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CFD MODELING OF REDUCED LIGNIN BLACK LIQUOUR COMBUSTION

Nikolai DeMartini
Abo Akademi
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CFD Modeling of Reduced Lignin
Black Liguor Combustion

Markus Engblom, Niko DeMartini,
Abo Akademi

Objective and CFD runs 1-3

CFD modeling for studying what operational changes may
be needed when firing reduced lignin black liquor

CFD modeling of Wisaforest recovery boiler
Run 1: Base Case, 100% MCR, flue gas O, 3% (wet)

Runs 2 and 3: 10% and 20% lignin removed, total air
adjusted for flue gas O, 3% (wet), other variables
unchanged — presented here

Runs 4-7: 10% & 20% lignin removed, modifications to
air distribution and liquor spraying — spray
modifications presented here, air cases to be run this
fall




Modeled Black Liquors (1/3)

C 32.2 64.5 Composition of
reduced lignin BL
H 3.3 6 based:
N 0.09 0.1
Na 21.4 0.3 * Lignin content
K 24 0.05 of BL: 36 wt-%
Cl 0.3 0 « 175 kg H,SO,/ton
Tot. S 6.4 25 lignin precipitated
1
SO4 54 0 H
OH 1.74 0
HHV
(MJ/kg d.s.) 13.2 26.5

1 Tomani, P. The lignoboost process. In Proceedings to The 2" Nordic Wood Biorefinery Conf., 2-4 Sept. 2009,
Helsinki, Finland, pp. 181-188.

Modeled Black Liquors (2/3)

32.2 30.9 28.9

H 3.3 3.2 3.03

N 0.09 0.09 0.09
Na 21.4 22.8 23.9
K 2.4 2.6 2.7
Cl 0.3 0.32 0.34
Tot. S 6.4 7.0 7.5
SO4 54 6.7 7.87
OH 1.74 1.4 1.1

HHV
(MJ/kg d.s.) 13.2 12.4 11.6




Modeled Black Liquors (3/3)

Liquor d.s. (wt-%)

Volatiles (kg/kg d.s.) 0.337 0.337 0.337
Char-C (kg/kg d.s.) 0.143 0.103 0.074
Inorganics (kg/kg d.s.) 0.516 0.555 0.585
Na,S (kg/kg d.s.) 0.115 0.120 0.121
Na,SO, (kg/kg d.s.) 0.080 0.101 0.118
Na,CO, (kg/kg d.s.) 0.320 0.335 0.345
HHV (MJ/kg d.s.) 13.2 12.4 11.6

Liguor feed and combustion air

Liguor feed (tds/d) 5320 5160 5000

Of MCR (%) 100 97 94

Air (kg/s) 272 256 232

Air (Nm3/s) 211 199 180
Primary 23% 23% 23%
Secondary 43% 43% 43%
Tertiary 35% 35% 35%

Target flue gas O,

(% wet) 3.0 3.0 3.0




CFD calculation strategy

Set up Base Case
Liquor and air mass flows
Droplet size for C-balanced situation

Reduced ligning cases
Liquor to 10% or 20% reduced lignin
Total air for target 3% O, (wet flue gas)
Other variables remain the same

AA CFD Recovery Furnace Model

* Fluent based
-AA sub-models for droplets and char bed

Gas phase combustion

Droplet conversion Char bed burning

AN




Char bed burning model

Carbon input Char carbon
by droplets conversion

@)
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----------------------------------------------------------------------------------------------

CFD results




Wisa liguor gun locations

Temperature

Original liguor 10% reduced lignin 20% reduced lignin

T(°C)
1500
1400
1300
1200
1100
1000
%00
800
700
600
500
400
300
200
100




O, concentration

0, Original liquor 10% reduced lignin 20% reduced lignin

(mole fraction)

0.21
0.20
0.19
0.18
017
0.16
0.15
0.14
0.13
0.12
0.1
0.10

0.09
0.08
0.0v
0.06
0.05
0.04
0.03
0.02
0.01
0.00

Carbon to walls/bed

Original liguor 10% reduced lignin 20% reduced lignin

(gC/s/m?)

=50
47
43
40

37

Left wall, back wall, and char bed




Carbon to walls/bed

Original liguor 10% reduced lignin 20% reduced lignin
(gCl/s/m?)
>50
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43
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33
30
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20
17
13
10
7
3
0
Right wall and front wall
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35
30
25
e\
% 20
S \\\\ Tertair
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Tertair
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Liquor
5
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0 0.2 0.4 0.6 0.8 1 1.2

Carbon loading (kgC/s/m)




Furnace carbon conversion

40 Bullnose
35
30
25
SN
5720 _
‘© Tertair
I
15
\ \ \ase Case .
Tertair
10 -10% ligni
-20% |igr},\< { ]
iquor
5
((/ Sec air
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1.2

Carbon conversion (kgC/s/m)

Fate of char carbon

In liquor feed
in-flight conversion
to bed/walls
conversion on
bed/walls

carbon accumulation

8.81
3.90
4.91

4.70
0.21

6.19
2.60
3.59

4.37
-0.78

4.30
1.79
2.51

4.10
-1.59




Fate of char carbon

In liquor feed 100.0 100.0 100.0

in-flight conversion 44.3 42.0 41.6

to bed/walls 55.7 58.0 58.4
conversion on

bed/walls 53.4 70.5 95.5

carbon accumulation 2.3 -12.5 -37.1

Carbon accumulation and comb. air

carbon accumulation
(kg/s) 0.21 -0.78 -1.59

Air to balance carbon
(kg/s) 2.4 -8.9 -18.2




Conclusions - Runs 1-3

Less char-C with lignin removal
Lower furnace less loaded with char-C

Dynamic situation of more carbon
conversion than delivery

Operational changes
Reduce prim/sec air (runs 4 & 5) and/or
Change spraying — larger droplets (runs 6 & 7)

Runs 4 & 5 — Reduced air

Primary and secondary air need to be
reduced to reflect the reduced char carbon
load to the lower furnace

Not presented here - to be run this fall




Runs 6 & 7 — Larger Droplets

Larger droplets will result in more carbon
reaching the lower furnace - to provide a carbon
balance based on the original primary,
secondary and tertiary air distribution

In practice this larger particle size distribution
would be achieved by reducing the firing
temperature or changing the spray angle or
nozzle

CFD runs 6 and 7

Objective:

Increase char-carbon delivery to lower furnace
until carbon accumulation = 0

By increasing droplet size in liquor spray
(lower liquor T)

Spray angle and nozzle unchanged

Run 6: 10% lignin removed
Run 7: 20% lignin removed




CFD runs 6 and 7

Note: Droplet size, liquor temperature, droplet
velocity, etc — freely adjustable, independent
parameters in CFD model

For Runs 6 and 7, droplet size, droplet velocity,
and liquor temperature linked to each other in
CFD model

How are droplet size and droplet velocity
connected to liquor temperature?

Spray characterization (Miikkulainen et al.)

Nozzle A Nozzle B

| NozzleA | NozleB |

Nozzle pipe diameter 27 mm 28 mm
Splash plate angle 23° 36°
Nozzle exit area Partly reduced Not reduced

reduced by plate?




Liquor T - droplet size — dependence
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Liquor T - droplet size — dependence

Nozzle A Nozzle B
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Liquor T - droplet velocity — dependence
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Liquor T - droplet velocity — dependence
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Liquor T - droplet velocity — dependence
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Liquor T - droplet velocity — dependence

Generic correlation for CFD
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CFD runs 6 and 7 vs. Base Case

Average droplet size 5.7 mm 12.5 mm 23.0 mm
Initial droplet velocity 15.0 m/s 12.7 m/s 9.2 m/s
Excess temperature 18.4 °C 13.7 °C 6.5 °C
Liquor T changed
from Base Case -4.7 °C -11.9°C

Temperature (-10% lignin)

10% reduced lignin 10% reduced lignin
T(°C) with dp 5.7 mm with dp 12.5 mm

1500
1400
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1000
900
800
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400
300
200
100
0

Side Front
view view




Temperature (-20% lignin)

20% reduced lignin 20% reduced lignin

with dp 5.7 mm

T(°C)

with dp 23.0 mm
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II 1300
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Carbon to walls/bed (-20% lignin)
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Furnace carbon conversion (-10%)
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Furnace carbon conversion (-20%)
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In liquor feed
in-flight conversion
to bed/walls
conversion on
bed/walls

carbon accumulation

8.81 6.19
3.90 2.60
4.91 3.59
4.70 4.37
0.21 -0.78

6.19
1.01
5.18

5.16
0.02




Fate of char carbon (-10%)

In liquor feed 100.0 100.0 100.0
in-flight conversion 44.3 42.0 16.3
to bed/walls 55.7 58.0 83.7
conversion on
bed/walls 53.4 70.5 83.4
carbon accumulation 2.3 -12.5 0.3

Fate of char carbon (-20%)

In liquor feed 8.81 4.30 4.30
in-flight conversion 3.90 1.79 0.24
to bed/walls 491 2.51 4.05
conversion on
bed/walls 4.70 4.10 4.02

carbon accumulation 0.21 -1.59 0.03




Fate of char carbon (-20%)

In liquor feed 100.0 100.0 100 0
in-flight conversion 44.3 41.6
to bed/walls 55.7 58.4 94.3
conversion on
bed/walls 53.4 95.5 93.6
carbon accumulation 2.3 -37.1 0.7

Conclusions - Runs 6 and 7

With lignin removal and air split unchanged
considerably larger droplets are needed to
reach carbon balanced situation (="steady
operation”)

Estimated to correspond to a decrease in
liguor temperature of 4.7 °C or 11.9 °C when
10% or 20% lignin removed respectively

Results suggest both liquor temperature and
air distribution will need to be adjusted
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Sisalto

Johdanto

Viskositeettimittaukset

Haihduttimen toiminta, putkistot ja pumput
Viskositeetin vaikutus pisaroitumiseen
Johtopaatokset

Jatkotutkimuksen aiheita
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Tyon tavoite

« Taman projektin tavoiteet olivat:

— Selvittda jatkuvatoimisen kapillaariviskometrin
soveltuvuutta tehdasolosuhteissa viskositeetin
mittaukseen.

— Mitata mustalipean ei-Newtonilaisuutta kokeellisesti
leikkausnopeuden funktiona.

— Seké selvittda viskositeetin ja ei-Newtonilaisuuden
vaikutuksia mustalipean pumppaukseen, virtauksiin
seka pisaran muodostukseen kirjallisuuden avulla seka
laskennallisesti.

A

J_\alto University

chool of Engineering

Johdanto

 Viskositeetti on yksi olennaisimmista mustalipean
ruiskutukseen liittyvista ominaisuuksista jotka
vaikuttavat soodakattilan toimintaan.

 Viskositeetti kuvaa nesteen kykya vastustaa liiketta.

A

Vedetaan A kokoista levya
nopeudella v, etaisyydella z
pinnasta, voimalla F.
Leikkausjannitys on talloin

_F_ dv_ v
A T_A_'udz_uz

Aalto University
School of Engineering




Johdanto

* Nesteiden kayttaytyminen voidaan jakaa Newtonilaisiin
seka ei-Newtonilaisiin. Esitetaan leikkausjannityksen ja
leikkausnopeuden riippuvuus seuraavasti.

du\"
T=uU (E) =uy"™ = pua(¥)y

* U, On ndennainen (apparent) viskositeetti joka on
leikkausnopeuden funktio.

 Newtonilaisilla nesteilla n = 1. Ei-Newtonilaisilla nesteilla
n poikkeaa arvosta 1, jokon<ltain>1

A

J_\alto University

School of Engineering

Johdanto

 Mustalipea on laimeana ja

kuumana Newtonilainen (n=1) = Viscoplastic n
o Korkeakuiva-aineisena ei- - -
. . ingham
Newtonilainen ja Plastic

pseudoplastinen (n<1)

Shear Stress

Pseudoplastic
Newtonian Fluid_J
Dilatant Fluid

L 1 1 1

Shear Rate

A

J_\alto University
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Johdanto

» Jos tarkastellaan mustalipeén elinkaarta tehtaalla
haihduttimilta [ahtien, viskositeetin vaikutus on suurin
haihduttamolla loppupaassa ja sen vaikuttaa olennaisesti
valuvan nestekalvon kayttaytymiseen seka lammaon- ja
aineensiirron osalta ettd likaantumisen kannalta.

 Viskositeetti vaikuttaa my6s pumppujen ja sekoittimien
vaatimaan tehoon seka virtaukseen putkistoissa.

* Viskositeetti vaikuttaa moniin asioihin ruiskutuksessa,
seka ruiskujen sisaisiin ilmioihin eli kiehumiseen ja
hoyrykuplien kasvunopeuteen seka tietenkin pisaroiden
muodostumisnopeuteen.

A

Aalto University
School of Engineer

Viskositeetin mittaus

e Tassa tydssa mustalipean viskositteettia mitattiin seka
Labtiumin standardilaitteella (Haake, RheoStress 6000
with Haake Pressure Cell D100/200) etta yksinkertaisella
kapillaariviskometrilla (suoran putken painehavio-
massavirtamittaus)

» Tavoite oli selvittda jatkuva toimisen kapillaariviskometrin
tarkkuutta seka tutkia mustalipean ei-Newtonilaisuutta
kokeellisesti.

» Korkealaatuinen kalibrointineste toimi vertailukohtana.
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Viskositeettikuvaaja
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Shear rate, 1/s

Kuvassa on esitetty Cassonin malli,

joka toimii hyvin mustalipedlle

Leikkausjannityskuvaaja

Shear stress, mPa
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Havaintoja

Suurella leikkausnopeudella viskositeetti pysyy
vakiotasolla ja lipea kayttaytyy kuten Newtonilainen
neste, talta alueelta esim. Labtiumilta tilattavat
perusanalyysit ovat.

Kun leikkausnopeus laskee alle arvon 50 1/m,
viskositeetti alkaa nousta jyrkasti.

Lopulta liike pysahtyy kun leikkausjannitys laskee alle
arvon 0.1 Pa, tama vastaa myo0tOrajaa

Mittauslaitteen toiminta-alue ei ylla myotérajan tarkkaan
maaritykseen, arvo on saatu ekstrapoloimalla Cassonin
mallista, t, = Uea? = 0.103Pa , kts. edellinen kuvaaja

A
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Viskositeetin mittaus tehtaalla

,, Aalto-yliopisto
Teknillinen korkeakoulu




Online viskositeettimittari

Flow direction

—

_""J: Mass flow

meter

Temperature
control liquid
Temperature control output
liquid input pommmme R
Vent 1 I Vent
1 T T 2
Pressure
Te:rlﬂp- difference Temp. Pressur | Temp.
meter 2 e 3
Thermo oil

Flow out
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Online viskositeettimittari, tehdaskoe
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Apparent viscosity [Pa-s]

0,14

0,12

0,1

Black liquor (129°C)
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Online viskositeettimittari, kalibrointi

Kalibrointioljy

ISO 170251 / ISO Guide 34
VISCOSITY AND DENSITY
REFERENCE STANDARD

N75

Tarkkuus
laboratoriossa
15%

Tarkkuus
tehtaalla
huonompi
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Measured and table value (cubic fit) of wscosity
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temperature (°C)
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Viskositeetin mittaus laboratoriossa

Aalto University
School of Engineering

Viskositeettin letkkausnopeusriippuvuus
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Leikkausnopeus, 1/s




Viskositeettin leikkausnopeusriippuvuus
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Leikkausnopeus, 1/s

Haake viskositeettimittari, kalibrointi

Kalibrointioljy

ISO 170251/ 1ISO Guide 34 VISCOSITY AND DENSITY REFERENCE

STANDARD N4000

Tarkkuus leikkausnopeudella 288 1/s
lampotiloissa 60-80°C, 8-16%

Tarkkuus huononee korkeammissa
lampdotiloissa
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Viskositeettl, leikkausnopeus ja pumppaus

 Pumpuissa ja vastaavissa laitteissa pyorimisnopeudet
ovat erittain suuria ja talléin myos leikkausnopeus on
erittain suuri.

« Leikkausnopeuden maksimiarvoa voidaan arvioida
roottorin halkaisijan d, karkivalyksen e ja

pyorimisnopeuden n avulla,
mdn

VY = o

e Jose=2mm,d=0.3mjan =60 1/s leikkausnopeus
on 28 300 1/s, eli reilusti vakioalueella.

A
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Viskositeetti ja putkivirtaus

 Viskositeetti vaikuttaa mustalipean virtauksen
painehavioon putkissa

* Yleensa virtaus on laminaarinen suurissa putkissa, el
Re < 2300, joten putken painehavio saadaan
yksinkertaisesti seuraavan yhtalon mukaan.

Ay — £k uj 64L ui 32uqu L 128ugmlL
P=l 3P T RedP 2= @@ o

L on putken pituus, m on massavirta, p; on mustalipedn
tiheys, u, on apparent tiheys ja d on putken halkaisija.
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Viskositeetti ja putkivirtaus

« Leikkausnopeus |. nopeuden gradientti virtausta
kohtisuoraan laminaarissa 1D putkivirtauksessa
saadaan seuraavasti

. _du 8u; 32m
V=427 7d T @3y,

» Jos esim. putkikoko on d = 50 ja 100 mm, massavirta 5
kg/s, tiheys 1400 kg/m? leikkausnopeudeksi saadaan
vastaavasti 467 ja 914 1/s, jolloin ollaan reilusti
"tasaisella alueella”.

A
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Pisaroituminen ja viskositeetti

PFhotron

» Pisaroiden g e
muodostuminen aike
alkaa kalvon 1.7 kgls
hajoamisella ja 1gnar
. . ds:75.4%
rihmojen
syntymisella

* Rihmat kuroutuvat
pisaroiksi
pintajannityksen
vaikutuksesta

A
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CFD mallinnuksen periaate

o Kaytettiin ANSYS FLUENT ohjelmaa pisaroitumisen
laskentaan, vapaan pinnan laskenta, 3D kuvaus

« 1 mm,3 mm ja8 mm pisarat venytettiin 8:1
sylintereiksi ja paastettiin vapaaksi ja annettiin
pintajannityksen vetaa kokoon

» Verrattiin lisdksi eroa Newtonilaisen ja ei-
Newtonilaisen tilanteen valilla.

A
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An I m aatl O Newtonian
——————————————
i time: 0.000000

non-Newtonian

A time: 0.000000

Aalto Unl\rerait_y
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1 mm pisarat

Newtonian

300 mPas ———

0-0.15 s

* Todellisuutta
vastaava tilanne
hieman hitaampi.

« 15m/s
lahténopeudella
pisara valmis 2.2 m
paassa

A 2.2m

Aalto University
School of Engineering

time: 0.030000

e’

time: 0.060000

N

time: 0.090000
time: 0.120000

time: 0.150000

Non-Newtonian

h’

time: 0.030000

(R

time: 0.060000

—

time: 0.030000

v

time: 0.120000

@

time: 0.150000

3 mm pisarat

Newtonian

300 mPas —————

0-04 s

» Eisuurta eroa
silmamaaraisesti

* 15 m/s nopeudella
pisarat valmiit 4.8 m
paassa

A

Aalto University 4 . 8 m
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time: 0.080000

time: 0.160000
time: 0.240000
time: 0.320000

time: 0.400000

Non-Newtonian
~

N—

time: 0.160000

—

time: 0.240000

time: 0.320000

time: 0.400000




8 mm pisarat
300 mPas
0-0.6 s

e 8 mm ei suurta eroa

* 15 m/s nopeudella
pisarat valmiit 9 m
paassa

A

Aalto University
School of Engineering

Newtonian Non-Newtonian

e———' e

time: 0.12000 time: 0.120000

time: 0.240000

time: 0.360000

—

time: 0.480000

-

time: 0.600000

[

time: 0.24000

S—

time: 0.36000

v

time:

" @

time: 0.60000

0.48000

8 mm pisaran muodostuminen, vertailu

numeroina

aspect ratio

8mm p=0.3 ——
8mm nN p;,=0.3

0.12 s hitaampi ]

L
A 0 N
Aalto University
School of Engineering

04 0.6 0.8 1
time [s]




Johtopaatoksia

 Kaikki lipeatyypit ei-Newtonilaisia pienilla
leikkausnopeuksilla alle 80 1/s

» Alhaisessa kuiva-aineessa (75%) havupuun viskositeetti
on korkein

« Korkeassa kuiva-aineessa (85%) eukalyptuksen
viskositeetti on korkein

« Omatekoinen kapillaariviskometri antaa parhaimmillaan
15 % tarkkuuden

« Haake viskometri antaa parhaimmillaan 8 % tarkkuuden

A

Aalto University
.'.-'.' hool of Engineer

Johtopaatoksia

« Laskettiin ensimmaista kertaa mustalipednpisaroiden
muodostumista huomioiden viskositeetin ei-
Newtonilaisuus.

* Ei-newtonilisuuden vaikutus oli laskelmien mukaan
esim. 8 mm pisaralle n. 20 % pisaran
muodostumisaikaa hidastava.

« 1 mm, 3 mm ja 8 mm pisarat muodostuvat 0.15, 0.4 ja
0. 6 s aikana, vastaten 2.2, 4.8 ja 9 m etaisyyksia
suuttimesta. Hidastava vaikutus on 8 mm kohdalla 2 m
luokkaa.
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Jatkotutkimusajatuksia

Pisaramuodostumisen laskennan validointi kokeellisesti
kayttden sopivaa korvikenestetta laboratorio-olosuhteissa.

Miten kuivuminen vaikuttaa, pinnan kuivuessa viskositeetti
kasvaa, mutta mita tapahtuu pintajannitykselle?

Menetelman soveltaminen sulan kayttaytymisen
tutkimukseen, sulan virtausongelmien ratkaisu. Sulan
pisaroituminen sekoitussailiossa.

Sulan viskositeettimittaukset yhdessa Oulun yliopiston
kanssa, metallurgian kuonien kanssa vastaavia haasteita,
kuona erittain ei-Newtonilainen kuten sulakin.
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Yhteystiedot

* Ari Kankkunen, ari.kankkunen@aalto.fi, + 050 414 6003

» Associate Professor, Mika Jarvinen, mika.jarvinen@aalto.fl, +358
50 414 2593

http://lenergytech.aalto.fl
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“Hajukaasubuumi”

* Maailmalla on aistittavissa selkea trendi minimoida sellutehtaan
satunnaiset hajupaastot seka saavuttaa mahdollisimman alhainen
"nollahajupéastotaso”.

— Asuinalueet ovat laajentuneet sellutehtaiden laheisyyteen, miké lisdd merkittavasti
paineita eliminoida hajupéastot.
— Viranomaisvaatimukset ovat tiukentuneet.

I
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Mika sulfaattisellutehtaalla haisee?
Lauhtumattomat hajukaasut - "Non-Condensable Gases” - NCG

* Sulfaattisellutehtaalle ominainen haju on peréaisin pel-
Kistyneista rikkiyhdisteista (TRS), joiden alkulihteend on [ACARESLe
keittoliuoksen sulfidi.

* Keittokemikaalien reagoidessa ligniinin metoksyyli- (CH3)ZS
ryhmien kanssa muodostuu haisevia rikkiyhdisteita.

* Hajurikkiyhdisteiden hajukynnys on hyvin alhainen, joten (CHB)ZSZ
hajuttomuus on hyvin haastava tavoite.

* Hajuttomuutta tarkeampi asia on jarjestelmien turvalli- HZS
suus. Turvallisuutta ei saa missaan tapauksessa vaaran-

taa, vaikka se tarkoittaisi hajupéaastdja ymparistoon.
[5 CH,OH
& ,T\ (C5H8)n
3 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet }

Hajupaastoihin liittyvat haasteet sellutehtailla

* Valitukset lahialueen asukkailta.
* Ymparistoviranomaisten asettamat vaatimukset.

* Hajukaasujarjestelmien kapasiteetti on jaanyt lilan pieneksi
sellutuotannon kasvaessa.

* Kaikkien hajukaasulahteiden paikantaminen on haastavaa.

* Hajupaasttjen vahentdminen vaatii investointi- ja kayttokustannuksia.
Investoinnilla on vahainen sijoitetun paaoman tuotto.

* Haju ei ole mitattavissa — miten tdma paastd on maaritettavissa?

4 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet '




Hajupaastot leviavat naapurustoon

* Hajukaasut ovat ilmaa raskaampia
joten paastot laskeutuvat
maantasalle.

* Mikéli paastolahteet ovat matalalla
hajupaastot vaikuttavat tehtaan '
l&hiymparistoon.

* Hairidtilanteissa hajupaastot
johdetaan korkeaan ohitus-
piippuun, jolloin hajup&éastot
laimenevat mutta leviavéat
laajemmalle alueelle.

5 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet ,

Olemassa olevat sellutehtaat

* Haisevimmat sellutehtaat 16ytyvat Pohjoismaista.

* Tehtailla ei tyypillisesti ole riittdvaa asiantuntemusta
hajukaasujarjestelmiensa kehittamiseen itsenaisesti.

* Asiantuntija-apua pyydetaan vastaamaan kysymykseen "Miksi
tehtaalla haisee?”

— Olemassa olevat kasittelylaitteet ovat jadneet riittamattomiksi tehtaan kapasiteetin
noustessa.

— Kaikki haisevat paastolahteet eivat ole kytketty hajukaasujen kerdily- ja
kasittelyjarjestelmaan.
* Hyvin usein sellutehtailta 10ytyy myds turvallisuuspuutteita, kun
huonosti toimivaa jarjestelmé&a on muokattu ilman ymmarrysta
mabhdollisista seurauksista.

6 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet '




Uudet tehtaat: Vaatimuksena hajuttomuus

Hajuttomuuteen ja sen yllapitdmiseen ollaan valmiita investoimaan

H aj u paaStOJ a ei * Lukuisat varapolttopaikat.

sallita missaan » Vaativa automaatio.
t|| anteessa ¢ Sellutuotannon alasajo ennen hajukaasupaastoja.

Toimittava myo S * Ejektorihdyrya ei ole saatavilla, joten kaytettava vakuumipumppua.
black-out tilanteessa

« Varaenergia lauhdepumpuille, palamisilmapuhaltimelle,
tukipolttoainepumpuille. llma instrumenteille.

H aj uton kaanto » Vaativa automaatio.

» Hajukaasujen "pullotus” putkistossa.

polttopaikkojen VEUHES © Jatkuva tukipoltto "stand-by” tilassa.

N akyvaa honkaa ei » Kaikki honkivat lahteet on kerailtava.

. » Suuret laimean hajukaasun keréily- ja kasittelyjarjestelmat.
sallita

7 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet ,

Tehdaslaajuinen hajukaasujarjestelma
Sellutehtaalla voi olla jopa yli 100 hajukaasujen keréilykohdetta

8 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet ,




Tehdaslaajuinen hajukaasujarjestelma
Haasteena yli 100 NCG kerailykohdetta

Haasteet:

* Monimutkaisen ja laajan kerailyjarjestelman paineen- ja virtauksen
saato.

* Miten alipaine sdilyy tasaisena polton vaihtuessa vaihtoehtoiseen
polttopaikkaan?

e Jarjestelmien laajuuden maaritys ja optimointi.

Ratkaisu:

* Huolellinen tehdaslaajuisen hajukaasujarjestelméan kerailyn ja sdadon
suunnittelu ja toteutus.

* Eri osa-alueiden integrointi saumattomasti hajukaasujarjestelmaan.

9 30.10.2014 © Valmet | Eevi Smolander / Environmental Systems Valmet ,

Miten hajupaastoja voidaan vahentaa tai jopa
saavuttaa hajuttomuus?

» Kaikki hajukaasulahteet kytketaan kerdily- ja kasittelyjarjestelmaan.
— Sailiot
— Prosessilaitteet
— Sulaliuottajan honkakaasut
* Turvalliset jarjestelmét eliminoivat rajahdysten aiheuttamat paastot.
* Rikkipitoisia lauhteita ei johdeta kanaaliin.

* Kaytettavyyden lisddminen rinnakkaisilla laitteilla
— Lauhteen keréilyn ongelmat voivat aiheuttaa polton lukituksia soodakattilalla
— Varapolttopaikkojen lisddminen
— Varaenergia, ilma, sahko -> vakuumipumppu

* P&aastoton hajukaasujen kadantologiikka polttopaikkojen valilla.

* Huomioidaan hajukaasuja muodostuminen myos tehdasseisakin
aikana lampimissa sailidissa.
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Vakevien hajukaasujen keraily ja kasittely

‘, Stand by
\ncmerator

NCG
T Natura\ gas or oil
Recovery
3 boiler
Digester plant :' —‘
l! " Power
Evaporation boiler

T.Nce_. .:] Lime kiln I

Methanol 1 —
i b e 3 i e ” F
Methanol ?’ [

m

Foul condensate Ry ses e el »o
stripper

) Incinerator Flue gas
with steam fan
boiler
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system i e
: -SLeai Flue gas
Stripper gas s E scrubber
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Esimerkki monimutkaisesta vakevien

hajukaasujen keraily- ja kasittelyjarjestelméasta

Soihtu
1

Meesa-
uuni 1

SK
1

e  m i m
-_i_ 1 —'_ e S
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Laimeiden hajukaasujen keraily ja kasittely

Cooling
scrubber

Cooling

Cooking and fibre line water

Cooling
scrubber

Steam

water

Condensate

Cooling
scrubber

Cooling

White liquor plant Viaiter
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ncinerator
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Natural gas or ail
(MeOH)

| Power boiler

as
scrubber

Tl MP-steam

Incinerator Flue gas
with steam fan
boiler
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Yli- ja alipaineen hallinta laimeiden hajukaasujen

kerailyjarjestelmassa

Alipaine:
llma sisdan

Ylipaine:
hajukaasu ulos

Sailion
kaasutila

Ylikaadon
vesilukko

(/
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Esimerkki laimeiden hajukaasujen ja ndkyvan
hongan kasittelyjarjestelman toteutuksesta

15 30.10.2014 © Valmet | Eevi Smolander/ Environmental Systems valmet ,

IMPBIN™ COMPACT COOKING™ G2

ImpBin-kaasujen keraily

1 Kuumien, vakevien hajukaasu-
v jakeiden paasy laimeiden haju-
Dilution air ~ From blowtank and fiberline kaasujen jarjestelmaan

ol dum Valmetin ImpBin:std on estetty
instrumentoinnilla ja lukuisilla
lukituksilla.

Cold water
shower

Mikali naiden kaasujen paastba
ulkoilmaan ei sallita missaan
tilanteessa, on ndma mahdol-
lisesti vaaralliset kaasut
kasiteltava erillisessa jarjestel-
massa eika niita voida kytkea
laimeiden hajukaasujen kasit-
telyjarjestelmaan.

P
Q Digester degassing

Extractign

| .
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IMPBIN™ COMPACT COOKING™ G2

Erillinen kasittelyjarjestelma ImpBin-kaasuille

____________________________________________________________________________________
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Liuottajan honkakaasujen kasittely
Venturipesuri ja tuubilauhdutin

 Liuottajan ja sekoitussailion honkakaasut
sisaltavat polya seka haisevia rikkiyhdisteita
kuten rikkivetya ja metyylimerkaptania.

* Hajupaasttjen vahentamiseksi hdngat ‘l‘
pestaan alkalisella liuoksella ja poltetaan
soodakattilassa.

* Maailmassa ei ole laitoksia, joissa olisi
varapolttopaikka liuottajan honkakaasuille.

* Tuubilauhduttimessa on merkittava
lammontalteenottopotentiaali esimerkiksi
demiveteen tai lampimé&n veden tuotantoon.
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Tehokkaan tehdaslaajuisen hajukaasujen
keraily- ja kasittelyjarjestelman edut

Hajupaastojen hallinta «Parantuneet suhteet yhteison kanssa.

*Paastorajoissa pysyminen.
*Mahdollisuudet saada tulevaisuudessa ymparistolupa tuotannon nostoon.

Vahaiset paastot

*Hajukaasujarjestelmien turvallisuuden ja luotettavuuden suhteen ei tule tehda
kompromissia hajukaasujen vaarallisen luonteen vuoksi.

Laitteiden korkea +Korkea kaytettavyys vahentaa huoltoaikaa, jolloin tuotantotunnit ovat korkeammat.
ké_ytettévyys *Hyva kaytettévyys vahentaa hajupaastoja.
c 3 : *Na/S taseen hallinta vahentaa ostokemikaalien tarvetta.
Kemikaalitaseen hallinta *Ylimé&arainen rikki voidaan tarvittaessa poistaa prosessista.

Lampoarvon
hyodyntaminen

Turvallinen tydymparisto

*Hajukaasuilla on tietty lampoarvo joka voidaan hyédyntda hoyryn tuotannossa.

By oy [ an i *Hajuton tehdas voidaan saavuttaa taydellisellda hajukaasujen kerdily- ja
Raatal0|dyt ratkalSUt kasittelyjarjestelmén avulla.
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SAFETY ASPECTS IN LARGE HIGH ENERGY RECOVERY BOILERS

Petri Pynnonen
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Safety Aspects in Large High Energy Recovery Boilers
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Safety aspects and design
Operational experiences
Future challenges
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and norms in design

ATEX/NFPA (typically CNCG, different fuels)

= Explosive atmospheric (Atmospheres Explosives)

=  When handling explosives materials, ATEX classification is
needed

=» contributes to equipment and instrument selection

HAZOP

= Hazarous situation in process
= Analysis must be done to
become aware of risks

=»changes into design if needed

Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers Pulp & Paper

Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and norms in design

The Black Liquor Revocery Boiler Advisory Committee (BLRBAC) Bl"ﬂ

Worldwide the most known standard

FINNISH RECOVERY BOILER COMMITTEE

Finish Recovery Boiler Committee (FRBC) || svouen soooaaTTLAHDISTYS
Many cases is followed in Europe "

Swedish Recovery Boiler Committee _
Used mostly only in Sweden

European standard 12952-7
Rquirements for equipment for the boiler

National regulations

NR-12, NR-13 etc ANDRITL

Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers Pulp & Paper




Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and norms in design

Areas where it is most important to follow the
recommendations are:

= Black liquor safe burning
= CNCG/SOG/CBG safe handling
= DNCG/Dissolving tank
vent gas handling
= Waste streams
= Emergency shut-down
and Rapid drain

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers
Safety aspects and norms in design

= Recommendations are not equal in every point.

= When designing the system one needs to know which
norm is followed.

= Evenis named “Recommendation” it is used as “must
be followed”.

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety and risk assesment

RBS-Z20 Concept (Andritz)

Safety concept, engineering and design is based on IEC 61508 standard (PED)
= |EC 61508 compliance with national regulations and requirements
= Different processes and exceptional situations define Safety Integrity Level (SIL)

= Concept reviewed and approved by various European authorities; TUV, AF-1PK
(Swedish), Inspecta (Finnish)
| ———EEE S e

f | <- Hardwired controls Control room panel
HIMA H51Q HS, safety Ioglc for Boxler safety > Hardwired information == l=a =2

<- Hardwired controls

:Zb -> Hardwired information B R clelele

<- Hardwired controls
Emergency stop systemiz—e

Rapid dram system ( |ntegrated motorized control - -> Hardwired controls
HIMA H51Q-HS, safety Ioglc for Auxmary systems .

- a8 ADRITLZ

5 in Large High Energy Recovery Boilers Pulp & Paper

B S - e S B

&=

=- Black liquor interlocks *

a

LR
W)

LT Fumace purge logic
- Auxiliary fuel interlocks ==

- LVHC-gas (Odorous gas) interlocks and control
‘—w

Safety Aspects in Large High Energy Recovery Boilers

Safety and risk assesment, riskgrafic

Risk Analysis B
: | Necessary Safety Inteqrity
minimum risk Level
1 [ reduction
b a - no safety reau.
= a no spec. safety requ.
c b b.e 1
— d 2
d c ef 3
— — a 4
I 1E/E/EPS
e d ' is not sufficient
R 1
f e
g f
Consequence Possibility of
C1 Minor injury Avoiding Hazardous Event

C2 Srious permanentinjury to 1 or  P1  possible under certain conditions
more persons, dead to 1 person P2 almost impossible
C3 Dead to several people
beop Probability of

C4 Very many people killed
Unwanted Occurence

Frequency & Exposure Time W1 very slight probability
F1 rareto more often W2 slight probability

F2 frequent to permanent W3 relatively high probability

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - CNCG/SOG/CBG handling
(PART OF SAFETY LOGIC)

Features of a safe design
1.No water connections in the system
2.Condensate collection system
3.Difference in altitude between
condensate collection and burning place
4.Droplet separator
5.Temperature measurements

ANDRITL
Pulp & Paper

Recovery and Power Division [ Safety Aspect

Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - CNCG/SOG/CBG handling

S PRy B @ 2

if

il BOILER

— ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - CNCG/SOG/CBG handling

Features of a safe design(continue)

6.Pressure measurements
7.Level measurements/switches
8.Steam connections
9.Automatic shut-off valves

; ) RUPTURE
e R DISC
s = ==l
] $ e
ol =
> ey == B %
b_@L — EQLE-E I
= = T : b
l_:H
SET e » ﬁ‘ - ; i s
o === ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - CNCG/SOG/CBG handling

Features of a safe design(continue)
10. ATEX, rupture disc
11. CNCG burner

ALL THESE TOGETHER MAKES SYSTEM SAFE TO OPERATE
AND RISKS FOR WATER/CONDENSATE ENTERING TO THE
FURNACE AND RISK OF EXPLOSION OF GASES IS MINIMIZED

ANDRITL

Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers Pulp & Paper




Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - DNCG/dissolving tank vent gas handling
(PART OF SAFETY LOGIC)

THIS SYSTEM CAN HAVE EXPLOSIONS
DUE TO WATER/CONDENSATE
ENTERING TO THE FURNACE OR

DUE TO GASES CONCENTRATING

IN EXPLOSIVE AREAS - IF NOT
DESIGNED CORRECTLY

Features of a safe design
1.Condensate collection system
2.Difference in altitude in ducting
between collection and burning place (burning place higher).

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - DNCG/dissolving tank vent gas handling

Features of a good design(continue)
3.Scrubber/condenser in the system

4 Temperature measurements
5.Automatic shut-off valve for closing
6.Cyclone for dissolving tank vent gases
7.Level switches

ALL THESE TOGETHER MAKES SYSTEM SAFE TO OPERATE AND RISKS
FOR WATER/CONDENSATE ENTERING TO THE FURNACE AND
EXPLOSIONRISK OF GASES IS MINIMIZED

VENTING OF THE SYSTEM AND SMELL IS MNIMIZED

EXISTS BIG SAFETY RISK ANDRTL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - DNCG/dissolving tank vent gas handling

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Smelt spouts and dissolving tank

DESIGN

= Enough free space in front spout
=  Proper minihood flushing

= Proper smelt atomization

= Explosion doors

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Smelt spouts and dissolving tank

PROCESS

= Dissolving tank density control

= Dissolving tank level control

= Not much char bed in the front of spouts

FIELD
=  Regular smelt spout cleaning

OPTION

=  Automatic smelt spout cleaning system
= Smelt spout safety wall

NATURALLY PERSONAL PROTECTION
EQUIPMENT IS MANDATORY TO USE
(mask, gloves etc)

BIG SAFETY RISK ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Smelt spouts and dissolving tank

DESIGN

= Piping ascending or descending all the time

= Lowest point in piping furnished with condensate collection pots
* Enough drains in the piping

= Saturated condensate must flash to the tank (erosion)

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Steam and condensate piping

T

DESIGN e

I NRINE bisee

= Pressure difference beween steam pipe
and condensate tank

= Air venting points

= Designed so that condensate cannot accumulate
in wrong places

OPERATION

e Starting and opening the valves peacefully “listening” the system
=>»hammering in the system and serious pipe damages

NN AN

BIG SAFETY RISK

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Steam and condensate piping

an-m

252-0501-SCL-25-10C1B-3/3-

| 252-0488-5CL-25-10C1B-33-
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)

.
| 252-0587-5MP-150-E5C 1B-1-
252 0500-SMP-100.255

| 25205025

1 zaz-ues?—swm -
il 252-0673-SMP: 18-

=

M
262-1402-SMP-25-25C1B-1- 1
) ]
252-0871-SCM-25-25C1B-- <,‘:| 10
-

262-DA37T-5CM-25-10C1B-3/3-
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252-0515-5CM-100-25C1B--
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+12.450(+6.600

J
N IY Y| . SQNDENSATE COLLECTION
2620504 SCM-25-10C1B-2/3- 52-0738-5CM-25-10C1B-3/3- g M1m2£’?:ﬁ Cond. tank
252.0740-SCM-25- 10C1B-33- Conicate, SME
252 0538-SCM-26-10C1B-3/3- /:52437445w251m13m 1000-252-P20-100280
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Black liquor gun

DESIGN

= Camlock connection

= Drains and steam connections to depressurize and clean the
piping

= Piping cannot be located in the front of black liqor gun opening

=  Enough supports for high liquor temperature (shaking)

= Limit switches

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Black liquor gun

PROCESS
= Dry solids
=  Pressure and temperature control

FIELD

= Regular black liquor gun cleaning

OPTION

= Automatic black liquor gun cleaning system (Anditz)

NATURALLY PERSONAL PROTECTION EQUIPMENT IS
MANDATORY TO USE (mask, gloves etc)

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Black liquor gun

Automatic black liquor gun cleaning system

* Cooling with liguor only is not enough
=>» Additional cooling to be supplied by steam/water emulsion
outside

* Automatic cleaning of the Liquor nozzle
=>»Sootblowing by steam to keep the liquor nozzle clean
* Target
Less work related to liquor gun cleaning and changes
=> Increased safety

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - Black liquor gun

Automatic black liquor gun cleaning system

= -

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety aspects and design - NOISE

= Cannot be seen
= Cannot fully eliminated
= Equipment selection
= Silencer erection
= Different building for most noisy
equipment
=  For example FW-pumps

= Normally limit 85 dB

Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers

¥

NS

HEARING PROTECTION
MUST BE WORN
IN THIS AREA WHEN
MACHINES ARE IN USE

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Montes del Plata

= Liquor
« capacity tds/d 5710 |
= dry solid content (w ash)% 80 |
= HHV MJ/kgds 14 ]
= Steam & feed water —
= steam pressure at TG bar(g) 94.8 N
= steam temperature at TG°C 494
» steam flow kals 258 5
= feed water temperature °C 135 ” Il:
* Flue gas temperature : tﬁjbm H
= at eco outlet °C 203 7 ' !
= at flue gas cooler outlet °C 135 | QH , Ht}_igﬁ
| i
ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Montes del Plata

SPECIAL FEATURES

HERB features
- Relatively high steam parameters
- Flue gas coolers
- Feed water pre-heater
- Tertiary air preheted

= CNCG combustion + methanol burning

Integrated with biomass boiler
- Common building

§ © ooooooo

il

D e ——le—l——— I

[

-------.I-L &
= = N Lt h\s

- Common feed water system

Pulp & Paper
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Safety Aspects in Large High Energy Recovery Boilers

Montes del Plata

FEEDWATER PREHEATER
- Feed water pre-heater temperature rise 15-30 degrees
before economizer section
- Medium pressure steam consumption ~14 kg/s
- Feedwater flow ~ 250 kg/s
- Feedwater temperature at inlet 135 degrees
» Heating power about 3@;_MW

H==;

=

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Montes del Plata

AIR PREHEATING

- Primary 160 degrees

- Secondary air to 160 degrees

- Secondary/DNCG air to 150 degrees
- Tertiary air to 160 degrees
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Safety Aspects in Large High Energy Recovery Boilers

Montes del Plata

FLUE GAS COOLER

» Flue gas cooling to 130-135 degrees

» Feedwater is preheated 20-25 degrees

- Feedwater flow ~215 kg/s

- Total heat recovery about 20 MW

» Sootblowing with medium pressure steam
« No plugging problems of flue gas coolers

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Montes del Plata

CNCG BURNER+ METHANOL

« CNCG flow about 2500 m3n/h

« MeOH flow to burner 0.7 kg/s

= Burner is located on the sidewall

= Combustion air from secondary air

= CNCG valves are located at level above
» Good availability

Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers

Pulp & Paper

Safety Aspects in Large High Energy Recovery Boilers

Operational Experience of Safety System,
Montes del Plata - FIRST 3 MONTgS

Safety system is based on

e Safety and risk assesment
* BLRBAC and EN norms

Implemented - P

8 P s 018 3 e

* Main interlocks E s

* Purging interlocks e
» Auxiliary fuel interlocks :
* CNCG burning interlocks e
* DNCG burning interlocks

* Emergency shut-down+rapid drain

Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers
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Safety Aspects in Large High Energy Recovery Boilers

Operational Experience of
Montes del Plata - FIRST 3

Experienced tripps
= Low dry solids
= Flue gas route closed

Safety System,
MONTHS

= Low level in the drum, two times
= Black liquor firing was stopped suddenly by operator

= AFT, Auxiliary fuel trip, three
* |nstrument air pressure low

times

= Loosing of many control signals

Every time the recovery boiler trips the whole mill goes down because of
shortage of steam or electric power, hence a good design is extremely important

SYSTEM WORKS AS DESIGNED IN SAFETY POINT OF VIEW

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Future Challenges

Challenges in design:
= Highly loaded furnace
= Capacity of smelt spouts

= Liquor spraying and char bed control
= Air system

= Penetration

= Distribution
= Detailed heat expansion study

= Additional flexibility analyses

= Number/size of auxiliary equipment
= Doubling of certain equipment

Recovery and Power Division / Safety Aspec

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Future Challenges

Challenges in design:

Long heat surfaces (eco, superheaters)

Vibrations and fatigue cracks
= due to large flue gas flow
= due to sootblowing

= Size and weight of the drum

= Size and number of safety valves

= Size of the piping
= Doubling of certain piping

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Future Challenges

Challenges in design:

= High steam temperature and pressure
= materials (SH)

= Sootblowers
= Hit against bended superheaters
" Increased supports? - i]:li’i}}i; i :;:.;1
i 1] (N
|_|||I :H:: [{avicr
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Safety Aspects in Large High Energy Recovery Boilers

Future Challenges

Challenges in design:

= Fouling of deep boiler bank
= Fouling tendency estimation
= Na and K control

= Strength of the standard design support components
= Hanger rods
= Bottom beams
= Buckstays

"ANDRITL

-
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Safety Aspects in Large High Energy Recovery Boilers

SUMMARY

= SAFETY IS FIRST IN DESIGN
= SAFETY IS FIRST IN OPERATION
= RECOMMENDATIONS ARE FOLLOWED
= BIG SIZE INCREASES CHALLENGES IN DESIGN
= HIGH ENERGY RECOVERY INCREASES CHALLENGES IN MATERIAL
= SAFETY IS INDEPENDENT ON THE SIZE
= SPECIAL ATTENTION IN DESIGN
= STEAM AND CONDENSATE SYSTEMS
= CNCG SYSTEMS
= DNCG SYSTEMS

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

Safety and challenge

= THERE IS HUGE SAFETY RISK OUTSIDE THE SITE
= REMEMBER THIS TOO

ANDRITL
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Safety Aspects in Large High Energy Recovery Boilers

ST
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Recovery and Power Division / Safety Aspects in Large High Energy Recovery Boilers Pl."p & Paper




ANDRITL

Pulp & Paper

Recovery and Power Division
Any questions?

For further information
please contact:

ANDRITZ Oy - Finland
+358 20 450 5555

pulpandpaper.fi@andritz.com

www.andritz.com

We accept the challenge!
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Timo Oja
Solenis Finland Oy



4= SOLCNIS

Strong bonds. Trusted solutions.

VIHERLIPEALINJAN KERROSTUI\/IANESTO

SOODAKATTILAPAIVA 30.10.2014

TIMO OJA, SOLENIS FINLAND OY

e ssoLenis

-

L Kerrostuma virherlipedlinjassa

- ~
Viherlipedlinjalla liuottajalta
kaustisointiin on tapana kerrostua ja
sakkaantua.

N

Tyypillinen tapa on vaihtaa ajoittain

viherlipean ja heikkovalkolipean linjojen
virtaussuuntia.
\— oS

f
Tukkeutuva linja aiheuttaa pesutarve
ja pahimmillaan soodakattilan

kapasiteetin laskun.
o /)
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) From Weak Wash

Boilers
Smelt

Storage

‘ Recovery

Tanks

Green Liquor
Stabilization
Tank

No. 3 Green Liquor
ClagHjer

No. 1 Green Liquor No. 2 Green Liquor
Clarifier Clarifier

|t ®
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P
1
S —
‘Sm/é"—-[
Dregs Washer To Weak Wash

Storage

{[,A\—Shower Water
Dregs Belt
Filter

Dregs To
Ash Pond

Figure 5
Overview of Green Liquor System

L === I__%-E
| clarified
green liquor Green Liquor
| | Storage
dregs (3 Tanks)
Fresh Water I

Heaters

Green Liquor

2

Slakers (2)

Kerrostuma virherlipealinjassa

¢ sSoLenis

Yleiset paikat kerrostumille

= Liuottaja

= Viherlipealinja

= Pumput ja putket
= Viherlipedsuotimet

Kerrostuman komponentit
= Kalsiumkarbonaatti

= Pirssoniitti: kalsium- ja natriumkarbonaatin yhdistelméa

= (Natriumalumiinisilikaatit)

4 Confidential and proprietary.
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Kerrostuman seurauksia

Happo- tai korkeapainepesu; kustannus ja menetetty aika.
Pesurin suuttimien tukkeutuminen; ymparistoriskit
Liuottajan ylimaaraiset puhdistukset

Liuottajan tiheysmittarin virneelliset lukemat; viherlipean
laadunvaihteluita

5 Confidential and proprietary.
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Kerrostumanesto: Dispergointi
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Kerrostumanesto: Kristallin muokkaus

&
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LlnflnltyTM SL4335 kerrostumanestoame

Konsentroitu kristallia muokkaava polymeeri,
dispergointiaine ja inhibiitti

Alkaalisiin systeemeihin

Sisaltaa dispergointiainetta joka mahdollistaa
polymeeriketjun nopean suoristumisen

Suunniteltu erityisesti estamaan
kalsiumkarbonaattikerrostumia

Confidential and proprietary.
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Llnfinity SL4335

i kasittelva Kristallit kasitelty
CaCOa3 Ei kéasittelya Infinity SL4335
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Ennen kasittelya

Kasittelyn jalkeen
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Tall O1l

, Recovery and Recaust Diagram
Evaporation

A H H H WBL
SBL Lime White
c

{(Reburned or Fresh)

Recovery
Furnace

e

Fs3

Mud I . —]
Filter
i@ (1| | =
Mud
Ime Kiln Storage Tank
To Rebumned F"!MN;r

Lime Storage Tank

DRE44 COR
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Kerrostuma virherlipealinjassa

/ - \ 4 .
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.' Laboratoriotestit

Laboratoriotestien avulla pyritadn saamaan kokonaiskuva
lipeékierron eri osa-alueista

Mustalipea

Valkolipea

Viherlipea (+selkeytety+sakka)
Laihavalkolipea
Meesasuotimen syottod
Meesauunin syo6tto

Poltettu kalkki (Make-up)
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LLaboratoriotestit

Orgaaninen
Epéaorgaaninen

NPE

Tuhka
Kokonaishiili
lonikromatografia (IC)

Induktiivisesti kytketty plasma/atomi emissio spektroskopia
(ICP/AES)

15 Confidential and proprietary.
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SYSTEM INFORMATION

Product Lines
Scale Control

ANALYSIS DETAIL

Ash at 575 °C

Ash at 575 °C 98.7 %
Ash at 900 °C

Ash at 900 °C 96.6 %
Drying

Loss on drying at 105°C 72. %
Solids

Total suspended solids (TSS) 5 ppm
TOC

Carbon, total organic as C (TOC) 12400 ppm
Anions - IC

Chloride as CI 67000. ppm

Sulfate as SO4 1000. ppm
SEM/EDS (Oxides)

Sodium as Na20 73 %

Sulfur as SO3 17 %

Silicon as SiO2 4 %

Potassium as K20 3 %

Calcium as CaO 1 %

Aluminum as Al203 1 %

Phosphorus as P205 1 %

16 Confidential and proprietary.
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~

[ Y hteenveto

Prosessin ja sen kemiallisen tilan ymmartaminen ja
hallinta voi olla avain tehokkuuden maksimoimiseen

Kemikaaleja voidaan kayttaa tuotannon
maksimoimiseen eri alueilla, mutta ne pitaa valita ja
kayttaa oikein

17 Confidential and proprietary.

e ssoLenis

18 Confidential and proprietary.




SUOMEN SOODAKATTILAYHDISTYKSEN HISTORIIKKI

Risto Valkeapaa
Julkaisutuotanto Risto Valkeapaa Oy



Suomen
Soodakattilayhdistyksen

historiaa

50 vuotta yhteistyota kaytettavyyden, turvallisuuden ja
ymparistoystavallisyyden kehittamiseksi

Sunila silloin ennen ...

Sunilan sulfaattisellutehdas Karhulassa oli aikansa esimerkki hajautetusta omistuksesta
Soodakattilayhdistyksen syntyman aikaan. A. Ahlstrém Osakeyhtio omisti siita tytaryhtionsa
Karhula Osakeyhtion kautta 20%, Kymin Oy 20%, Enso-Gutzeit osakeyhtio 20%, Yhtyneet
Paperitehtaat Oy 20%, Tampereen Pellava- ja Rauta-Teollisuus Osake-yhtio mychemmalta
nimeltaan Oy Tampella Ab 20 %.




Yhteistutkimus todettiin valttamattomaksi

® Vuosina 1961-1964 monet sulfaattitehtaat olivat todenneet soodakattiloiden tulipesissa
nopeaa syopymista. Vuoteen 1968 mennessa korjaukset olivat maksaneet noin 5 miljoonaa
markkaa eli kattilaa kohden noin puoli miljoonaa, ja ne olivat vaatineet keskimaarin 46
vuorokauden seisokin.

® Nama tosiseikat johtivat ajatukseen yhteistutkimuksen aloittamisesta. Kaukaalla pidettiin 20.
marraskuuta 1964 yhteistoimintaneuvottelu, johon osallistuivat keskeiset soodakattiloiden
kayttajat. Kaikki kannattivat yhteistutkimuksen aloittamisesta syopymisen syiden
selvittamiseksi seka tulipesan suojauskeinojen lI6ytamiseksi.

® Muissa tarkeimmissa soodakattiloiden kayttdajamaissa Ruotsissa, Yhdysvalloissa ja Kanadassa
ei tuolloin vield havaittu nain nopeaa kattilan sydopymista ja vastaavat sisapuoliset sydopymat oli
voitu selittaa huonosta syottovedestd johtuvaksi. Sisapuolinen kerrostuma aiheuttaa putken
ampotilan nousun ja sydpymisen tiedettiin riippuvan metallin Iampétilasta, joka olikin ainoa
ttava syopymista koskeva tieto.

Kaukas Oy:lle uusi tehdas 1964

® Kaukas rakensi 1960-luvun alussa
uuden sulfaattiselluloosa-tehtaan, joka
valmistui vuonna 1964. 1970-luvulla
sulfiittisellun valmistus Kaukaalla
paattyi ja sulfaattiselluloosa-tehdasta
laajennettiin uudella tuotantolinjalla,
jolta valmistui pitkakuituista

mantyselluloosaa.




Suomen selluteollisuus kavi kovilla kierroksilla

® Suomen Selluloosayhdistys myi keskitetysti kaikkien selluloosatehtaiden tuotannon. Yhtiot
eivat siten kilpailleet keskenaan, mika mahdollisti avoimen tiedonvaihdon.

® Soodakattilayhdistyksen perustamisen vuonna 1964 selluloosan kysynta maailman
markkinoilla oli hyva. Lisaantynyt menekki salli tuotantomahdollisuuksien hyvaksikayton
tehokkaammin kuin edellisena vuotena, kerrottiin Selluloosayhdistyksen vuosikertomuksessa.

® Paperiselluloosan hintataso, joka saavutettiin vuoden 1963 lopulla, sdilyi muuttumattomana
kertomusvuoden neljannelle neljannekselle saakka, jolloin toteutettiin n. 4 — 5 %:n
hinnankorotus. Vuosikertomuksen mukaan, lisdantyivat toimitukset vuonna 1964 vuoteen 1963
verrattuna 219 530 tonnilla vastaten 11,8 %. Kokonaislisays kahden viimeisen vuoden aikana on
ollut 433 139 tonnia eli 26,2 %.

i tehtaat kavivat taysilla ja soodakattilat olivat kovalla rasituksella.

Ainekosken onnettomuus
pysahdytti

® Metséliiton Selluloosa Oy:n Adnekosken selluloosatehtaan
soodakattilassa tapahtui syyskuun lopussa 1965 sulardjahdys.
Onnettomuus vaati neljan ihmisen hengen. Rajahdyksen voima oli
niin suuri, etta liki ;o metria korkean kattilarakennuksen
ulkoseinapaneelit irtosivat.

® Kolme miesta sai surmansa syoksyttyaan nosturikuiluun pakoon
tulikuumaa hoyrya. Lammittaja Vaino Erik Kolu kuoli heti ja
ylikonemestari Reino llmari Ronneberg ja pillimies Vilho Henrik
Niemista matkalla sairaalaan. Neljas uhri, pahoin palanut pillimies ,
Edvard Hyvarinen kuoli vuorokauden kuluttua onnettomuudesta. ‘Q;% £

® Nosturikuilu oli 20 metria korkea, ja vaijeria riitti 10 metrin
matkalle. Onnettomuuden tutkijat 16ysivat nostokoukusta
tyorukkasen.

TYDRUKKANEN ol jBinyd syviia hissikuilun nosturikoukun ja
Kiilaulunesns herditimaan kysymyksid. Oliko yksi ubreists
kautla?

Kolme ensimmaista uhria olivat yhdessa tutkimassa putkivuotoa.




Aanekosken onnettomuuden syy

Kattilan putkistoa tutkittaessa havaittiin, etta siina osassa kattilan putkistoa, jossa
onnettomuuden aiheuttanut vaurioitunut putki oli, osa putkien virtaussuuttimista oli osin
tukkeessa. Naiden joukossa oli myds suutin, joka kuului vaurioituneeseen putkeen.

Karsta tutkittiin, ja sen todettiin olevan rautaoksidia eli magnetiittia (Fe304), joka
tavallisesti peittaa kattilaputkistot ohuena kalvona, joka voi irrota mm. happojen

vaikutuksesta.

Kattilavesi oli tullut happamaksi (pH n. 4.9) kolme viikkoa ennen onnettomuutta. Hairio
pH:n hallinnassa oli saatu korjatuksi. Todennakdisesti se kuitenkin riitti irrottamaan
magnetiittia, joka kulkeutui kattilaveden mukana suuttimeen.

Suuttimen tukkeutumisen seurauksena putki ylikuumeni loppuosastaan ja alkoi syopya
Ikopinnaltaan. Syyksi pH:nlaskuun paljastui vuoto rikkihapposailissd, joka sijaitsi
yttovesialtaan paalla.

Sulfidikorroosio johti syopymiseen

® Tulipesan puoleisen syopymisen todettiin johtuvan

Kuva 2, Tulipesdn swofdussuositus 1970,
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Kuva 1. Esimerkhi seindmdneahveusmitiausien perusteella laaditusta sypymakartasta [17),

Kaikki omistajat ja valmistajat mukaan 1969

® Toukokuussa vuonna 1966 Kotkassa pidetyilla soodakattilaneuvottelupaivilla perustettiin
Teollisuuden Lampateknillisen kerhon yhteyteen Soodakattilajaosto.

® Raumalla marraskuussa 1968 pidetyssa soodakattilajaoksen kokouksessa tehtiin
periaatepdatos syopymistutkimuksen jatkamisesta ja yhteistoiminnan laajentamisesta koko
soodakattila-alaa koskevaksi.

® Yhteistoiminta paasi alkuun vuoden 1969 alussa Suomen kaikkien soodakattilaomistajien ja —
valmistajien paatettya osallistua siihen.

® Yhteistoiminnan padrahoittajina olivat kaikki soodakattiloita omistavat tehtaat. Kustannukset
jaettiin ndiden kesken samassa suhteessa Ekonon jasenmaksut soodakattiloiden osalta. Lisaksi
osallistuivat soodakattiloiden kotimaiset valmistajat ja vakuutusyhtio OTSO osakasyhtidineen
kustannuksiin. Vuosiksi 1969-71 yhteistoiminnan budjetti oli kaikkiaan 315 ooo mk.

y Keskuslaboratorio liittyi yhteistoimintaan mukaan Suomen Selluloosayhdistyksen
ikkokomitean alaisen korroosiokomitean toimesta vuonna 1969.




Toiminta sai jatkuvuutta

® Yhteistoiminnan puitteissa suoritettavaa tutkimustyota johti padatoimikunta, jonka alaisina
toimivat seuraavat tutkimuskomiteat: yleiskomitea, kestoisuuskomitea ja tulistinkomitea.
Vuonna 1972 uutena tutkimuskomiteana toimintaan liittyi emissionkomitea.

® Ensimmadisen toimintajakson konkreettisia tuloksia olivat syopymis- ja
kestoisuustutkimuksiin perustuvat tulipesaputkien suojaussuositus, tarkastus- ja
korjaussuositukset. Samoin oli saatu aikaan vilkas informaatiotoiminta ja tehostunut
kokemusten vaihto niin kotimaan kuin ulkomaidenkin piirissa.

® Teollisuuden piirissa katsottiin, etteivat yhteistoimintaan uhratut varat ainakaan menneet
hukkaan.

Tampereella 12.5.1971 pidetyssa kokouksessa tehtiin yksimielinen paatos ehdottaa
yhteistoiminnan jatkamista seuraavaksi kolmivuotiskaudeksi v. 1972-1974. Seka
suomalaiset soodakattilanomistajat etta —valmistajat hyvaksyivat ehdotuksen.

Jatkuvuusperiaate voimaan 1975

® Paatoimikunnan puheenjohtajana oli dipl.ins. Mikko Platan ja sihteerina dipl.ins. Tom Roos.
Yleiskomitean puheenjohtajana toimi dipl.ins. Pauli Virtanen, Kestoisuuskomitean
puheenjohtajana toimi dipl.ins. Pertti Valkamo ja sihteerina Roos. Tulistinkomitean
puheenjohtajana toimi ins. Pauli Nokelainen ja Emissiokomitean dipl.ins. Nils-Christian
Berg.

® Marraskuussa 1975 Teollisuuden lampoteknillinen kerhon soodakattilajaos julkaisi raportin,
jossa maariteltiin tuleva toiminta. Raportin mukaan “soodakattila-alan yhteistoiminnasta
saadut tulokset ovat tahan mennessa olleet siind maarin rohkaisevia, etta paatoimikunta
on paattanyt ehdottaa toimintamuodon muuttamista jatkuvuusperiaatteella
tapahtuvaksi”.

® Tuleva toiminta maariteltiin jatkuvaluonteisiin tehtaviin, kuten informaatiopalvelu ja
rojektiluonteisiin tehtaviin. Projektiluonteisina tehdaan kaytto- ja kaytettavyystilastojen
aadinta, pikatyhjennyskokeilut, tulipesamateriaalien kenttatutkimukset,

metalliruiskutuspaksuuden mittaus ja kaarihitsaussaumojen heikentyminen.




Poimintoja henkilohaastatteluista

Viirihenkil©
Liva Séderhjelm
Katajanokan kodissaan
kesalla 2014




Viskositeettiasia teetti paljon toita

® Liva Soderhjelm vaitteli tohtoriksi vuonna 1989. Tuolloin han oli jo varttunut tutkija.

® "Yhteys soodakattilayhdistykseen syntyi siten, etta Soodakattilayhdistyksesta oltiin
yhteydessa, koska minulla oli parhaat kokemukset kemikaalien talteenotosta. Viihdyin
erittain hyvin seka Soodakattilayhdistyksessa etta lipedjaostossa.”

® "Viskositeettiasia oli urani keskeisimpig, ja se on teettanyt paljon téita. Ongelma ilmenee
haihduttamossa, josta mustalipea ei mene Iapi, jos viskositeetti on korkea.”

Ensimmainen viirimies Keijo Imeldinen, ja se viiri




Konemestaripaivien rinnalle Soodakattilapaiva

® Dipl.ins. Keijo Imeldinen tuli mukaan toimintaan vuonna 1974.

® "Yhteistoimintaa oli ollut kymmenen vuoden ajan, kun tulin mukaan. Kun katsoo tuota
kymmenta vuotta, voidaan todeta, etta porukka eli niin, etta kierrettiin tehtaalta toiselle.
Konemestaripadivat oli aluksi yhdistava tekija. Kun tultiin 1980-luvun puolivaliin,
toimintamallia vaihdettiin ja lopetettiin pelkka tehtailla juokseminen ja vuonna 1988
toiseksi seminaariksi tuli Soodakattilapdiva. Soodakattilapdiva syntyi omien tutkimuksien

esittelemiseksi.”

Yhdistyksen sihteerina toiminut Arto Aaltonen
Tapiolan Gardenin miljoossa syksylla 2014
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Toiminta alkuun melko vaatimatonta

® "Valmistuin Abo Akademista vuonna 1973 kemiallisteknisests tiedekunnasta. Diplomitydni
1970-71 kasitteli haihduttamon likaantumista. Kehittelin on-line tietokoneohjelmaa, jolla
likaantumista voisi seurata. Menin 1974 alkuvuodesta Ekonoon toihin. Niihin aikoihin
jouduin Soodakattilayhdistyksen sihteeriksi. Esimieheni oli Tom Roos, joka oli edellinen
sihteeri”, dipl.ins. Arto Aaltonen kertoi.

® "Soodakattilayhdistyksen toiminta oli tuohon aikaan yllattavan pienimuotoista ja
taloudellisesti vaatimatonta. Jasenet maksoivat jasenmaksua hoyryarvojen mukaan kuten
Ekonossakin. Tutkimusten vuosimaararahat olivat tuskin edes samaa suuruusluokkaa kuin

johtajien vuosipalkat.”

Viirimies Pekka Heikkinen kotonaan Helsingin
Mannerheimintiella




Koko talteenottoalueen yhdistys

® Dipl.ins. Pekka Heikkinen on ollut tyouransa aikana vastuussa koko talteenottopuolesta
projekti paallikkona haihduttamosta, veden kasittelysta, kaustisoinnista, mantyoljysta
meesauuniin. Han nakee Soodakattilayhdistyksen tehtavaksi toimia koko recovery-
alueella.

® “Totta on, ettad jos ei ole yhdistystd, ei ole raportoitavaa ollenkaan. Kansainvalisesti
kuitenkin on todettu, etta yhdistysta tarvitaan: Ruotsissa on oma ja USA:ssa omansa”,
Soodakattilayhdistyksen hallituksessa toiminut Heikkinen toteaa.

Viirimies Vesa Mikkola ja A
Jukka Heiko Oulussa




Vesa Mikkola: 1990-luvulla tiedonvaihto
avointa

"Olin 1970-luvulla paatoimikunnassa. Aktiivisia henkiloita olivat Mikko Platan, Antti
Jaakkola sihteerina Ekonosta. Nils ja Pauli Lindroos olivat Ahlstromilta ja Eino Ekman
Tampellalta. Kauko Seppalan muistan myos.”

Yleiskomitea noteerasi Mikkolan vuonna 1970, kun tekn.yo Vesa Mikkola Oulun Yliopistosta
palkattiin 1.8.1970 Iahtien suorittamaan kattilan, harpan seka skrubberin olosuhteiden

vaikutusta hajukysymyksiin.

"Tutkimme ajo-olosuhteita ja lipedolosuhteita, ja mittasimme rikkivetyja. Tehtaalla oli
harppa eli savukaasuhaihdutin, jolla paastiin 64-65 prosentin kuiva-ainepitoisuuteen.
Rikkivetymittari oli siihen aikaan uusi. Polya oli paljon savukaasuissa. Muuttelimme kattilan
ilmajakoa ja lipedjakoa. Saatelimme primaari-, sekundaaari- ja tertiaari-ilmoja.Tein siita
diplomityoni, joka painettiin Ekonon kansiin. Tom Roos oli valvojana.”

Vesa Mikkola toimi soodakattilayhdistyksen puheenjohtajana 1994-1995. “Olin
puheenjohtajana, kun yhdistyksella oli 30-vuotisjuhla. Tiedonvaihto oli silloin avointa.
saltaan avoimuuteen vaikutti se, etta suuret konsernit eivat vield olleet muodostuneet.
det ruotsalaisiin olivat myos hyvat, ja tietoa vaihdettiin molemmin puolin.”

Lipeaasiantuntija, professori Mikko Hupa
Milleniumteltassa Helsingissa




Soodakattilaklusteri yhdistaa

® "Taytyy rohkeasti todeta, ettd ollaan alueella, jolla Suomi on maailman ykkonen”,
professori Mikko Hupa Abo Akademista sanoi. Hupa on maailman johtavia mustalipedn
asiantuntijoita.

® "Meilla on soodakattila-alan parhaat toimijat, parhaat tehtaat, laitetoimittajat ja tutkijat.
Meilla on kaksi valmistajaa, jotka hallitsevat 8o prosenttia maailman markkinoista. Se
synnyttaa mahtavaa dynamiikkaa, kun tekniikkaa kehitetaan rintarinnan.”

® "Soodakattila-alalle on syntynyt osaamisen klusteri, joka taysin uniikki maailmassa.
Klusteri on yhdistava tekija, ja siihen kuuluvat Suomessa kaikki soodakattila-alan toimijat
seka kayttajat etta toimittajat.”

Compoundin saroilya tutkittiin

® Ensimmadiset raportit kompound-putkien saroilysta ja paikallisesta korroosiosta tulivat
esille 1980-luvun loppupuolella Suomessa ja Ruotsissa, ja 1990-luvun alussa saroily
tunnustettiin koko maailman puunjalostusteollisuuden ongelmaksi.

® ETY:n Soodakattilavaliokunnan vuosikokouksessa 1988 jarjestettiin Compound-seminaari,
johon osallistuivat kaytannollisesti kaikki soodakattila-alan toimijat Suomessa. Compound-
materiaalin saroily oli aiheuttanut lukuisia vesivuotoja kattiloissa ja samalla vaaratilanteita.

® Soodakattilayhdistyksen projekteissa selvitettiin Compound-putkien vauriomekanismeja ja
tehtiin materiaalitestauksia uusilla putkimateriaaleilla mm. Sanicro 38.

® Ensimmaiset koepaneelit asennettiin Oulussa vuonna 1991. Kokeita tehtiin jatkossa
Kaukaalla.

Kestoisuustyoryhmassa aloitettiin systemaattinen tulipesamateriaalien tutkimus.

ateriaalitutkimuksien pohjalta syntyi TEKES-rahoitteiset Soodakattilan tulevaisuudessa-
keet




Soodakattilayhteistyo osoittautunut
elinvoimaiseksi

® ETYn toiminta loppui vuonna 1993. Soodakattilavaliokunnan toiminta jai eloon Suomen
Soodakattilayhdistyksena.

® Tehtaiden edustajat ja laitevalmistajat nakivat yhteistyon jatkamisen materiaali- ja
turvallisuusasioissa seka lipeatutkimuksessa etta ymparistokysymyksissa aiheelliseksi.

® Konemestaripdiva ja Soodakattilapdiva olivat vakiinnuttaneet asemansa alaa yhdistavina
tapaamisina.

Kiitos!
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1. The organization of the SNRBC
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2. Boiler park - Larger changes

Autumn 2013: The boiler in SCA Munksund (start up 1960) was

converted to single drum
Autumn 2013: New evaporator line in BillerudKorsnas Skarblacka
August 2013: Closure of Sédra cell Tofte — Norway

Summer 2012: Start up of a new boiler in Iggesund (the 2 old
boilers were shut)

Spring 2012: Closure of Peterson Moss - Norway

Autumn 2011: The boiler in Smurfit Kappa Kraftliner Pitea (start
up 1973) was transformed to single drum




2. The boiler park in Sweden/ Norway
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3. Number of reported incidents
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3. Down time due to reported incidents

Down time (h)

4000
Various

3500 )

1 EIA-Incidents
3000 1 Evaporators
2500 = Smelt leakages
2000 M Superheaters
1500 B Smelt openings and

B spouts

1000 - — M Boiler bank

B Economiser

B Furnace tubes

O N 00 OO O d N OO & 1D O N0 O O 1 N
A OO OO O O O O O O O O O O O d d d d
A 0O OO 0 O O O O O O O O o o o o o o
T " AN AN AN AN AN AN AN AN AN NN NN N

3. Incidents per area 2013
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4. Recommendations

During 2013 14 recommendations have been approved:

B1 Construction and equipment of recovery boilers

B8 Technical devices for emergency shutdown and rapid emptying of recovery boilers

B10 Monitoring of water circulation and material temperatures in recovery boilers

B15 Prevention of leakage of ion-exchange resins to the boiler water.

B16 Guidelines concerning equipment and protective systems for the destruction of
strong gases, methanol and turpentine in recovery boilers

B17 Design and operation of evaporation plant - recovery boiler.

B19 Equipment for firing of black liquor in recovery boilers

C4 Quality of feed water, condensate, boiler feed water, boiler water and steam

C5 Preventive measures and monitoring to create a deposit and corrosion inhibiting
boiler water buffer

Co Prevention at low pH values and at the occurrence of black liquor or oil in the
boiler water

C12 Chemical cleaning of water-sided coatings in recovery boilers

D1 Water washing of gas side in recovery boilers

D3 The minimum wall thickness of the water-tubes in recovery boilers

D4 Repair and maintenance welding in recovery boilers

4. Recommendations

The aim of the recommendation sub committee is to
check/update each recommendation every third year.

Extra efforts have been made to revise "B12 Auxiliary power
supply (Reservkraft 1 sodahus)” due to the fact that several mills
have experienced that the displays for the control system
suddenly have turned black.
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5. Education and examination

During 2013 the education was updated to version 2.0

The education will take place during three occasions, one week each, totally
120 h (earlier 108 h).

The first education phase will be the same for personnel working within
- Recovery boilers
- Evaporators
- Recausticizing

The education will contain more automation compared to the old
education.

All participants will perform a project work at their home miull. The projects
are decided by the participants and their home mills.

Example of projects/issues are:

More stable reduction rate, ash leaking, continous blow down, water
washing of the boiler...

5. Education and examination

The minimum accepted recovery boiler experience until
examination/certification is 2 yeats.

All certificates need to be updated/re-newed each 7% year.

The “examination test’” will be web-based and divided into three
main parts:

- Recovery boiler design
- Combustion optimization

- Safety
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YHTEENVETO SOODAKATTILAYHDISTYKSEN
TOIMINNASTA VUONNA 2014

JASENET

Talla hetkelld Soodakattilayhdistykseen kuuluu 23 varsinaista jasentd, joista 15 on
sellutehtaita, sekd 4 ulkojasenté.

Suomen soodakattiloiden keskiméaardinen koko on 2450 tonnia kuiva-ainetta péivassa
ja keskimadréinen ika 27 vuotta.

SOODAKATTILAVAURIOT 2014

Soodakattilayhdistyksen vauriotietokantaan on raportoitu lokakuun 2014 alkuun
mennessé yhteensd 10 vauriota. Vaurioiden lukumé&éra vuosina 1994 — 2014 vaurion
esiintymisalueen mukaan on esitetty kuvassa 2-1.

VAURIOIDEN LUKUMAARA VAURIOTYYPEITTAIN VUONNA 1994-2014
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Kuva 2-1 Vaurioiden lukum&éara vauriotyypeittdin vuosina 1994 — 2014.

Raportoiduista vaurioista kaksi havaittiin sulardnneissd, yksi kattoputkissa, yksi
priméari-ilmaputkissa, yksi nuohoimen véistdssd ja nelja keittopinnalla. Muu
kategoriaan raportoitu vuoto oli syéttoveden tyhjennyslinjan sulkuventtiiliin vuoto.
Vaurioista seitsemé&n havaittiin  vuosihuollossa/vesipainekokeessa ja kolme
normaalissa ajossa. Kattoputkivauriossa suoritettiin pikatyhjennys, muissa tapauksissa
alasajo suoritettiin normaalisti. Huomattavaa on, ettd yhtddn ekonomaiserivauriota ei
tdhdn mennessa ole raportoitu.
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Y hteenlaskettu mustalipeanpolton keskeytysaika on lokakuuhun mennesséa 232 tuntia,
joka on huomattavasti keskiarvoa (585 tuntia) alhaisempi. Keskeytysaika vuosina
1994 — 2014 vaurion esiintymisalueen mukaan on esitetty kuvassa 2-2.

KESKEYTYSAIKA 1994-2014

oMUy
@BPOHIA
OEKONOMAISERI

1400 -

1200 - OLIERIO
BKEITTOPINTA
= 1000 [ | ETULISTIN
2 200 OVERHO [&s |
E || OTULPESA '
i,
> 800

é 313
wi —
Fa 76
= 600 et —
;—"3 51 [
@ 216 297
g o 193 310

22| |- & -

16 -

200

|1u I"“"
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

47 73, , r M51s) | 520, ; s \
- - - } t

VUOSI

Kuva 2-2. Vaurioiden aiheuttama lipe&npolton keskeytysaika vuosina 1994 - 2014

PROJEKTIT 2014

Soodakattilayhdistyksen toiminta on jaettu viiteen tydryhmaén: kestoisuustyéryhma,
lipeatyOryhma, ympéristotyoryhmd, automaatioty6ryhma ja ohjelmaty6ryhma.
Jokaisella tyoryhmalld on oma vastuualueensa, jonka piirissé tyoryhmat toteuttavat
tutkimusprojekteja.

Tyoéryhmien projekteja

Polttoperaisten paastdjen ja nano-hiukkasten haitallisuuden maarittaminen
uudella tutkimusmenetelmalla (POPE), TEKES

Soodakattilayhdistys osallistuu Itd&-Suomen yliopiston TEKES-hankkeeseen jossa
tutkitaan soodakattilan, hakevoimalaitoksen, pienpolton (tulisija ja arinakattila)
paéstojad ja jalkikasittelytekniikoiden vaikutusta dieselajoneuvon pééstoihin seka
paastojen fysikaalis-kemiallisia ja toksikologisia ominaisuuksia. Liséksi tutkitaan
teollisten nanohiukkasten vastaavia ominaisuuksia.

Mittauksen perusteella soodakattilan hiukkaset eivat ole merkittavasti toksisia
verrattuna esimerkiksi diesel ajoneuvon paastoihin.
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Hajukaasusuosituksen paivitys

Suositus on toinen paivitetty versio 30.5.2002 ilmestyneesta suosituksesta. Suositus on
paivitetty viime vuosina tapahtuneiden hajukaasurajahdysten opetuksilla seka
toteutettujen sellutehdasprojektien kokemusten perusteella. Paivitysty0 aloitettiin
loppuvuonna 2010 ja suomenkielinen suositus julkaistiin jasenistélle 30.10.2013 ja
englanninkielinen k&&nnos 17.6.2014.

Soodakattilan kaynnistys-, pysaytys- ja hairi6jaksojen maarittely

Projektin tavoitteena on maaritelld parametrit soodakattilan kaynnistykselle,
pysaytykselle ja hairidajolle. Kyseisid jaksoja ei ole madritetty syyskuussa 2014
julkaistussa BAT-dokumentissa, jotka koskevat vain kattilan normaaliajoa. Kyseisten
jaksojen méaarittely tulee ajankohtaiseksi seuraavalla ymparistolupakierroksella.

Mustalipean ei-Newtonilaisuus ja pisaroituminen

Projektissa tutkitaan erilaisten lipeiden (lehtipuu-, havupuu-, seka- ja eukalyptusliped)
ei-Newtonilaista kéyttdytymistd sekd vaikutusta soodakattilan toimintaan, erityisesti
mustalipedn ruiskutukseen. Samalla pyritddn arvioimaan myds vaikutusta
putkivirtauksiin, pumppuihin sek& haihduttamoon.

Mustalipeén viskositeetti on tarked soodakattiloiden ja haihdutinyksikdiden toimintaan
vaikuttava suure. Viskositeettiin vaikuttavat lipean koostumuksen lisaksi mm.
lampotila ja kuiva-aine. Pienelld leikkausnopeudella viskositeetti on erittain suuri,
mutta kun leikkausnopeus kasvaa, niin viskositeetti laskee vakiotasolle. Alhaisilla
kuiva-aineilla ja alhaisissa lampdtiloissa tehdyt kokeet viittaavat siihen, ettd
ei-Newtonilaisuutta esiintyy kuiva-aineen kohotessa yli 50-70%.

CFD Modeling of Reduced Lignin Black Liquor Combustion

Tutkimuksessa selvitetdan ligniinikdyhan lipedn vaikutuksia soodakattilan toimintaan,
muun muassa ilmajakoon seka ruiskutukseen.

Understanding Low Temperature Corrosion in BL Combustion

Projekti on  jatkotutkimus  aikaisemmille  yhdistyksen tutkimuksille:
1. Dew Point Measurements at the Recovery Boilers in Rauma and Heinola
2. Probe Study of Corrosion in the Economizers of a Kraft Recovery Boiler

Molemmissa tutkimuksissa pyrittiin  samaan tietoa soodakattilan savukaasujen
happokastepisteesta ja matalalampétilakorroosiosta. Kummassakaan tutkimuksessa ei
saatu mitattua happokastepistettd eika H,SO, tai SO,-pitoisuuksia. Tassa projektissa
pyritdédn ymmartdmadn syitd matalan lampdétilan korroosioon (miksi ei havaittu
tehdaskokeissa vaikka kokemuksia korroosiosta 16ytyy) laboratoriokokeiden avulla.
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International Chemical Recovery Conference 2014 ja SKY 50-vuotisjuhla

Yhdistyksen juhlavuoden kunniaksi International Chemical Recovery Conference
jarjestettiin  Tampere-talossa ma 9.6.2014 - to 12.6.2014 ja keskiviikkona 11.6
pidettiin - SKY  50v-juhlaseminaari. Perjantaina 13.6 jarjestettiin halukkaille
mahdollisuus tutustua Kymin tehtaaseen sek& Verlaan. Tapahtumaan osallistui 227
henkil6a.

SKY Historiikki

Soodakattilayhdistyksen  50-vuotisjuhlavuoden  kunniaksi  tehd&an historiikin
yhdistyksen toiminnasta. Historiikin kirjoittaja Risto Valkeapéda on aloittanut projektin
maaliskuussa alussa. Haastatteluihin ja arkistomateriaaliin perustuva kovakantinen
kirja on valmis vuoden 2014 lopussa.

Projektista kiinnostuneet voivat ottaa yhteytta Ristoon:
Sahkdposti: risto.valkeapaa@gmail.com
Puhelin: 0500-491013
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Finnish Recovery Boiler Conference

AF&PA Recovery Boiler Program Update

Thomas J. Grant
American Forest & Paper Association

Helsinki, Finland
October 30, 2014

Recovery Boiler Program Update

Formed in 1974 — currently 26 companies including 8 non-
Assoc. members - Produce nearly 95% of black liquor in U.S.

111 mills operate 165 recovery boilers - produce nearly 40% of
total energy used by U.S. p & p —average age of boilers about
30 years — 67% installed prior to 1979

Mission: To produce greater awareness in safe practices,
Improve operation, maintenance and efficiency of boilers

Emphasis on training, maintenance and supervision
Two subcommittees: R&D and O & M work closely with BLRBAC

All operating companies gain directly from program




Recovery Boiler Explosions

Reduced explosion frequency by 10-fold - Chart shows five year
periods 1958 — 2014

From 1948 thru October 2014 reported
= 162 explosions (last one November, 2013)
= averaged 3 to 4 explosions per year thru 1990’s

Decrease reflects improvement in training; More awareness of
safety guidelines

Dedication to operations and maintenance
Management commitment

Mills doing more operator “walk downs” of boilers find small
upsets before bigger problems

Increased critical incidents reported — near misses avoided

Recovery Boiler Explosions/Outages

Number of Explosions Number of Days Outage
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Classification of Incidents

T7N122A_220\1 A
LULOTLV LS

2013 2014
Incidents Spring Fall Total Spring
Smelt-Water Explosion 1
Critical
Non-Critical
Dissolving Tank Explosion
Spout Failures
ESP’d but no leak
TOTAL

Spring 2013: In 7 incidents ESP was performed, including all 4 critical incidents
Fall 2013: In 8 incidents ESP was performed, including 5 of 9 (71%) critical incidents

Spring 2014: In 7 incidents ESP was performed, including 6 of 10 (75%) critical
incidents

ESP = Emergency Shutdown Procedure

Location of leaks 2013-2014

2013 2014
Incident location Spring Fall Total Spring Fall Total
Economizer 2 7 9 19 27
Superheater 4 6
Boiler bank 4
Screen
Upper Furnace
Lower Furnace
Floor & below
Smelt Spout
Steam Coil Air Heater
Dissolving Tank
Roof
Sootblower
ESP’d but no leak
TOTAL

7
4




Root cause and how discovered

LV LO™

How Discovered Spring Fall
Walk Downs 9 15
Control Room Identification 2

Leak Detect. System 1

Bed Camera -

Furnace Puff

Hydrostatic Test Outage

Root Cause

Weld Failure

Fatigue - Therm/Mech.
Erosion or Thinning
Overheat
SAC/SCC/FAC
Mechanical Damage
Unknown

Operator Safety Seminars

Started in 1985 — held 3 per year — nearly 3,300 attended

2012: 136 attendees from 117 companies and 23 mills; 2013 — 100
attendees from12 companies, 23 mills

2014: 87 attendees from 14 companies, 23 mills

Attendees benefit from dialogues with expert instructors and
operators from other mills on review of actual explosions

High evaluation from mills for seminars — 2 half days — Review
actual case histories and BLRBAC and AF&PA guidelines and training

Special topic seminars coordinate with BLRBAC
Updating Reference Manuals & make electronically available
Updating Recommendations; Guidelines and Audit Documents




Current Activities

Mitigation of Dissolving Tank Explosions Study

Best Practice for Functional Testing of Interlocks and Trips
Updating “Kraft Recovery Boilers” textbook

TAPPI Tip sheets developed from studies for Economizers —
two published last year

Sponsored Projects

Dissolving Tank Explosions Study — Phase | completed
= Reviewed & analyzed incidents reported by 89 mills
= ldentified major causes of explosions

= Excessive smelt runoff following upset conditions, e.g. boiler trip or
chill & blow

Spout orientation relative to furnace arch
Large quantities of molten smelt in dissolving tank

Working on Phase Il




Sponsored Projects

Developing a Best Practice for Functional Testing of Interlocks and
Trips on Recovery Boilers

The O & M Subcommittee has started to work on developing
guidelines on functional trip testing procedures on recovery boilers.

How to conduct testing and proposed sequencing of testing
interlocks.

The Committee also will work on identifying best practices for
clearing and preventing plugged/bridged ash hoppers, as well as
external line maintenance, inspection and testing.

Sponsored Projects

Updating “Kraft Recovery Boilers” textbook

The revision of the “Kraft Recovery Boilers” blue book is nearing
completion. Most chapters have been completed and reviewed.

The remaining chapters are expected to be completed by June 30,
2015.




Project proposal

Survey for best practices for safe operation of dissolving tanks
reports from mills to be analyzed

Study of Materials and equipment available used for personnel
protection around recovery boilers

Study of Heavy Smelt Runoffs

Study of Developing Procedures for Investigation of steam leaks
Shatter jet design improvements

The use of infrared (IR) scanners for monitoring superheater inlet
Gas temperature during recovery boiler start-ups

Energizing precipitator prior to starting fans up

Ash hopper pluggage/level indication

Boiler inspection protocols looking for SAC and FAC.

Annual Conference

40 attended the February 2014 conference, including
representatives from operating companies,
manufacturers, insurers, and vendors. Lower
attendance due to severe ice and snow storm

Presentations included reports on current projects,
subcommittee reports on their activities, reports from
Sweden, Norway and Finland, and research planned

Next conference will be held February 2015




ANALYSIS OF DISSOLVING
TANK VIOLENCE

Thomas M. Grace

Recovery Boiler Committee Annual Meeting

February 12, 2014

Phase 1 of Dissolving Tank Study

- Detailed analysis of dissolving tank explosions on
BLRBAC's dissolving tank explosion list
- 32 explosions analyzed

- Review of data from AF&PA dissolving tank survey with
emphasis on conditions relevant to heavy smelt runoff and
violent dissolution

- 88 responses to survey were analyzed

- Reports on these two aspects prepared




Dissolving Tank Explosions

- 32 dissolving tank explosions reported to BLRBAC for
which information was available were analyzed

- Emphasis placed on operational practices that contributed
to the violent event

- Cross-correlation with furnace design elements and
dissolving tank conditions included

- Large spreadsheet developed and used to analyze data
- Heavy runoff of smelt involved in 29/32 incidents
- Remaining 3 incidents analyzed separately

Summary of Heavy Runoff Incidents

- 20 incidents occurred in sloped floor units
- 12 had spouts on front wall
- 8 had spouts on rear wall

- 5 incidents occurred in decanting bottom units
- 3 had spouts on two side walls
- 1 had spouts on front wall
- 1 unknown which is spout wall

- 4 incidents occurred in partial decanting units
- All 4 had spouts on rear wall




T
Pattern Shown in Sloped Floor Units

- Incidents involved plugged spouts and heavy runoff out of
one spout once it was opened
- Little difference between front wall and rear wall spouts in this
regard
- Prolonged operation (hours) with significant heat input
and spouts plugged before one spout was opened
- Heat input provided by auxiliary fuel only
- Black liquor firing was not or only minimally involved
- Heat inputs averaged about 50% of MCR
- Smelt pools inevitable under these conditions — right by spouts with
depths of 18 — 24 inches in some cases
- Smelt rush developed quickly and limited operators ability
to deal with it

T
Sloped Floor Pattern Continued

- Slag fall from upper furnace was a factor in essentially all
incidents
- Contributed to plugging of spouts
- Source of most of the smelt involved in runoff
- Sulfate rich slag would lower sulfidity of smelt being produced and
could effect smelt flow characteristics
- Explosions tended to intensify once they began

- Damage from initial explosions changed how smelt entered the
dissolving tank and conditions within the tank

- Progressive nature specifically mentioned in over half of the
incidents

- Smelt dissolution system not very robust
- Shatter jets did not handle heavy runoff very effectively




Decanting Bottom Units

- Pattern less consistent than with sloped floor units

- Most involved plugged spouts and heavy runoff after one spout
opened

- But plugging was more intermittent and spouts seemed to be
opened more easily

- All five incidents did have large amount of smelt enter tank in a
short time
- All five associated with events that would drop slag from
the upper furnace and produce high sulfate smelt

- Black liquor firing was involved in 4/5 incidents, providing
considerable heat input and a source of smelt

Decanting Bottom Units Continued

- Shatter jets were not capable of dealing with the heavy
runoff

- In 3/5 incidents damage to spouts or shatter jets led to
intensifying violence

- High dissolving tank level and splash up into spouts
involved in 2 incidents

- Lack of robustness of smelt dissolution system
contributed to violence experienced




Partial Decanting Units

- All 4 incidents involved heavy smelt runoff
- Not evident that plugged spouts were a dominant factor

- All 4 occurred while operating at high rates on black liquor
(4/4) and auxiliary fuel (3/4)
- Heat inputs of 87 — 100% MCR

- In % the bed was observed to be growing and liquor and
air adjustments were being made
- Bed high in other incident but considered to be normal

- Not connected with slag falls from upper furnace
- Smelt sulfidity and jelly-roll smelt involved in 2 incidents

- Intensifying violence because of damage to shattering
system and spouts from early damage

Remaining Three Explosions

- Operation for a considerable period with smelt entering
tank without water going in and then adding water

- Inadequate agitation and circulation in the dissolving tank

- Problems with density measurement and control led to
insufficient water entering tank when running at 86% MCR
- Red hot smelt observed in tank




Overall Explosion Summary

- Floor shape and spout location significant factor

- Prolonged heating with plugged spouts will cause smelt
pools and is a dangerous situation

- Black liquor firing with plugged spouts not a significant
factor in sloped floor units — black liquor firing more
important in decanting and partial decanting units

- Need more effective ways to prevent plugged spouts or
open them after a slag shedding event

- Damage sustained early on as an explosion incident
proceeds can create conditions that accelerate violence

- Heavy runoff incidents develop rapidly and limit the time
available for operators to take effective action

Explosion Summary Continued

- Smelt rushes can change trajectory of smelt entering tank
and cause shatter jets to miss stream

- Jelly-roll smelt can dribble off spouts and cause shatter
jets to miss

- High sulfate smelt resulting from slag falls involved in
most runoff incidents — may have an effect on smelt flow
characteristics as well as amount of smelt

- Conditions in the dissolving tank (level, density, mixing)
can affect the degree of violence




Analysis of Survey Data

- Survey responses gave a somewhat different picture of
heavy smelt runoff than the explosion data

- Dissolving tank explosions are generally on the extreme
end of violent smelt dissolution
- There is a spectrum of runoff magnitudes and degrees of violence

- Most heavy runoff incidents do not do damage (or only do minor
damage) and are not reported to BLRBAC

T
When Pull Liquor for Plugged Spouts

- Sloped floor units all had firm guidelines on when liquor
would be pulled

- Dependent on number of spouts and number plugged
- 2 spouts — pull when both plugged, reduce rate when 1 plugged

- More than 2 spouts — all pull liquor when all spouts plugged
» Some pull with 1 or 2 spouts still open
* More flexible with more spouts — common to base firing rate on number open

- Decanting bottom units had fuzzier guidelines — additional
conditions besides number of spouts plugged
- Half pull liquor when all spouts plug — not necessarily at once
- Evidence of a smelt pool a factor in some decisions
- Willingness to continue burning liquor while trying to open spouts
- Operator judgment a bigger factor in decision making




T
When Pull Auxiliary Fuel

- Sloped floor units
- < half pull when all spouts plugged
- 1/3 pull when evidence of a smelt pool
- 1/5 pull only if there is heavy runoff
- 1/10 won’t pull aux fuel — use it to help open spouts
- Many look on aux fuel firing as a way to keep spouts open or aid in
opening them
- Decanting and partial decanting units
- Similar responses as sloped floor units
- Much greater reliance on black liquor firing

T
Experience With Heavy Runoff

- 80% of respondents had experienced heavy runoff

- Survey response on causes of heavy runoff differs
considerably from the pattern in dissolving tank
explosions which is dominated by opening plugged spouts

- Fuel and air changes implicated in many replies

- Changes in heat input can increase local smelt production and give
smelt surges




T
Causes of Heavy Runoff

- Opening plugged spouts

- Burning down the char bed

- Start up with a bed or slag in the unit
- Fuel and air changes

- Liquor chemistry and jelly roll smelt

T
Steps to Manage Heavy Runoff

- Managing/controlling the combustion process
- Reduce firing rates, especially black liquor
- Air adjustments in lower furnace

- Keeping spouts open

- Control liquor chemistry

- Activate backup shatter jets

- A few use flow restrictors or spout plugs
- Dissolving tank density and level control




T
Liquor / Smelt Chemistry

- Liguor chemistry and jelly-roll smelt indicated to be an
important factor in smelt runoff and tank violence

- Sulfidity was most important liquor property
- 65% of respondents mentioned sulfidity

- 74% of respondents said jelly-roll smelt was a problem
+ 66% of these said sulfidity
- 18% said combustion problems
- 15% said cold bed

- There is no doubt that smelt sulfidity affects smelt
viscosity and that this contributes to dissolving tank
violence

T
Effect of Sulfate-Rich Slag

- Smelt consists of three major components: Na,COs,
Na,S, and Na,SO,
- Especially when recovering from a trip or chill and blow
- Material falling from upper furnace is rich in sulfate

- Sulfidity measurements based on TTA ignore the sulfate
and give an erroneously high value for sulfidity

- The true effect of sulfate-rich slag is to dilute the sulfide
and lower the sulfidity, possibly contributing to high-
viscosity smelt




Behavior of Slag on the Hearth

- Can plug spouts — depends on design

- Must be melted to be removed from furnace — requires
heat

- Minimal interaction with carbon in char
- Tends not to wet char
- Sulfate remains sulfate

- Melted slag dilutes other smelt and lowers sulfidity

- Slag cools when contacted by primary air — thus bed
responds to air adjustments differently than normal smelt
and char

Possible Phase 2 Activities

- More effective ways to keep spouts open or open plugged
spouts quickly
- Consensus procedures for opening plugged spouts
- Evaluate potential of automatic spout rodders
- Safe, effective easy-to-use spout torches
- Evaluate effectiveness of raising spout level on sloped floor units
- Means to keep spouts open in anticipation of slag falls

- More effective smelt shattering systems
- Determine state of the art
- Evaluate how systems can be made more robust
- What is most effective shattering medium and how to apply it
- Mitigation of heavy smelt flows once a rush has begun
- Evaluate effectiveness of current approaches




Possible Phase 2 Activities, continued

- Effective strategies for using internal heat to help unplug
spouts
- Limitations due to availability and location of hearth burners
- Guidelines on how much heat to use and where to apply it

- Full understanding of the role of high sulfate slag on smelt
flow characteristics and runoff events
- Interact with University of Toronto programs
- Emergency dissolving tank control algorithm that can be
switched on when heavy runoff occurs or is anticipated
- Develop basis for specifying what is needed




BRASILIAN SOODAKATTILAYHDISTYKSEN KUULUMISET

Brazilian Recovery Boiler Safety Committee
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Brazilian Recovery Boller Safety Committee

e Since 2001 (next meeting ABTCP 47t Pulp and Paper Int.

Congress and Exhibition- Oct 9th )
e 4 sub committees:

» Combustion

» Safety

» Maintenance (Now dealing with changes on time between

inspection - New Brazilian regulation)
BESP

CSCRB - ESP SUB

COMMITTE




ESP Sub Committee Activities

1- Brazil (and Uruguay) recovery boiler database
maintenance

2 - Exchange information with other international
committees (BLRBAC, SNRBC, FRBC)

3 - Incident analysis

4 - Incident presentation

5 - Non ordinary issues

Data base maintenance




Current status (considering also Uruguay)

40 recovery boilers - 37 in operation

e 1 Hibernated (Jari)

« 2 Under project (CMPC-Guaiba and Klabhin)
« 10 Recovery boilers retrofits since 2004

« 13 New recovery boiler since 2004

« Typical age: 19 years

« Typical size: : 2.600 tss/day

Bollers by size

<500 tss 15%

500 to 1500
tss 22%

1500 to 3000
tss 25%




Boilers by suppliers

BW__ OTHERS

ANDRITZ
16%

VALMET
47%

Boilers by users

Stora 5% IP 3% BSC 3%
0

UPM 6%

Eldorado 7%

. " Klabin 12% l --




Data base
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Exchanged information

Boilers comparisons

S oy Canada | USA | Fmang | Sweden

Recovery boilers 40 43 158 17 27
Age 19y 35y 39y 24y 29y
Oldest 42y 73y 60y 55y 52y
Biggest 7200 tDS/d | 3300 tDS/d | 3325 tDS/d | 4500 tDS/d | 4000 tDS/d

Youngest 2016 2007 2008 2008 2012




Boiler comparisons

* Previous slide presented us the enormous
challenge we are facing.
« We must keep boilers with highest availability,

always considering its total life cycle

Incident analysis




Classifications

o Critical

* Not critical

 Dissolving tank explosion

e Accident: When people or the recovery boiler itself
were under risk, independent of leakages
consideration — examples: HBL Tank failure; BFW

contamination...

Events by type

DTE
6%

Accident
26%




Events remarks

Decreased Dissolving Tank events after deep procedure
discussions (2006)

Since 2001 we have only one injured person (DTE) on recovery
boiler related events

One minor explosion due waterwashing a hotter furnace

Three smelt-water contacts without explosion

0 ESP’s from 2002 to 2007

10 ESP’s since 2008 (all of those correctly evaluated by operators)

Incident presentation




Case

2014 Incidents will be presented during ABTCP 2014 Congress

Non ordinary issues




Data base update

e Survey every five years. First on 2003, second at 2008,

third under execution this year.

» Results will presented on ABTCP 2014 Congress

Major concerns

» Superheater life cycle

 Materials for lower furnace tubes

e Guidelines for x-large boilers

* Cooling time for x-large boilers (7 days were required to

cool a particular boiler before inspection/ after ESP)




Thank you for your attention




SOODAKATTILAYHDISTYKSEN OPINNAYTETYOPALKINNON ESITTELY:
INFLUENCE OF KRAFT RECOVERY BOILER’S MAIN CONTROL
PARAMETERS ON REDUCTION DEGREE

Antti Kokkonen
Oulun yliopisto / Metso Automation Oy



Recovery Boiler
Reduction Degree
Data Review

Antti Kokkonen - Product Manager
Jeff Butler - Product Manager, North America

) metso

Research objectives

- Can we influence reduction?

- Investigate the impact of droplet size (viscosity)
and air adjustments to reduction degree




Kraft pulp mill process

3

White liquor
Na,S + NaOH

© Metso

® Metso Recovery Analyzer
measurement locations

100% Chips
->50% Pulp

-> 50% Black quuor/ )

Weak black liquor
ds. content 17%

Measurement Platform




Metso Recovery Analyzer (METRA)

- Performs standard SCAN method ABC
titration to pH inflection point. Chemical
absolute results!

+ Measurement Capabilities:
Dissolving Tank green liquor
Weak Wash
Green liquor to slaker
Slaker/1st causticizer lime mud slurry
Final causticizer lime mud slurry
Final white liquor to the digester
NEW Recovery Boiler Reduction
° Flexibility and expandability in
measurement capacity when needs
grow, with more speed and capacity

° Introduces the Metso modular analyzer
concept for recovery process

° User-friendly interfaces and supporting
tools for life cycle services

* Cost effective installation

° Safe, automatic sampling - less
manual work in risky environment

Tmetso

METRA

Measurement options

Standard Titration

Provides actual liquor
chemistry titration results
(ABC-titration/SCAN 30:85)
Analyzer measures HCI
consumption at each equivalence
point and calculates: Na,CO;,
NaOH, Na,S and EA, AA, TTA,
CE% and S% values for the
sample

Reduction Degree Titration

Recovery boiler

reduction degree (includes
ABC-titration)

Na,S analysis by titration
method and Na,SO, titration
with optical inflection point
detection




Recovery boiler measurement applications

Green liquor clarifier

Recovery boiler

Na,S

100 x
Na,S + Na,SO,

Green liquor

- v
Dissolver o 10 slaker
- . C! -
WwWL 4
} 5 ® o—

Eqqualizing tank Green liquor Cregs to green
clarifier

liquor handling

Weak wash
storage tank

METRA

TTA control after dissolver (1&2)
» Stabilize TTA level

* Enable TTA level increase without
scaling

» Less water in recovery loop - energy
savings, stronger white liquor

Reduction degree measurement

after dissolver (1)

» Measures the degree of reduction from
sodium sulfate into sodium sulphide

» Enables improved recovery boiler
reduction degree management

Measurements can be used with

Advanced Process Controls to:

» Precisely control dissolving tank green
liquor density and TTA

» Improve overall boiler reduction degree
and operation

METRA's reduction degree analysis is an
integral part of optimizing boiler controls

8 Date Author Title




Test boilers

* Recovery Boiler A

- Maximum operating pressure:

103 bar
- Power output: 168 MW

- Black liquor burning capacity:

2000 tds/d

- Swing type boiler: softwood,
hardwood and mixed black
liquor burned

- As fired liquor solids 74-80%

* Recovery Boiler B

- Maximum operating pressure:
105 bar

- Power output: 250 MW

- Black liquor burning capacity:
2100 tds/d

- Fires only softwood derived
black liquor

- As fired liquor solids 74-76%

Droplet size adjustments

- Tests concluded for hardwood-based and
softwood-based black liquor as well as
mixed liquor at two mills

- Droplet size increase and decrease
investigated (viscosity)

- Step changes made to elevated boiling
point of black liquor (AT,) to
increase/decrease as fired liquor
temperature




DROPLET SIZE DECREASE TEST
SOFTWOOD LIQUOR

20 T T T T Variables:
; : i ; ; ; : ; ; LIQUOR dTb [°C)

Variables:
LIQUOR TEMPERATURE (°C)

Variables:

PRIMARY AIR FEED (Nm#¥/S)

Variables:
REDUCTION DEGREE (%)
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- Char bed big in the beginning -> buffers effects of droplet size adjustments
- Liquor softwood grade decreased -> control recipe changed resulting to
decrease in primary air feed

- Controls further decreased primary air feed after the test period -> RE%
improvement

Antti Kokkonen 2013

DROPLET SIZE DECREASE TEST
HARDWQOOD LIQUOR

LIQUOR dTb (*C)

LIQUOR TEMPERATURE (*C)

REDUCTION DEGREE (%)
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- Low liquor dry solids burning rate (1550 tds/d)

- Char bed depleted -> no reducing carbon in bed
- Reduction degree decreased considerably

- Carryover also detected

Antti Kokkonen 2013




2000

DROPLET SIZE INCREASE TEST
MIXED LIQUOR

1900 -
1800[
1700
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1500

T T Variables:
: LIQUOR LOAD TO BOILER (tds/d)
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- Controls adjusted primary air feed during the test

- Char bed size was depleted at the start of test

- At first, slight decrease in reduction but as bed began to build up,
reduction degree improved significantly

Antti Kokkonen 2013

Droplet Size Test Summary

- Results were repeatable at both subject Mills

- Weak correlation between droplet size (liquor viscosity)
and reduction

-The size of the char bed in the boiler appears to play a
significant role in buffering the effect of droplet size on
reduction

- Smaller bed + droplet size decrease = lower reduction

- Smaller bed + droplet size increase = improved
reduction

- Larger bed + droplet size decrease = little change
initially but if allowed to persist, a loss of reduction can
occur as char bed is depeted

- Larger bed + droplet size increase = little change initially
but if allowed to persist, a loss of reduction can occur as
the bed cools with increased size




Air feed adjustments

- Changes made to primary and secondary
air feeds

PRIMARY AIR FEED DECREASE TEST

Variables:

PRIMARY AIR FEED (Nm3/s)

Variables:

SECONDARY AIR FEED (Nm3/s)

Variables:

P SO N i @ O —— i

11 PP ph AR ot s A o A AR A s

: : : : TERTIARY AIR FEED (Nm3/s)

T T T T T T Variables:
REDUCTION DEGREE (%)

1
07:34
2013-09-28
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09:14

2013-09-28
Saturday
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- Decrease in primary air resulted in an expected improve in reduction
- Liquor load was stable at 1720 tds/day throughout test run
- Char bed was "normal” at beginning of run and no significant changes noted during

the test run

Antti Kokkonen 2013




SECONDARY AIR FEED INCREASE TEST
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- Slight liquor load increase during the test

Variables:
PRIMARY AR FEED (Nm3/s)

Variables:
SECONDARY AR FEED (Nm3/s)

Variables:
TERTIARY AIR FEED (Nm3/s)

Variables:
REDCUTION DEGREE (%)

- Increased secondary air decreased reduction efficiency but later the increased

liquor load improved reduction degree

’ © Metso

¢’ metso

FURNACE LOWER PART AIR FEED INCREASE TEST

1800 .

95

i
22:00

i
18:40 01:20
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i i i
08:40 12:.00 15:20

Variables:
LIQUOR LOAD TO BOILER (tds/d)

Variables:
PRIMARY AR FEED (Nm¥S)

Variables:
SECONDARY AIR FEED (Nm¥/3)

Variables:
REDUCTION DEGREE (%)

- Low liquor solids dry burning rate (1500 tds/d), increased towards the end of the test

- Liquor dry solids increased slightly
- No major changes in char bed size

- Primary and Secondary air additions resulted to lower reduction degree

Antti Kokkonen 2013




FURNACE LOWER PART AIR FEED ADJUSTMENT TEST
Primary air increase - secondary air decrease

25 T T T Variables:
: : : : ; ; : : PRIMARY AIR FEED (Nm3/s)

Variables:
SECONDARY AR FEED (Nm3/s)

Variables:
TERTIARY AIR FEED (Nm3/s)

Variables:
REDUCTION DEGREE (%)
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- Liquor load stable at 1820 tds/d during test

- Common operator adjustment, cut secondary, add it to primary

- Air ratio change resulted in lower reduction

- Changes led to increased excess boiler O2, carryover and poor reducing
conditions in the furnace

Antti Kokkonen 2013

Primary and Secondary Air
Test Summary

- Results were repeatable at both subject Mills

- Stronger correlation between air adjustments and
reduction.

- The impact of the size of the char bed in the boiler
cannot be ignored when considering the effect of
primary and secondary air adjusments on reduction.

- Primary air decrease = improved reduction

- Increase primary and secondary = lower reduction due
to excess O, content

- Increase primary air, decrease secondary air = lower
reduction, higher boiler excess O, and carryover.
Common operating response to increase steam from
boiler or in response to cooler bed conditions or poor
smelt run off.




Problems with low reduction degree?
Simplified instructions for manual adjustments

1. Small char bed
- Decrease liquor firing temperature in order to build up the char bed
- Adjust the temperature so that the bed is at stable state
¢ If increasing, increase liquor temperature
* If decreasing, drop liquor temperature

2. Furnace lower part air feeds (primary-secondary-ratio)
- Smelt running well in smelt spouts
* Decrease both air feeds, add corresponding amount above liquor sprays
- Problems with smelt running
* Cut secondary — add primary

* When suitable primary air amount is found decrease secondary air until
reduction degree gets better

* Adjust char bed size by liquor temperature as told in point 1.

y

metso

-
N
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Expect results
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SUOMEN SOODAKATTILAYHDISTYS RY
RAPORTTISARJA

1/2013  Suomen Soodakattilayhdistys ry
Konemestaripéiva 24.1.2013, esitelmét
Rantasipi Imatran Valtionhotelli, Imatra/Metsa Fibre Oy, Joutsenon tehtaat
(16A0913-E0140) 24.1.2013

2/2013  Suomen Soodakattilayhdistys ry
Soodakattila-alan yhteistoiminta
Vuosikertomus 2012
(16A0913-E0141) 18.4.2013

3/2013  Suomen Soodakattilayhdistys ry
Finnish Recovery Boiler Committee
SKYREC - Increasing recovery boiler electricity generation to a new level
1.1.2008 — 31.12.2012, Summary Report
(16A0913-E0142)

4/2013  Suomen Soodakattilayhdistys ry
Soodakattila-alan yhteistoiminta
Poytékirja. Vuosikokous 18.4.2013, Hotelli Arthur, Helsinki
(16A0913-E0143) 18.4.2013

5/2013  Suomen Soodakattilayhdistys ry
Soodakattilapéiva 31.10.2013
Sokos Hotel Vantaa
(16A0913-E0144) 31.10.2013

6/2013  Suomen Soodakattilayhdistys ry
Soodakattila-alan yhteistoiminta
Ohje soodakattilalaitoksen varmennetun jannitejakelun periaatteeksi
Juha Honkamaa.
Poyry Finland Oy
(16A0913-E0145) 3.10.2013

7/2013  Suomen Soodakattilayhdistys ry
Hajukaasujen polttosuositus, revisio B 29.10.2013
(16A0913-E0146) 29.10.2013



SUOMEN SOODAKATTILAYHDISTYS RY
RAPORTTISARJA

1/2014

2/2014

3/2014

4/2014

5/2014

Suomen Soodakattilayhdistys ry

Konemestaripéivé 13.2.2014, esitelmét

Scandic Vierumdki, Stora Enso Oyj, Heinolan tehdas
(16A0913-E0147) 13.2.2014

Suomen Soodakattilayhdistys ry

Soodakattilan séhkdsuodintuhkan hyotykéayttémahdollisuudet,
Osahanke V: Sahkokemiallinen kasittely

Kurt Siren, Oy Sirra Ab

(16A0913-E0148) 10.3.2014

Suomen Soodakattilayhdistys ry
Soodakattila-alan yhteistoiminta
Vuosikertomus 2013
(16A0913-E0149) 24.4.2014

Suomen Soodakattilayhdistys ry

Soodakattila-alan yhteistoiminta

Poytékirja. Vuosikokous 24.4.2014, Radisson Blu Plaza hotelli, Helsinki
(16A0913-E0150) 24.4.2014

Suomen Soodakattilayhdistys ry
Soodakattilapdiva 30.10.2014
Cumulus Koskikatu, Tampere
(16A0913-E0151) 30.10.2014
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