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Motivation

* Rising utilization of coal and biomass in a chemical instead of a pure
energetic way
Higher carbon conversion in entrained flow gasification, but liquid slag

« Environmentally friendly and cheap substitutions of widely used

refractories from Cr,O4
Deeper insight into present corrosion mechanisms by means of

thermochemical calculations
Perspective prediction of corrosion resistance prior to refractory

development
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Ash and refractory materials
Component Acidic Ash Intermediate Basic Ash Main Mineral Phases
(wt.%) (AA) Ash (IA) (BA)
Sectlial @ 43 _ AR78 AB 1500 60 wt.% spinel (MgAl,QO,),
40 wt.% corundum (Al,O,)
CO, : 2.2 9.9
— L O 03 AR78 MAC 1450 64 wt.% spinel (MgAl,0,),
MgO 5.2 3.8 5.6 30 wt.% corundum (Al,Oy),
ALO, 18.4 2.4 8.1 6 wt.% hibonite (CaAl;,0,)
210 202 =2 225 A, (Bonite) 86 Wt.% hibonite (CaAl;,0,o),
P05 0.3 01 2.3 8 wt.% corundum (Al,O,),
SO, 5.1 6.5 2.4 5 wt.% grossite (CaAl,0O)
Cl 0.1 0.1 0.4
TTA1650 97.5 wt.% corundum (Al,O,),
K,0 3.4 0.2 6.7 2.5 wt.% titania (TiO,)
CaO 9.4 27.0 27.9
TiO, 0.9 0.2 0.5
Fe,O, 7.2 111 8.0
BaO 0.1 0.3 0.2
Sum 99.7 99.8 94.8
DT /°C 1094 1260 1160
ST/°C 1157 1280 1210
HT /°C 1192 1289 1214
FT/°C 1304 1300 1246
B/A 0.52 0.94 1.58
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Experimental details

300 mly/min
« TOM-AC tests 5vol.% H, + Exhaust
_ _ 95 vol.% A as
* Ash cylinder: 4 g, 15 mm diameter, — ’
ca. 10 mm height; refractory disc: /\

50 mm diameter, ca. 10 mm height v

» Heat up rate: 20 K/min (up to 800 °C),
10 K/min (800-1450 °C)

[ec,

* Reducing atmosphere: 5 vol.% H, in Ar,

300 mly/min

» Slow cool down to room temperature
(2-3 h)

« SEM/EDX analysis of sample sections

[\

TU Bergakademie Freiberg - Institute of Energy Process Engineering and Chemical Engineering - Chair of Energy Process Engineering and Thermal Waste
Treatment - Reiche Zeche - Fuchsmuehlenweg 9 - 09599 Freiberg, Germany - Phone: +49 3731 39-4511 - Fax: +49 3731 39-4555 - www.iec.tu-freiberg.de



O

> ;ﬁ Z Materials and methods
e g
Experimental details Calculation details
« TOM-AC tests + FactSage™ (version 6.3.1)
* Ash cylinder: 4 g, 15 mm diameter, « Data bases: FToxid, FTmisc, FTsalt,
ca. 10 mm height; refractory disc: and FactPS

50 mm diameter, ca. 10 mm height
« Solution species: ASlag, ASpinel,
» Heat up rate: 20 K/min (up to 800 °C), Fe-lig, Mullite
10 K/min (800-1450 °C)
* Input data: ash composition (XRF),
* Reducing atmosphere: 5 vol.% H, in Ar, composition of refractory (provided
300 mly/min by developer / company), reducing
atmosphere (H,, Ar)
» Slow cool down to room temperature
(2-3 h) * Operation temperature: 1450 °C,
determination of mineral phases:
« SEM/EDX analysis of sample sections 800 °C

» Multi-step modeling approach

TU Bergakademie Freiberg - Institute of Energy Process Engineering and Chemical Engineering - Chair of Energy Process Engineering and Thermal Waste
Treatment - Reiche Zeche - Fuchsmuehlenweg 9 - 09599 Freiberg, Germany - Phone: +49 3731 39-4511 - Fax: +49 3731 39-4555 - www.iec.tu-freiberg.de




Step O:
Step 1
8 Step 2
o
O
()
S
'5 Step 3:
-
RS,
E Step 4:
S
=
4=
= Step 5
= ep 5:
00 P
QO
wm
Step 6:
Step 7:

1450 °C
Ash + Hy/Ar » Slag(0) + Solid + Gas
(100 g) (2000 g) -
-~ i st
1450°C " :Analy5|si
e 1
5 1450 °C 800 °C !
Refract + Slag(0) + Ha/Ar > Slag(1) + Solid + Gas b Solid(1)}+ Others
(100g)  (100g)  (500g) o I ]
_____ I
1450°C __.-=="" : 1
————— I !
o 1450 °C goo°c I H
Refract + Slag(1) > Slag(2) + Solid ! Solid(2)=+ Others
(150g)  (100g) - ! I
_____ T
1450°C __.-==""" E ]
=" I 1
1450 °C 800 °C I
Refract + Slag(2) Slag(3) + Solid L1 Solid(3)i+ Others
(200g)  (100¢) s H I
———— I H
1450°C ___-==""" ' i
— ! !
Refract + Slag(3) 1450°C . s~ ! ann
Goog  (1008) “S‘Iiag(4) + Solid : Sol|d(4)=+ Others
————— ]
1450°C__-==""" i ]
=TTR 1450 °C gooc ! |
Refract + Slag(4) -+ Slag(5) + Solid —— Solid(5)=+ Others
(400g) (100 ¢) - i I
————— I ]
1450°C __.--=""" : |
..... I l
Sl 1450 °C 800 °C I
Refract + Slag(5) > Slag(6) + Solid P Solid(6)!+ Others
(500g)  (100¢g) - I )
1450°C___="" ! |
————— I !
Refract + Slag(6) 1450°C . gooc 1 F
(600g)  (100g) » Slag(7) + Solid [ SO|ld(7)=+ Others

TU Bergakademie Freiberg - Institute of Energy Process Engineering and Chemical Engineering - Chair of Energy Process Engineering and Thermal Waste
Treatment - Reiche Zeche - Fuchsmuehlenweg 9 - 09599 Freiberg, Germany - Phone: +49 3731 39-4511 - Fax: +49 3731 39-4555 - www.iec.tu-freiberg.de




QAK,q

S
X,

p
2 Results and discussion
A@[:JBE%

O&
=
m

Acidic Ash + AR78 AB 1500

Color bar and

coRcantrEtoR Estimated Stoichiometric Similar FactSage™ Steps Steps
(K basedonpiEls) phases mineral phases phases (>10 wt.%) (<10 wt.%)
12 Si/Al/Ca/O/Mg/K  Slag A-slag 1-3 4-7
)a MgAl,04 + A-spinel 6;7 5
8 Al/Mg/Si/O/Ca
CaAIzSi203 CaAIzSi203 (anorthite) 1 2; 3
Mg4AI105i2023 + Mg4A|1oSi2023 (sapphirine) 1-7
18 Al/O/Mg/Si
Al,O3 Al,03 (corundum) 3-7 2
Al,O3 + Al,03 (corundum) 3-7 2
16 Al/O/Mg
MgAl,04 A-spinel 6;7 5
. 45 Al/Mg/O MgAl,04 A-spinel 6;7 5
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Results and discussion

Intermediate Ash + AR78 AB 1500

Color bar and

CoRCRRETEHER Estimated Stoichiometric Similar FactSage™ Steps Steps
(% based on pixels) phases mineral phases phases (>10 wt.%) (<10 wt.%)
MgAl,04 + A-spinel 1;2 3;4;6;,7
17 Al/Ca/Si/O/Mg
CaAl,SiOg CaAl;Si,0g (anorthite) 1-3 4;5
7 Al/Ca/Si/O/Mg  CaAl,SiOs CaAl,Si,0g (anorthite) 1-3 4;5
Mg4A|105i2023 + Mg4A|105i2023 (sapphirine) 3-7 2
no krotite calculatet
20 Al/Mg/0O/Ca/Si
CaAl,04 Al>03 (corundum) 4-7 3
CaMg>Al16027 (CAM 1) 2-7
30 Al/Mg/O MgAI,04 A-spinel 152 3;4;6;7
Al,O3 + Al,03 (corundum) 4-7 3
5 Al/O/Ca/Si/Mg CaMgSi>Og (diopside) 1
CazMgSi203
CaAl,Si>0sg (anorthite) 1-3 4;5
19 Al/O Al O3 Al;03 (corundum) 4-7 3
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Results and discussion

Basic Ash + AR78 AB 1500

Color bar and

g Estimated Stoichiometric Similar FactSage™ Steps Steps
concentration hases mineral phases phases (>10 wt.%) (<10 wt.%)
(% based on pixels) P P P B S

Ca,Al,Si0; + Ca,Al,SiO; (gehlenite) 1 2
B Al/Ca/Si/O
Slag A-slag 1-7
MgAl,O4 + A-spinel 1-3 4;6;7
4 Al/O/Mg/Ca/Si  CaAl,SiOg + CasAl,Si3012 (grossularite) 2 1;3
Al,O3 Al;O3 (corundum) 5-7
AlLOs + Al,O3 (corundum) 5-7
22 Al/O/Mg
MgAl;0,4 A-spinel 1-3 4;6;7
26 Al/O Al20; Al;O3 (corundum) 5-7
41 Al/Mg/O MgAl,0, A-spinel 1-3 4;6;7
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Results and discussion

Basic Ash + AR78 MAC 1450

Color bar and

cshcantiation Estimated Stoichiometric Similar FactSage™ Steps Steps
H ()
(% based on pixels) phases mineral phases phases (>10 wt.%) (<10 wt.%)
3 Al/Si/Ca/O/K/Mg  Slag A-slag 1-7
6 Ca/Al/Si/O Ca,Al,SiO; Ca,Al,SiOy (gehlenite) 1 2
Ca,Al,Si0; + Ca,Al,SiO; (gehlenite) 1 2
. 5 Al/Ca/0/Si/Mg
. MgAl,0, A-spinel 1-4 6;7
- 2 MgAl,O4 + A-spinel 1-4 6;7
—=nny 5 Al/O/Mg/Si/Ca
CaSiOs CazAl,Si30;; (grossularite) 1-3
CazAl,Si0; + Ca,Al,Si0; (gehlenite) 1 2
MgAl, 04 + A-spinel 1-4 6;7
8 Al/O/Mg/Ca/Si
Al;03 (corundum) 7 6
Al,03
CaMg,Al;16027 (CAM 1) 2-7
23 Al/Mg/O MgAl,04 A-spinel 1-4 6;7
MgAl,04 + A-spinel 1-4 6;7
13 Al/O/Mg
Al,O3 Al;03 (corundum) 7 6
35 Al/O Al, 03 Al,03 (corundum) 7 6
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Basic Ash + CA; (Bonite)

Color bar and

: Estimated Stoichiometric Similar FactSage™ Steps Steps
CONCERtRLON hases mineral phases hases (>10 wt.%) (<10 wt.%)
(% based on pixels) P P P e 2

Slag + A-slag 0 1-7

3 Al/Ca/Si/O

Ca,Al,Si0; Ca»Al»Si0y (gehlenite) 1-7
: CayAl,Si0y + Ca,Al;Si0y (gehlenite) 1-7
2 Al/O/Si/Ca/Mg/K A-spinel 1 2-7
MgA]204
CaMngI15027 (CAM ') 1
4 Al/Ca/0/Si CaAl;0,4 no krotite calculated
13 Al/Ca/O CaAl;0; no grossite calculated
8 Al/Ca/0/Si CaAl,0; no grossite calculated
68 Al/O/Ca CaAl;1;019 CaAl1,015 (hibonite) 4-7
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Basic Ash + TTA1650

Color bar and

poiomall . ok Estimated Stoichiometric Similar FactSage™ Steps Steps
i 0,

(% bidsedon piNes) phases mineral phases phases (>10wt.%) (<10 wt.%)
2 Si/Al/Ca/O/K Slag A-slag 0 1-7
4 Ca/Al/Si/O Ca,Al,Sio, Ca,Al,SiO, (gehlenite) 1;2 3

MgAl, 0, + CaMg,Al,0,, (CAM ) + 1
2 Al/O/Ca/Si/Mg
CaAl,SiO, CaAl,Si, 0 (anorthite) 2-4 1;5-7
CaAl,Sio, + CaAl,Si,0Og4 (anorthite) 2-4 1;5-7
3 Al/O/Ca/K/si
K-rich Al,O, AlLO; (corundum) 2-7
K-rich Al,O, AlLO; (corundum) 2-7
9 Al/O/K/Ti
Tio, TiO, (rutile) 4-7
68 Al/O AlL,0, Al, O, (corundum) 2-7
AlLO, + AlLLO, (corundum) 2-7
3 Al/Ti/O
TiO, TiO, (rutile) 4-7
Al O, + Al, O, (corundum) 2-7
2 Al/O/Ti
Tio, TiO, (rutile) 4-7
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Results and discussion
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Measured infiltration depth vs. calculation steps

Spinel-based Alumina-based
refractories refractory
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Measured infiltration depth vs. calculation steps
Basic Ash + AR78 AB 1500 Basic Ash + TTA1650
60 100
r—‘/\ ”
50 50
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;\a 0 \ :\o\ 70 —#—Ca2Mg2AI28046_solid
5 == Spinel#1 E —8— CaAl2Si208_anorthite
%’ \ —#—Ca2Al25i07_gehlenite = 60 / —#— CaTiO3_perovskite-a
% 30 —<—(a3Al25i3012 grossularite % 50 - CazAlzsi07_gehlenite
o . . (@] ——(CaMg2Al16027_solid
£ == Mg4Al105i2023_sapphirine c 10 o /
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10 V. 20
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Summary and outlook

« FactSage™ has calculated mineral phases with similar stoichiometric
composition found in SEM/EDX, best agreement for matrix infiltration

 Reconstruction of mineral matter
transformations for reactions
between slag and refractory

« Decent hints towards the slag
infiltration pathways

« Qualitative relationship for slag
infiltration depth

« Quantitative prediction of
corrosion resistance in the future
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