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Motivation

« Typical coal/biomass specification is based on several

measurements: Caloric value, Proximate analysis, ultimate analysis,
ash analysis, ash XRD, ash fusion test...

« Each test is performed under different conditions wrt. temperature and
gas atmosphere.
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Motivation

Mineral 1

« Typical coal/biomass specification is based on several
. . . . . Quarz =

measurements: Caloric value, Proximate analysis, ultimate analysis, — &™* )
ash analysis, ash XRD, ash fusion test... Mormions

Plagioclase 7

« Each test is performed under different conditions wrt. temperature and s :

2
Oxides and hydroxides 215
g aS atm OS p h e re Magnetite + Hematite 1
. Goethite + Lepidocrocite 1
Spinel + Fe spinel 05
Corundum
Diaspore + Boehmite + Gibbsite
Brucite
Carbonates GG
Calcite
Dolomite 1
Ankerite 05
Siderite 1
Magnesite
Sulphides 2
Pyrite 2
Marcasite
Pyrrhotite
Sulphates Hi5
Gypsum 1
Table 2 Jarosite + Melanterite it
Chemical composition (wt. %) and ash-fusion temperatures (°C) of the coal samples Alunite . 0.5
Hexahydrite
Sample Proximate analysis (as received) Ultimate analysis (daf) High-temperature ash analysis (815 °C) Ash-fusion test? Barite 05
FC VM A M C 0 H S N S0, A,0: Fe0s €CaO SO MgO K:0 TiOs NaO Si0/ DAI® ST HT FT i’;‘;ﬁ’&“m }'5
ALO, Vivianite 05
1. Akabira 238 24.6 489 27 764 16.0 6.1 04 1.1 62.96 21.16 5.58 237 1.28 2.11 233 0380 1.42 30 7.8 1180 1380 1400 %03:2“3 085
ot .

Vassilev, Fuel 88 (2009) 235.
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Motivation

Mineral 1

« Typical coal/biomass specification is based on several
. . . . . Quarz =

measurements: Caloric value, Proximate analysis, ultimate analysis, — &™* )
ash analysis, ash XRD, ash fusion test... Mormions

Plagioclase 7

« Each test is performed under different conditions wrt. temperature and s :

Oxides and hydroxides

gas atmosphere. o 1

Spinel + Fe spinel 5
T3 . . C:_)rundum ) -
« “What atmosphere should | set to compare an ash fusion test with a Diaspore + Boshmic + Gibbsit
. f)“ Carb_on tes GG
FactSage calculation” §
Ankerite 05
(13 - - . - ? 11 Siderite 1
* “How do | consider slow reactions in the boiler” Mg 2
Pyrite 2
11 - . - 13 M i
 “How do | choose the atmosphere when modelling deposit formation?* e
Cypoum ?5
Table 2 Jarosite + Melanterite 15
Chemical composition (wt. %) and ash-fusion temperatures (°C) of the coal samples al”r:rtl;dr . 0.5
Sample Proximate analysis (as received) Ultimate analysis (daf) High-temperature ash analysis (815 °C) Ash-fusion test? Barite 05
FC VM A M o 0 H S N Si0s Al,Os  Fes03 CaO SOs MgO K0 TiD» NasO Si0./ DAI® ST HT FT i’:;?ttar :'5
ALO, Vivianite 05
1. Akabira 238 24.6 489 2.7 764 16.0 6.1 04 1.1 6296 21.16 5.58 237 128 211 233 080 142 3.0 7.8 1180 1380 1400 %DY;ZHE 085
ot .

Vassilev, Fuel 88 (2009) 235.
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An accidental experiment — and its analysis

Turbo Power TwinTurbo 38(
by Turbo Power

7 ratings

Price: $199.99 ($199.99 / Count) & FREE S
Get $50 off instantly: Pay $149.99 upon app
Item is returnable in 30 days and restocking

Air Flow: 79 m?/h.

Drying Power: 2100 Watts.
Technology: Ceramic and lonic.
Attachments: 2 Concentrator Nozzles.
Weight: 500 grams / 1.10 lbs.

Compare with similar items

2 new from $199.98

79 m3/h = 1320 |/min = 54 mol N, / min

https://www.amazon.com/Turbo-Power-TwinTurbo-3800-Ceramic/dp/BO15ETW176

M. to Baben, GTT-Technologies
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An accidental experiment — and its analysis

Turbo Power TwinTurbo 38(
by Turbo Power
ot b oy 5 7 ratings

Price: $199.99 ($199.99 / Count) & FREE S
Get $50 off instantly: Pay $149.99 upon app
Item is returnable in 30 days and restocking

Air Flow: 79 m?/h.

Drying Power: 2100 Watts.
Technology: Ceramic and lonic.
Attachments: 2 Concentrator Nozzles.
Weight: 500 grams / 1.10 lbs.

Compare with similar items

2 new from $199.98

79 m3/h = 1320 |/min = 54 mol N, / min
Estimated efficiency of 1.8% = 1 mol N, / min

https://www.amazon.com/Turbo-Power-TwinTurbo-3800-Ceramic/dp/BO15ETW176
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r

43 Equilib - Reactants — >

An accidental experiment — and its analysis

Turbo Power Ty

bv Turbo P File Edit Table Units Data Search [ata Evaluation Help
y Turbo Power N ] _
SRk AA G E@ ﬂ TIC] Platm] Erergul)] Quantinimol] Yolllitre] m | B| );;(|

Price: $199.99 (s1904 1-2|

Get $50 off instantly: P3

Item is returnable in 30 Quantity(mol) Species Phase TIC) Pltotal]™ Streamit Data
180 Ha0 | =l | |

e Air Flow: 79 m?/h.

« Drying Power: 2100\ | | © [ N2 | =l | | I

¢ Technology: Ceramic

o Attachments: 2 Conc

Weight: 500 grams /

Compare with similar itg

2 new from $199.98

79 m3/h = 1320 |/min = 54 mol N, / min
Estimated efficiency of 1.8% = 1 mol N, / min

[ Inhal Conditionz

https //WWW. amazon.co m/Tu rbO- Powe r-TW| nTu rb0-3 H FactSage 7.3 Compound: | 1/2E databazes Solutior: | 0/26 databases
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https://www.amazon.com/Turbo-Power-TwinTurbo-3800-Ceramic/dp/B015ETW176

An accidental experiment — and its analysis

79 m3/h = 1320 |/min = 54 mol N, / min
Estimated efficiency of 1.8% = 1 mol N, / min

https://www.amazon.com/Turbo-Power-TwinTurbo-3

Turbo Power Ty
by Turbo Power

A A A

WWWry v 7raf

Price: $199.99 ($199.
Get $50 off instantly: P3
Item is returnable in 30

e Air Flow: 79 m?*/h.
e Drying Power: 2100
¢ Technology: Ceramic
» Attachments: 2 Conc
e Weight: 500 grams /

Compare with similar ite

2 new from $199.98

& Equilib - Menwu: last systern

File Units Parameters Help

0= =

TIC) Platm] Energel]] Quantitelmol] Walllitre]

—Reactants [2]

18gH20

v <hy M2 |

— Products
— Compound zpecies

Fgasﬁ' ideal © real 29

— Solution phazes

Base-Phasze

Full Hame

10 steps [T Table

|- AqUEnLE 0
|+- pure liquids a
|- pure zalidz 0
TpECies; ar
— Target ~ Legend
- hione - W Show ™ al 7 selected
Estimate T[K]: 1000 species: 1] Select
Cuantity(mol]: IEI golutions: 1] 4|E EE
— Final Conditions
<A <B> T(C] Platm] > ||Product HY1 ~|
1601 25 1

B0 calculations

— Customn Solutions ———
0 fived activities 2305 |

0 ideal zalutionz

—Peeudoryms —————
apply Edit .. |

—%olume data———————————————

(v ASTUME malar volumes of
zolids and liquids = 0

e include malar volurme data
and phyzical properties data

[T paraequilibrium & Gmin  edit |
Wirtual zpecies: I}
Total Species [max 50001 37

T otal Solutions [max 200] 0

Total Phazes [max 1500] 9

E quilibrium
£ normal

£ normal + transitions

" hanzitions only

" open

Calculate >>» |

FactSage 7.3 |

y

M. to Baben, GTT-Technologies
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https://www.amazon.com/Turbo-Power-TwinTurbo-3800-Ceramic/dp/B015ETW176

An accidental experiment — and its analysis

18 g H20 + <A> N2
Turbo Power T\ ?
by Turbo Power 20 . | . | r T T T

7 rat

Price: $199.99 ($199.
Get $50 off instantly: Pa
Item is returnable in 30«
Air Flow: 79 m?*/h.

Drying Power: 2100\
Technology: Ceramic

Attachments: 2 Conct
Weight: 500 grams / %

g

Compare with similar ite

2 new from $199.98

79 m3/h = 1320 |/min = 54 mol N, / min
Estimated efficiency of 1.8% - 1 mol N, / min

40 50 . 60
https://www.amazon.com/Turbo-Power-TwinTurbo-3€ Alpha

M. to Baben, GTT-Technologies 12
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An accidental experiment — and its analysis

1}

TITYIYTR YT YY

)

4. WM54V24616-10TK
OKI1I

. ‘_JA\P.AN: 9372438

13
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An accidental experiment — and its analysis

. OKx
 JAPAN 9372438

M. to Baben, GTT-Technologies

2.00

1.80 |
1.60 |
1.40 |
1.20 |
1.00 I
0.80 |
0.60 |
0.40 I

0.20 |

0.00

18 g H20 + <A> N2

LGactsye

14



An accidental experiment — and its analysis

Laptop drying

Efficiency
e
é Outputi

| Gas reflect

—> P
~_Air =0
splitter 1 é é Outputl

Gas useful
A
L'k i

Condensed

i)
é Ou il

I E Splitter 1
‘Water \ hot é _ .
Humid_air air leaving
_— |
-45 ﬁ ﬁ _).?l
Temperature (°C) PA
cold Splitter 1 é
Condensed?2 e
J
Outputl

Temperature (°C)
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An accidental experiment — and its analysis

Laptop drying

These are the two most important scenarios you need to

Efficiency look out for to set realistic gas atmosphere assumptions
e for combustion and gasification calculations!
é Outputl
r | Gas reflect
> P
__Air__ =0
splitter1 é -
i Gas useful é Outputl
Condensed
™7 A
4N -)F?ﬂ L
' u
Water hot Seid é é e
Humid_air air leaving
o |
Temperature (°C) pA
cold splitter 1 é -
- Condensed?2
22 Output1
Temperature (°C)

M. to Baben, GTT-Technologies 16



Outline

* Motivation
* An unintentional experiment

« FactSage applications
— Ash fusion experiments
— Melting and oxidation of sulfides from coal ashes
— Condensation of salts during cooling of syngas
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Qr

» Case: High-SO, containing bituminous, high ash coal (ST=1210°C)
* Approach 1.
Insert high-T ash analysis, fix p(O,)

Ash fusion

Sample Proximate analysis (as received) Ultimate analysis (daf)
FC VM A M C 0 H S N
4. Balkan 46.8 14.7 38.1 0.4 85.7 45 47 4.1 1.0
High-temperature ash analysis (815 °C) Ash-fusion test®
5104 Al-04 Fes04 CaO 504 MgO K:0 Ti0+ Nas0 S10: | DAI" ST HT FT
Al, O,
57.81 22.87 7.34 2.66 2.70 1.35 4.15 0.80 032 25 6.1 1210 1405 1425

Vassilev, Fuel 88 (2009) 235.

M. to Baben, GTT-Technologies 18
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Ash fusion

» Case: High-SO, containing bituminous, high ash coal (ST=1210°C)

« Approach 1:

TIC) Platm) Energyl)] Quantiyial Yollire] W ™
FIX p(OZ) | ~Reactants [10]

[c||lam]5?.81 5i02 v 2287 Al203 o+ 734 Fe203 0+ 2B6 Ca0 + 27 503 ¢+ 135 Mg+ 415 K20+

1 3
[
Products
Compound species Solution phazes Cuztom Solutions -
= | + | Base-Phase | Full Name - 1 fived activities Details ...
[+ gas (* ideal " real  EBE | | FTowidSLAGA | A-Slagdig all oxides + 5 U ideal solutions
[ aqueous 0 FTomid-SLAGE B-Slag-liq with 504 Pseudonyms :
* [+ pure liquids 5 FTomid-SLAG? 2-5lagig apply Edit ..
* [+ pure solids 246 | FTowid-5PIMA, A-Spinel Yolume data
. , | FToxidMeD_4 A-Monoxide & :iﬁé‘;“:nfgcl'i'a{‘i‘éz'ﬂfgﬂ of
- GUSIEm SEIEC;'SQCES: 947 | FT orid-cPurd A-Clinopyroxens include I.|.|,:,|E|':lr vu:ulu_me data
FTorid-cPurC C-Clinopyroxens and phyzical properties data
| FToxic-cPyrD D-Llinapyroxens j [ paraequilibrium & Grmin  edit
T Legend Vittual species: E51
- NOMNE - ¥ Show al  sslected ML) SISt

| - irmrnigzible 10
Estimate T(K]): 1000 +-selected 34 species: 440
. o Select
Cuantity(g]: |0 zolutions: A4

Total Species [mas 5000] 737
Total Solutions [max 200 o4
Total Phases [maw 1500 336

| r Final Conditions E quilibrium
| <y | B> | T(C] ||F'[atm] le’mductH[J] j ¢ normal  © normal + transitions
| | |200 1500 50 1 | " transitions only

| | [0 steps [ 156 caloulations | | T Calculate 33

[- recommend vou not zelect both pure liquids and malten solutions - |

I FactSage 7.3

M. to Baben, GTT-Technologies 19



Qr

» Case: High-SO, containing bituminous, high ash coal (ST=1210°C)
* Approach 1.
Fix p(O,)

Ash fusion

80

70

60 |

gram

50 |

40

30 F

20 F

10

ol V] e . e

800 900 1000 1100 1200 1300 1400 1500
T(C)

M. to Baben, GTT-Technologies 20



Qr

* Case: High-SO; containing bituminous, h|gh ash coal (ST= 1210"C)

Ash fusion

° h 1 1.00
Approac
p( 2) 0.80 SO, SO, S0,
0.60 |
>
=
B
(3]
0.40 |
0, O, 0,
0.20 F S5,
0 JM __so,
800 900 1000 1100 1200 1300 1400 1500
T(C)
IFactSage 7.3

M. to Baben, GTT-Technologies 21



Qr

» Case: High-SO, containing bituminous, high ash coal (ST=1210°C)
* Approach 1: e e s oo -
Fix p(O,)

Ash fusion

Dlg"l il TIC) Platm] Energul)) Quantitylg) Volliire) ml B| ;;r|

1-10 |
¢ ApproaCh 2 Quantity(g) Species Phase TIC] Pftotal)™ Steamit Data
5781 [sinz | | | |
Add O +N + 287 [&1203 | =] | | fi
2 2 + [7.34 |Fe203 | ~| | | [1
+ |2e6 |caD | ~| | | [1
* 27 503 | = | [1
+ [135 {Mgo | ~| | | [1
+ |418 (& | ~| | | [1
+ [o32 [naz0 | | | I [1
T T = | [ I
*+ [7.9mal [nz ~| | I [1
[~ Initial Conditions

Mext >>»

FactSage 7.3 Compound: 2/26 databazes Solution; | 1/26 databazes A

M. to Baben, GTT-Technologies 22



Qr

» Case: High-SO,; containing bituminous, high ash coal (ST— 1210°C)

Ash fusion

* Approach 1.
Fix p(Oy) 080-_
* Approach 2:
Add O,+N, ™

T(C)

M. to Baben, GTT-Technologies 23



Ash fusion

Qr

» Case: High-SO,; containing bituminous, high ash coal (ST 1210° C)

* Approach 1.

Fix p(O,)

* Approach 2:
Add O,+N,

M. to Baben, GTT-Technologies

activity

N, N, N,
0, 0, O,
5.02 SO, ! SO, 8.03 892 SO;
1100 1200 1300 1400 1500
T(C)
24



gram

Ash fusion

100 ! I ' I ' I ' I ' 1 T 1

100 T 1 T I T 1 T 1 T 1 T I
0 p(O,) =0.21 bar +2.1 mol O,
80 | | 00F +79 mol N2 T
70 | -
60 L | 060 -
50 | i
40 | J 040 -
30 F i
20 | \ i 020 i

| Feld#1 Mull#1 Feld#1

X Corg T ‘ll Lijze

10 eoRUFL ] - LORU#1

s GA GAS / J

0 -/ \ -, |>'< g N 1 N e e, 1 i 0 1 iy
800 900 1000 1100 1200 1300 1400 1500 800 900 1000 1100 1200 1300 1400 1500
T(C) T(C)
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Ash fusion

Qr

» Case: High-SO, containing bituminous, high ash coal (ST=1210°C)

* Approach 1.
Fix p(O,)
* Approach 2:
Add O,+N,
* Approach 3:
Fix p(O,), omit SO,

M. to Baben, GTT-Technologies

Laptop drying

Efficiency
e
— - SO
A Gas reflect
K 3
Air pal =
Separate volatile = | —sex
from condensed 7
'Ll PsS =
i itter 1 = Qutputl
Water. hot Spl ,_T)- F|X p(oz) mg tpu
il
Temperature (°C) PN
cold Splitter q e
Condensed?2 i

26




gram

Ash fusion

100 ' I ' I ' I ' I ' I ' I ' 100 ! 1 T 1 T 1 T 1 T T T T
SLAGA#1
SO, removed +2.1 mol O,
080 p(O,) = 0.21 bar %0 +7.9 mol N, y
060 1 260 -
Feld#1
040 F 1 240 -
020 4 220 F 4
Mulk#1
Cord :
/\ CORYH# CORUH S
0 / \ SLAGA#1 \ . . _CRRUAL : 0 . , , , , .
800 900 1000 1100 1200 1300 1400 1500 800 900 1000 1100 1200 1300 1400 1500
T(C) T(C)
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Outline

* Motivation
* An unintentional experiment

« FactSage applications
— Ash fusion experiments
— Melting and oxidation of sulfides from coal ashes
— Condensation of salts during cooling of syngas
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Melting and oxidation of sulfides from coal ashes

M. to Baben, GTT-Technologies

| i
Crossover pass -
o i S theater Rehpater E
= Superfeater > PPN EAEE i a
E |
1 15t | 7
[ 1er Sl.perhed-:-'f;
Reheater ]
Furnace U
£ AA(Adstional Air)
| % OF A(OverTire ir] !
1 : - Sea il Lean'Rich Coal
+ +=# Group E Bumer Set Bugper Bt
: - =+ Group I Burner Set BT u
Combustion | Ul roup T SHMET S eaniHich Coal | £ront Wail -
Zone . F—w Group ( Bamer Set Bulrner -
1 1 Group B Bumer Set =
4 = Group A Burner Set 1 = F s g g
= . = | 8@
S 1664 Sl g
— ._ = L5 ]
= 1 | i ‘-_.:
F ' - ~ J =
< A -
) [l {
= §’ o g -
i & &
i B From Wall
Lean/Rich Coal Secofary Ar  LeanRich Cos
Burner Burner Burner

(b) (c)

Sun et al., Adv. In Mech. Engin. 8 (2016) 1.
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Melting and oxidation of sulfides from coal ashes

Laptop drying

Effcienoy additional air 5 oot st

e
Separate air available for G—) Output
- - i as reflect
reaction from air not available

Splitter 1 é
Gas useful )\< 1

I'E) peS

-

hot

Temperature (°C)

Water Spltter1 .

M. to Baben, GTT-Technologies

| ¥
||| Crossever pass v
@
'
; | —
1 Superheator
Reheater |
.
Furnace e
5 AAfAdstional Aird
1 ® OF A{Overfire Aur] S
= Secondary Air "
1 E(mnr;'- E Bumer Set Bugper LBEnBF':: Coal
- - =8 G DB 5 .- ¥ e
Combustion . roup 1 et S| eanFich Coal | Fronf TWall
Zane Elumqn' Fazrmer Set Buimer -
; [ H Group B Bumer Set =
, =5 Group A Burner Set | = q T ‘E %
= ac = | g@
3 / 186G S é}?
] 3 | Y :
27 DA N %
E-— -
] E : -2 ;
s
L r,x l||"'r.'.'lrl' I '...l.'.nr
Lean/Rich Coal SE‘:DfEal"p Ar LeanRich Coe
Burner Burner Burner
(b) (c)

Sun et al., Adv. In Mech. Engin. 8 (2016) 1.
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Melting and oxidation of sulfides from coal ashes

47 Equilib - Reactants — x ( | T
Eile Edit Table Units DataSearch Data Evaluation Help o Cro! V:prﬁ'w o
=||/||Platen ! = - tn
Dz +] TIED Pl B @oe iffie] Sl [k S b stpetheate: Reheate @
| - 'J e e —
1-10 | 11-13] o =
I | ALLLLILL) =R .:
E—g[;ﬁ-%.nrhﬂﬂ:
Quantity[g] Species Phase TIC) Pltotal]™ StreamBt Data [ I " ) ' ]
57.a1 5i02 - 1
| E | o [ e ||
+ |22.87 I."-".|2D3 I ;I I I I-I , = AAiAditional Aird
* |73 Fe203 hd 1
I I i I _I I I I = ® OF A(OverTire A} —
* |2EE Cal > 1 = i
) | | | =l | | RS S 5%” Lean'Rich Coal
IU ISD3 I ﬂ I I |1 Couduniion &———+—H Group D ll!.mrSﬂLeamF S Coel Eront Wall . Burner
. :_::I:E[imp('ﬂlmmﬁﬁ h -
* 135 Mg0 | =] | 1 Zona e it T .- S8
+ [415 k20 | ~| | | [1 ===+ —H Group A Burner Set ;_ k. “—‘—%"‘%S
] / 1660 g
+ [032 [Na20 | = | [ fi I & { :jr -
*fedns N2 | =] | | [1 2 |- e ,,,I =
- E‘ = v
' ® F | O S
[ Initial Conditions ! | 3 I From Wall ]
Lean/Rich Coal Secorary Ar Lean/Rich Coz
Burner Burner Burnes
(b) (c)

FactSage 7.3 Compound: | 3/26 databazes Solution: | 2426 databazes 2

Sun et al., Adv. In Mech. Engin. 8 (2016) 1.
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Melting and oxidation of sulfides from coal ashes

{? Equilik - Reactants

D@ +| =

Eile Edit Table Units DataSearch Data Evaluation Help
TIC] Platm] Energyl)] Quantitu(g) *olllire)

il E w4k

1-10 | 11-13]
Quantity(g) Pltotal]” Streamlt Data

[57.81 [sio2 | |
+ 287 4203 | | [1
M X |Fe203 | | [1
*+ |2e6 [ca0 | | [1
+ o [s03 | | [1
* 135 [MaD | | [1
* 415 k20 | | [1
+ o3z [Na20 | | [1
+ faans N2 | | [1
+ e [o2 | | [1

[ Initial Conditions

activity

FactSage 7.3

Compound:

/26 databazes

Solution: | 2/26 databazes

M. to Baben, GTT-Technologies
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Melting and oxidation of sulfides from coal ashes

G Equilib - Menu: last systemn — x
File Units Parameters Help
O 2| - d TIC] Platm) Energul)] Quantitwg] Yolllitre] "' B B
Heactants [13]
| [qram] 57.81 5i02 + Z2BT AIO3 o+ V3 Fe203 0+ ZEECA0 o+ 0503 + 135 Mad o+ 415 KZ20 o+
4 3
Products
Compound species Solution phases Custom Solutions
= | + | Baze-Phaze | Full Hame - 0 fixed activities
[+ gas (¥ ideal (" real 179 FTmizc-Feli Fe-lig 0 ideal solutions
[ agueous 1] FTmisc-taTT Matte Pzeudoryms -
[ pure liquids 0 + | FTmisc-Fe5_ FeS-lig apply [ Edit...
* [+ pure solids 390 FTrnige-MAT 24 A-LiglM atte/Metal] “olume data
o sel FTmisc-PYRRA A-Pyrtholite Gy e T )
custom 5 ECSISQCiES: 559 FTmizc-BCCS boo ¢~ inelude molar valume data
FTmizc-FCCS foo and physzical properties data
FTmiscMS-c MeS_cubic x|
T t [ paraequilibriurm & Grin  edi
arge L d : [
- nong - I-lailg'lner:iscible g W Show & all " selected Vitual species: 57

Estimate T(K): (1000
Cluantity(g): |0

Final Conditions

+-gelected 35 -
species: 333
solgtions: 53 %

Lo | e | TE [Paml = ||Product HiN) ~|

|300 | [soo0100050 | |

0 steps [T
FactSage 7.3

Total Species [max 5000] 962
Total Solutions [max 200] 53
Total Phases [max 1500] 444

E quilibrium

* narmal " nomal + transitions

" transitions anly

Calculate »>>

" open
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Melting and oxidation of sulfides from coal ashes

800 800

700

200 600 1000

T(C)
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* Motivation
* An unintentional experiment

« FactSage applications
— Ash fusion experiments
— Melting and oxidation of sulfides from coal ashes
— Condensation of salts during cooling of syngas
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

¥ Ash Properties

¥ Ash composition

505 wi% (ash) 4,24
Cl with (ash) .34
F,0z wi% (ash) 5.14
50, wi¥ (ash) 0.93
Fea 05 wit¥ (ash) 1.34
Al,O5 wi¥ (ash) 10.42
Cal with (ash) 26.61
Mgl wit® (ash) B.22
Ma, 0 wi¥ (ash) 0.00
K.0 wi¥ (ash) 40.34
Ti0. wi¥ (ash) 0.03
Cu mg/ke (aszh) 799.0
Mn mg/ kg (azh) 1317.0
Cr mg/kg (ash) 1 026.0

https://phyllis.nl/Biomass/View/2875
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

1 s 43 Equilib - Reactants — bt
¥ Ash Properties File Edit Table Units DataSearch DataEvaluation Help
Qlil il TIC] Flatm] Energyil] Buantitlg) Yolfire] M
¥ Ash composition e
505 wik (ash) 4.24
Cl with {ash) 1.34 Quantity(g) Species Phase T(C) PltotalF™ Stream# Data
F.0- wi¥ (ash) 5.14 |4 |s03 | =] | | 1
510, with (ash) .98 * |2 5] | | | [ [1
Fe.0- wit¥ (ash) 1.34 * s |P205 | =l | 1
AlLO4 wt¥ (ash) 10.42 + [sin2 | =l | 1
Cal wit# (ash) 26.61 + 1o |20 | = | [
Mg0 wih (ash) 6.22 + |z |caD | | | | 1
Ma, 0 wi (ash) 0.00 + g [MaD | | | [ [1
k-0 with (ash) 40,34 + [40 [kzo | | | [ 1
Tid, wik (ash) 0.03 + 2 |Zn0 | | | | 1
Cu mg/ kg (ash) 799.0
Mn mg/ kg (azh) 1317.0
cr me/ke (ash) 1026.0 [ Initial Conditions

https ://p hyl I |S . n I/B | Om aSS/Vl eW/2875 Fact5age 7.3 Compound: | 3/26 databases Solution: lm A
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

47 Equilib - Reactants - *
TABLE 1 | Typical Composition of Dry Gas During the Oxygen and File Edit Toble Units DotoSearch Dats Evalustion Help
Steam Gasification of Biomass Qlil il TIC) Platmi Energyld] Quantitvig] Vollitre) M
Oxygen Oxygen -
Gasification  Gasification
(Entrained  (Fluidized Steam Quantity(g) Species Phase TIC) Pltotal™ Streamt Data
Compound Flow) Bed) Gasification [+ 503 | = | I
CO {vol %) 40-60 20-30 20-25 * 2 [ | =l | | I
COz (vol %) 10-15 25-40 20-25 e |P205 | =l | I
Ha (vol %) 15-20 20-30 30-45 * Jsin2 ! =l ! I
CH; (vol %) 0-1 5-10 6-12 + o Jaiz03 ! =l ! I
N, (vol %) 0-1 0-1 0-1 7 [ca0 | = | | f
LHV (MI/Nm?) 1012 1012 10-14 ) :in ::290” : j : : :1
Tar content (g/Nm?) =0.1 1-20 1-10 ‘R o | =1 | i
I Initial Conditions

FactSage 7.3 Compound: | 3726 databases Solutior: | 2426 databaszes A

Rauch et al., WIREs Energy Environ 2013. doi: 10.1002/wene.97
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

{3 Equilib - Reactants - *
TABLE 1 | Typical Composition of Dry Gas During the Oxygen and File Edit Toble Units DatoSearch Data Evelustion Help
Steam Gasification of Biomass E|E,.| iI T(C) Platm) Energyll] Quantivig) Vollire] M
Oxygen Oxygen 1-10 11-14
Gasification  Gasification
(Entrained  (Fluidized Steam Quantity(g) Species Phase T(C) Pltotal= Stream# Data
Compound Flow) Bed) Gasification *+ |22 mal fco | | | |
CO (vol %) 40-60 20-30 20-25 * 22 mal |co2 | =l | 1
CO; (vol %) 10-15 25-40 20-25 * J0mal Hz | =] | [ [
Hy (vol %) 15-20 20-30 30-45 * [gmo ICH4 ! Iy ! I
CH; (vol %) 0-1 5-10 612
N3z (vol %) 0-1 0-1 0-1
LHV (MJ/Nm?) 10-12 10-12 10-14
Tar content (g/Nm?) =0.1 1-20 1-10

[~ Initial Conditions

FactSage 7.3 Compound: | 3/26 databaszes Solution: | 2/26 databases v

Rauch et al., WIREs Energy Environ 2013. doi: 10.1002/wene.97

M. to Baben, GTT-Technologies 39



Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

{3 Data Search X
TABLE 1 | T],l'FIIiCEI' Cnmpusitinn of Dr;r Gas During the DI],I'QEI'I and Databases - 2/26 compound databases, 1/26 solution databases
Steam Gasification of Biomass Gact SGTE | ccrpound: only Private Databases
FactPs [] O eins salutionz only [OExaM []SGTEa [] SGTEb
Oxygen Oxygen FTosid [J O] SGPs no database
Gasification ~ Gasification H Frsat E H e e
(Entrained  (Fluidized Steam E EPEII?:II!:N
Compound Flow) Bed) Gasification O] FTtitz Other  saumemeba|
O Frhely [1ELEM  [] SGnobl
CO (vol %) 40-60 20-30 20-25 O FTpulp [ FTdemo H ?I['-;MCB: RefreshD atabases
C0; (vol %) 10-15 25-40 20-25 O Ftie O] FTauet O] Tom
Ha (vol %) 15=20 20-30 30-45 Information -
CHy (vol %) 0-1 510 6-12
My (vol %) 01 0-1 0-1
LHVIMJFNmH 10-12 10-12 10-14
Tar content (g/Nm?) =0.1 1-20 1-10

Options - search for product species
Include compounds Lirnits

] gaseous ions [plasmas] Organic species CxHy..., X[max] = |2_
Diefaul [ aqueous species . )
Mirimum solution components: O 1 () 2 cpts

[ limited data compounds [25C)

Rauch et al., WIREs Energy Environ 2013. doi: 10.1002/wene.97
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

4§ Equilib - Results 800 C
Output  Edit Show Pages
Save or Print
Plot
Equilib Results file
Streamn File

Format
Fact-XML

Fact-Optirmal

Final Conditions
» TIC] Platm] Energyl)] Quantitylg] Yolllitre]
b

- O X

(S| o

»

0.8l secs
> Recycle all streams ... |

» Save stream file »

Strearmn file properties ...

Surmmary of streams ¥

Directory (C\FactSagei3y] ...

FactSage 7.3 A

Save gas phase ...
Save pure liquids ...
Save aqueous ..

Save pure solids ...

Fact-Function-Builder b == =T Save solutions >
1._0000E400
Refresh ... 1.0000E4+01
2_7000E+01
Swap loops ... £.0000E+00
E2Z0 4 _0000E+01
Zno 2 _0000E+00
co 0 _0000E+00
co €.1822E+02
ooz S_€8Z1E+02
HZ 8_0635E+01
CH4 1.2834E+02
EQUIL AMOUNT MOLE FRACTION FUZACITY
PHRSE: gas_ideal mol atm
HZ 4.22152+01 4.512€E-01 4.518€2-01
co 4.4012E+01 4.1244E-01 4.12442-01
ooz T.017€E+00 €.57€3E-02 €_5T€E3E-02
H2O T.0011E+400 &_5€608E-02 €_5€08E-02
CH4 3.7542E-01 3.555€E-03 3.555€E-03
ECl 3_7€51E-02 3.5283E-04 3_.5283E-04
Zn 2 _3355E-02 2.1524E-04 2_.1524E-04
{EC1)2 9 _3655E-03 8_7T7TE€SE-05 8_T77€9E-05
H2s 7.8517E-03 T.38953E-05 7.3553E-05
EOH 3.4485%E-03 3.2320E-05 3_.23Z20E-05
E T7.1118E-04 €.6E45E-0¢€ £.6E45E-0¢€
<

G Equilib - Reactants

— >

Eile Edit TJable Units DataSearch Data Evaluation Help
|j,|g,“‘| ll TIC) Platm] Energyl] Quantity(g) Vollitre) ml !| y|
1-1]
Huantity[g]) Species Phasze TIC] Pltotalj™ Streami#t Data
|‘|I:|I:|f’4 I[HazelnutGaSificati-LI | | | |1

[ Initial Conditions

Solution: | 1/26 databazes

FactSage 7.3 Compound: 2/26 databazes
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification

* Here: One equilibrium calculation

« Better: “"Scheil cooling” from the
gas phase, see Abascal et al.,
Ind. Eng. Chem. Res. 55 (2016)

6911.

M. to Baben, GTT-Technologies
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Condensation of salts during cooling of syngas

« Case: Hazelnut shells in steam gasification
* Here: One equilibrium calculation

« Better: “Schell cooling” from the =, b
gas phase, see Abascal et al., i N 2
Ind. Eng. Chem. Res. 55 (2016) oo =
IE) hot e é m e
6911. =l
o Condensed2 :;u
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Outline

* Motivation
* An unintentional experiment

« FactSage applications
— Ash fusion experiments
— Melting and oxidation of sulfides from coal ashes
— Condensation of salts during cooling of syngas

M. to Baben, GTT-Technologies 44



Thank you for your attention!

(no animals have been harmed during the preparation of this talk,
but one laptop has suffered...)

Thermodynamic Software Consulting Services

Thermodynamic Databases




