash plates

Bed was high at all the walls. High bed at the spout wall caused a lot of problems:
- Heavy smelt flows, unburnt in the smelt

- Increased primary air flow needed

- Corrosion/cracks of primary air ports and spout opening tubes

Operation tuning fixed all these problems. New operation practically stopped the corrosion
in the lower furnace.

High bed and a pile of char
in front of spouts

No air flow to to keep
openings clean.

Burning char and smeltis in
contact with tubes
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Case G Primary airport tube cracks
Recovery Boiler 1200 tds/d, DS 75%, splash plates
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Case G Location of the crack and Bed camera view

It is difficult to see when the condition is

critical from the front wall camera view
- -

It is easier to see from right sidewall camera,
that hot char bed is burning close

to the rear wall corner ports
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Left sidewall




Case E Primary airport tube cracks at front wall
Recovery Boiler 5100 tds/d, DS 80-81%, splash plates A

There have been a lot of problems
with primary ports cracking at

Front wall primary airport tubes.

Photo from 2013 shutdown reveals
that hot char bed has been
burning close to the front wall

primary airports.

There have been a lot spikes in
temperature measurements of

Primary air port membranes at

the Front wall.
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Case E Furnace Bed Camera view

Case G A

Char bed tuning is not easy with a camera
view like this.

Below is the view what we'd like to see.
Good camera shows details about the
char bed =» easier to tune up and avoid
cracking problems.
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CHECK LIST: IN CASE CRACKS IN LOWER FURNACE A

1. Training of operators and maintenance experts

2. Inspections in shutdowns
- Operation experts should participate in the inspections during shuts
- Teamwork to find out root causes (Operation and Inspection experts)

3. Visual observation: Camera view + How Prim.ports look locally

4. Fix the problem: Operation tuning, lower the char bed height or move
char bed away from primary air ports having problems

If this doesn’t help, additional actions needed, items 5 — 7.

37 | ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



CHECK LIST: IN CASE CRACKS IN LOWER FURNACE A

5. More training of operators, testing and tuning together with experts

6. Improve char bed camera view quality

7. Install thermocouples, alarms, trends to help tuning
- In many cases thermocouples are the best tool

to find out how to fix the problems
- Thermocouples are not expensive investment (compared to

production losses)
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GOOD BED CAMERA VIEW WITH TEMPERATURE INDICATION

CAMERA WITH TEMPERATURE INDICATION GIVES A LOT
OF INFORMATION HOW THE FURNACE IS OPERATING.
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GOOD BED CAMERA VIEW VS. TIME (DS, SHIFTS OPERATION)

CAMERA TAKES A SNAPSHOT ONCE A MINUTE AND RECORDS IT.
OPERATORS CAN SEE THE CHANGES IN THE CHAR BED
DURING HIS SHIFT, ONE DAY OR ANY TIME PERIOD.
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THERMOCOUPLES; NUMBER AND LOCATION

1% wTRd

eay

SodTH

AL

Mill E maintenance experts prepared a detailed map of corroded (cracked) primary air ports with

history information. Based on this map and visual observation, the exact location and number of
thermocouples to be installed in the shutdown were selected

41/ ANDRITZ RECOVERY BOILERS / LOWER FURNACE TUBE CRACKING VS. FURNACE OPERATION



HOW TO CONTROL CHAR BED SIZE AND LOCATION A
(WITHOUT SACRIFICING OPERATION, EMISSIONS, FOULING, REDUCTION

EFFICIENCY, SPOUT OPERATION)

Usually, when black liquor & char can be equally distributed on the furnace
cross section, everything comes better also in the process point of view.

Furnace can be adjusted by tuning
1. Black liquor spraying

2. Secondary air

3. Fine tuning with Primary air

A couple of more detailed examples will be presented during
Konemestaripaivat slide show.
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HOW TO CONTROL LOWER FURNACE AND CHAR BED A

Tertiary air

Black liquor

IMPORTANT
ZONE!

Secondary air

LIQUOR SPRAYING AND
SEC. AIR ARE IMPORTANT!
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LOWER FURNACE OPERATION AND MATERIALS

Temperature variation
T}, 300

A

300 -700 C ]
B Compound AlSI 304/SAZ210
B Sanicro 38

SANICRO 38 B Carbonsteel SA 210-A1

3oo-s00C 0

7500
Joo-400C T

1000 3000 5000 7000 9000
Number of cycles required for a crack

This presentation doesn’t cover material selection.

However, material selection is important when
minimizing the risks and shutdown time!

Key target is to get rid of the root causes in the
furnace operation, but it is recommended to invest
money on better materials to give better protection
against thermal fatigue.
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SUMMARY
A

Most of the critical furnace floor tube, primary air port opening tube and smelt spout
opening tube cracking failures and indications are caused by char bed behavior
and "overheated” smelt contact with the tubes causing thermal fatigue cracks. In
worst case a rapid overheating failure of the furnace tube can take place.

Correct material selection extents the tube material lifetime. Better materials are
more expensive but it gives a lot of valuable benefits: shorter shutdown (less repair
and inspections during shutdowns, less replacement repair needed).

It is possible to identify critical conditions when furnace tubes may damage.
Operation and maintenance team training is recommened. Char bed camera view
has to be good. When critical condition has been identified, it is possible to fix the
furnace operation. Additional material temperature measurements may be needed.
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loninvaihto metsateollisuuden vedentuotannossa, hallinta, seuranta ja
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loninvaihto metsateollisuuden vedentuotannossa.
Hallinta, seuranta ja toimenpiteet

Karri Aunola
22.1.2020

A Teollisuuden Vesi



Tausta ja tavoitteet (1/2)

Kaikkien soodakattiloiden vedenkasittely perustuu ioninvaihtoon

Vuosittain useita ioninvaihtoon liittyvia ongelmatapauksia (nopea ilmaantuminen,
yllatyksellinen)
— Kapasiteetti, vuoto, hartsien karkaaminen

Tehtaan oma ioninvaihdon osaaminen ja resurssit eivat meinaa riittaa
Vedenkasittelyyn panostaminen tapahtuu ongelmatilanteissa, ei ennakkoon

A Teollisuuden Vesi



Tausta ja tavoitteet (2/2)

Koska seuranta ja osaaminen vajaata, aiheuttaa lisakuluja (tuotantojarrutus ja
pahimmillaan seisakit) seka ongelmatilanteiden tyota

— Ongelmatilanteessa lahes ainoa toimintamalli on vaihtaa hartsit. Ongelmien syyt ja vaihtoehtoiset
toimenpiteet jadvat selvittamatta, koska ongelmatilanteessa paatavoite on saada tilanne haltuun

Hartsitoimittajia on vahan ja toimitusajat ovat pitkia (jopa 0,5...1 vuosi)

Hartsien toimintakyvyn seuranta ja ymmarrys prosessista lisdavat toimintavarmuutta
seka auttavat ennakoimaan ja valttamaan ongelmatilanteita
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Sisalto ja tiivistelma

loninvaihtohartsien toimintakyvyn seuranta hartsinaytteista
— Mika on hartsien toimintakyky ja miten se on muuttuu ajan myoéta. Toimintakyvyn arviointi ajan mukaan

- ToimenpidemééritteIY]: erityiskasittely, onko tapahtunut poikkeavaa kulumista, milla aikataululla
varauduttava uusien hartsien hankintaan

— Lopputuloksena kaikille tehtaille sopiva seurantamalli (riittavan tarkka ja taloudellisesti perusteltava)

Vedenkasittelyprosessin toimintavarmuuden hallinta

— Vuosittaisten toimenpiteiden linjaus (erikoispesut). Lahtdtietona toimiva toimintakyvyn seuranta
— Hartsien kulumisen mukaan arvioitu uusien hartsien hankinta

— Laitoksen omassa varastossa varalla pidettavien hartsien maara toimitusaikojen mukaan

loninvaihtohartsien ongelmien tarkastelu
— Kerataan ongelmatietoja tehdashaastatteluilla: ongelmien yhteenveto

— Hapettimien ja muiden ongelmayhdisteiden oletetut vaikutukset: sopiiko oletus seurannan tuloksiin
(hallitut laboratoriokokeet vertailua varten)

— Toimenpiteet ongelmatekijoiden minimointiin tehtaalla

A Teollisuuden Vesi
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