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IHI’s Activities

Co-firing
*

CO, Emission

CO2 Absorber
Pre-treatment system

Stripper

Oxyfuel (0:/CO; recycle) combustion capture

l Coal-Fired Power Plant ’ e "'\ ?

CO; capture by chemical absorption (CCS) Oxyfuel (Callide Project)

Will be presented on 11" May, in CCS section
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Co-firing Technology

Challenges on co-fl_rl_ng at high ratio of biomass 150MW-scale PC boiler
Technical (burner, milling) problems
Ash-related problems Co-firing ratio : 25% on energy base (33 wt%)

|

Slagging/Fouling /m Verification g | b
Tendency I =" kb :
November 11 -12, 2015

at Kamaishi, Iwate Pref

Ash deposition
¥
Corrosion
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Brief description about Co-firing test
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Co-firing test

Purposes

Superheater o )
o 1. Collect the initial deposits and Analyze

their properties

2. Investigate the effect on boiler tubes
using synthetic ashes based on the
properties of initial deposits

O Sampling point

Furnace _
Coal—=>H O O (<« Biomasgd Coal

Coal =} { ]« Coal

Unit Coal Wood
Pellet
MJ/kg 30.5 20.9

Ash wit%-db 10.7 0.6
Sampling point
1. Furnace wall near burner
2. Superheater FC  wi%-db 540 16.8

VM wit%-db 353 825
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Co-firing test
Analysis procedure of ash

Ash SiO,, AlLO;, TiO,, ICP-AES
oJeluleloSIfo il CaO, Fe,O;, MO,
BaO, P,0;

Na,O AAS

K,O AAS

SO, AAS

WEWEIES eIt Cl, SO,, PO,, Ka, Na, JISZ-7302-6
compounds* [jefl

Unburned TG-DTA
carbon

*Water-soluble analysis — detect compounds that affect corrosion on boiler tube

IHI
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Properties of Initial Deposits Collected in Furnace Wall

Unburned Carbon

20
16
% 12 +
é’
s 8 F
100 - 4T
< a) Furnace Wall e
= 80 | 0 .
= 25% biomass coal
@©
@ 60 Co-firing produces high amount of
§ char in deposits due to higher particle
2 Y size of biomass
B
g 20
3
0

100 Strong Reducing Atmosphere
Co-firing produces coarser ash particles for Co-firing condition
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Properties of Initial Deposits Collected in Furnace Wall

70 3.0
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50
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41.0
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sio, ALO, Fe,0, Na

,0 KO ca0

BaO MgO SO,

P,0. TiO,

Water-soluble elements

700

600 | M Coal
IS i % bi
= =500 | #  25% biomass
Ea
o & 400 F 25% biomass
y— X
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g — 200 L L —» Water Insoluble
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K, Na, Ca
= Slight increase
S

= 3-4 times higher for co-firing

Insoluble > Soluble compounds
Water-Soluble S (e.g. Na,SO,)

2 times higher for co-firing
S>>Cl

Main active compounds for corrosion

Na,SO,4

IHI

Initial Deposits




Properties of Initial Deposits Collected in Superheater

Unburned Carbon

’ -26% Bio-mass
ey . 20
® 16 |
% 12 +
=
= 8 r
100 — 4 |
S
c 80 ¢ 0
3 25% biomass coal
= 60 |
£ Very low unburned carbon
©
= 40 }
= A
§ 20 1 Oxidizing atmosphere
0

100

Particle size [rm]

Co-firing produces coarser ash particles
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Amount of element

Properties of Initial Deposits Collected in Superheater

Chemical Composition
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W1t% -ash
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Fe,0, Na,0 K,O

Sio,

Al,O,

Water-soluble elements
700

CaO

M Coal
&  25% biomass |

BaO MgO SO, P,0, TiO,

600 +

500 +

400 +t+
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300 | _
200 2
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100

0
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Na, Ca
= Slight increase

K, S
= 2-3times higher for co-firing

Insoluble > > Soluble compounds

Water-soluble K, Na, S
= Significant increase during co-firing

S>> Cl

Main active compounds for corrosion

K2SO4, NapSO4

IHI
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Lab-scale corrosion test

Composition of ash synthetics and gases

Superheater Env. | Furnace Wall Env.
(650 C) (500 C)
Conditions | Coal ﬁring| Co-firing | Coal ﬁring| Co-firing
Composition of synthetic deposit (Wt%)

- Sio, 71.6 70.9 70.1 59.2
Steam Generator Reton voLoOoooouooo Exaust Al,O4 22.1 21.9 21.7 18.3
' c] [ \J :.fGas A ) &) [/ \\éﬁ- Fe,0, 6 6 5.9 5
Gas Mlxer\ ' T,-" ’ ,/ CasQ 0.15 0.7 - -
I Gas Flow 00 Or‘f} 00000000 CaCo - - 0.38 0.56
H I:;] Controller ;?:,t:es ;;' Electric Furnace Na,SO, 0.11 0.14 0.09 0.22
| NaCl 0.01 0.04 0.02 0.05
C&J asl Synthetic Ash Deposit Na,COs - - 0.16 0.15
ﬁ L K,SO, 0.05 0.24 0.04 0.03
KCI 0.01 0.06 0.01 0.01
N, SO, O, CO K,CO, i - 008 | 0.02
C - - 1.5 16.5

NaO+ K,O| 0.09 0.25 0.23 0.25
Gas composition (vol%)

Furnace wall’s tube materials
- STB 410 (carbon steel) & STBA 22 (T2)

0, 4 4 0.5 0.5
Superheater’s tube materials (H:f ig ig 11205 11205
- Ka-SUS304J1HTB(UNS 30432), S 2 .04 508 5 63 -
- Ka-SUS310J1HTB (TP310HCDbN) C%Z '_ '_ 2'5 2-5
Exposure time : 500 h (250 x 2) HaS X X 001 | 00l
N, Balance | Balance| Balance| Balance

Temperature : 500 C (for furnace wall condition)
650 C ( for superheater condition)

IHI
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Effect on Furnace Wall’s tube

20
Synthetic coal -firing deposits
— 16 | Cofiing I Co-firing increases corrosion rate of
5 / furnace wall’s tube materials due to
D .
E Y rcanmgy = BB - Strong reducing atmosphere
g g | | I High carbon content in deposits
=
2
L 4 .
= 4 I How to mitigate ?
O R 1 20
STB410 STBA22 STBA22 STBA22 o Synthetic co-firing deposits
Weakly reducing  Strongly reducing '
atmosphere atmosphere g 16
SEM Fe o) S 2 |
w»
0
Strong 2 g+t
I £
2
o 4+
=
O e |
STBA22 STBA22
Strongly reducing ~ Weakly reducing
atmosphere atmosphere

Weak Decreasing the reduction capacity

of the atmosphere in furnace wall
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Effect on Superheater’s tube

20
— 16 |
£
(&)
2 12 L
o The effect of co-firing is negligible for austenitic steels
N Co-firing
o
= 8 r Coal firing /
=, l
()]
s 4

0 1 letaans]

Ka-SUS304J1HTB Ka-SUS310J1TB
SEM Fe Cr Ni 0 S
Coal firing
P o .
- s e
AT T Strong
Co-firing
Weak

i, W T

S0um S —— soum R
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Summary

Co-firing produced two to three times as much alkali sulfates (K,SO4 and
Na,SO,) in the furnace wall and superheater deposits compared to coal
firing.

A higher amount of unburned carbon was also observed in the co-firing
deposits obtained from the furnace wall —  strongly reducing
atmosphere

Co-firing produced a higher corrosion rate of furnace wall tubes at 500 C
compared to coal firing. However, it can be mitigated by decreasing the
reduction capacity of the co-firing atmosphere

co-firing had a negligible effect on the corrosion of superheater tubes,
particularly austenitic stainless steels at 650 C.

ITHI
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Properties of materials

Table 3. Composition of materials of tubes used for corrosion tests

Type of tube Compostion (wte) )

(J1S - Japan) ASIM Cr Mo Ni Others Remarks

STB410 A3-GrB. - - - (Carbon steel) Fumace wall tube

STBA22 T2 1 0.5 - - Fumace wall tube

Ka-SUS3MIIHTB  UNS 30432 18 - 9 Cu N Superheater tube

Ka-SUS310J1IHTB  TP310HCHN 25 - 20 Superheater tube
IHI
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