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* Program Goals - New gasification system being designed, such as the Advanced Reaction
System under study by NETL, will require accurate process and feedstock control over a wide
range of temperatures and for a variety of different carbon feedstock materials. In these
gasification systems, the potential for agglomeration, fouling, or slag formation is not known.
This study evaluates ways to determine those tendencies, with the goal of eliminating or
minimizing those issues.

 Talk QOutline

Carbon feedstock (coal, petcoke, biomass) — ash issues
Carbon feedstock thermal breakdown

Examples of agglomeration/fouling/slag
Equipment used to evaluate carbon feedstock properties

Laboratory tests: 1) high temperature thermogravimetric analysis, 2) viscosity, 3) ash fusion, 4)
high temperature confocal scanning laser microscopy, 5) thermodynamic modeling

Conclusions
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Carbon Feedstock Material Ash Chemistry N=|NATioNAL
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Chemistry Coal type [1] Petcoke [1] | Biomass-Douglas Fir [1]
(wt pct oxides) Eastern Western Powder River | Avg (Max-Min) Avg (Max-Min)
Avg (Max-Min) | Avg (Max-Min) | Avg (Max-Min)
AlO, 25.2 (45 - 2.2) 19.4 (41-1.7) 15 (28 —-5.9) 53(35-1.0) 2.8
CaO 2.4 (25-0.1) 8.8 (44-0.1) 15 (36 — 1.0) 6.4 (11 —Tr) 37
Fe,O, 20 (77 - 0.3) 10 (66 — 0.6) 8.1(38—-1.1) 29 (67 — 10) 4.2
K,O 2.0(7- 0.1) 0.9 (6.7—Tr) 0.8(3.5-0.1) 17
Na,O 0.4 (4.7 -Tr) 1.6 (14.2-Tr) 3.4 (14 -Tr) 6.7 (18 — 3.5) 3.2
SiO, 45 (84 - 8.0) 46 (88 — 7.9) 36 (70 —-7.9) 8.9 (12-5) 12.3
MgO 0.9 (12-Tr) 2.2 (14 —Tr) 4.2 (14 —Tr) 5.9
MnO Tr (1.4 —Tr) 0.1 (1.5-Tr) 0.1(0.3-Tr)
TiO, 1.3(5.2—-Tr) 1.0 (6.1 —Tr) 1.0 (2.2-0.2) 0.1
P,O: 04 (5.2-Tr) 0.8 (10.3-Tr) 0.9(4.3-Tr) 1.9
SO, 2.7 (26 —Tr) 8.9 (38—Tr) 15.4 (38 —Tr) 11.2
NiO 20 (38 — 11)
V,0¢ 49 (75 - 27)




Possible Coal Ash Mineral - Properties
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Mineral Chemical Composition Decomposition Melting Temperature
Temperature
Kaolinite clay Al,0;-2S10,-2H,0 550-900°C 1545°C (reported
Dehydration varies temperatures vary)
Muscovite K,0-3Al,0;-6S10,-2H,0 | 400-over 600°C varies | Composition dependent
Quartz SO, -- 1723°C (defined by
VISCosity)
Carbonites — Calcite CaCO, 899°C --
Dolomite CaCO;-MgCO, 720-760°C --
Sulfides - Pyrite Fe,S -- 1171°C
Gypsum CaS0O,-2H,0 128°C (dehydrates) --
Phosphates - Apatite Ca;F(PO,), Structure breakdown --
ranges from 250-700°C
Chlorides - Halite NaCl -- 801°C

U.S. DEPARTMENT OF




Thermal Breakdown of Coal and Petcoke - Stages N = |NATiONAL
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* Drying: absorbed water — typically removed by 100°C

 Devolatilization: hydrocarbon removal — typically occurs between 350-800°C;
dependent on particle size, heating rate, and temperature; occurs faster in smaller
particles; produces tar, CO, CO,, H,, H,O, and CN

* Pyrolysis: occurs between 800-900°C, forms a high purity carbon called char;
minerals and or may not remain in carbon

 Gasification: occurs at elevated temperature — 800-1100°C for chemical looping;
1325-1550°C for slagging gasifiers. In single state reaction chamber, produces CO,
H,, CO,, H,0, gas byproducts, and molten slag
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Examples of Agglomeration, Fouling, and Slag =
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Equipment Used to Evaluate Ash Behavior NATIONAL
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High Temperature TGA Viscosity Ash Fusion

NOTE: Agglomeration, fouling, or slag issues can be caused by the carbon feedstock,
hydrocarbon evolution, volatile ash components, melting of different mineral components,
particle size, interactions between different components, and/or melting of the ash.
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Confocal microscope
system with furnaces
circled in red.

Confocal Microscope System 1900°C Fmace

Confocal Laser Scanning Microscope — Operates at temperatures up to 1900°C
in vacuum, air, or controlled gases (He, Ar, CO, CO,, 96%N,/4%,H,, and He).
Samples can be heated/cooled to temperatures in approximately 1 minute. 1200°C Furnace

U.S. DEPARTMENT OF




aboratory Tests - High Temperature TGA
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Weight losses for 100
microgram samples of
minus 100 US mesh
bituminous coal, petcoke,
and southern pine exposed
to an 82 vol pct CO/18 vol
pct CO, gas environment.
Samples were heated at
10°C/min to 800°C where
they were held for 2 hours,
then cooled.




Laboratory Tests — Viscosity (ASTM C965) — [NATioNAL
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An illustration showing how rapid versus slow

Viscosity curve of a synthetic eastern coal ash changes in temperature/viscosity relationships
measured in a furnace atmosphere of 60 vol pct impact the working temperature range of a slag’s
CO/40 vol pct CO,. T250 and T100 values.
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Laboratory Tests - Ash Fusion (ASTM D1857)

1046°C

Start of fusion

| 1284°C

Initial ash deformation

Hemispherical temp.
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Laboratory Tests - Ash Fusion (ASTM D1857)

Ash fusion test advantages/disadvantages 900%C

- Test is quick and easy to conduct BT

- Can be used to indicate temperature
where ash starts to “stick” or melt

- Can approximate the process oxygen partial
pressure

- Heating rate is not the same as the
process, resulting in temperature differences

- Does not provide an indication of low
temperature process interactions (test is
directed toward melting behavior)

Examples of fusion tests
on slags with additives
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Laboratory Tests — Confocal Scanning Microscope N =] ATonAL
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Laboratory Tests — Confocal Scanning Microscope
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Thermodynamic Modeling of Ash Phases

Douglas Fir Ash (wood)

TL

Western Coal Ash
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Thermodynamic calculations of the quantity of solid, liquid, and gas phases versus
temperature in Douglas fir and Western coal ash using FactSage™ 7.0 with the
FactPS and FToxid databases at 10-° O, partial pressure.
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* Agglomeration, fouling or slag issues occur in all gasifier designs, with new
des!?ns being propose Jevalua ed. The occurrence of issues Is associated with the
gasifier design and differences in:

- type of carbon feedstock material (coal, petcoke, and/or biomass)
- particle size of materials
- heating rates, process temperature, flow patterns/rates, and system materials of construction

« A number of laboratory tests were discussed that can be used to indicate
agglomeration, fouling, or slagging tendencies. These tests include:
- high temperature thermogravimetric analysis
VIScosity measurements
ash fusion
high temperature confocal scanning laser microscopy (including heating rate)
thermodynamic modeling

* Test data needs to be correlated with process variables to indicate areas of a
asification process where agglomeration, fouling, or slag issues may occur. \Ways
0 mitigate or minimize issues in the gasification process can than be considered.
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o - DISCLAIMER: “This report was prepared as an account of work
: -~ sponsored by an agency of the United States Government.‘Neither the
; United States Government nor any agency thereof, nor any of their
H i employees, makes any warranty, express or implied, or-assumes any

" legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights. 4

- Reference therein to any specific commercial product, process, or service - E
by trade name; trademark,; manufacturer, or otherwise does not *
necessarily constitute or imply its'endorsement, recommendation, or t
favoring by the United States Government or any agency/thereof. The ;
views and opinions of authors expressed therein do not necessarily state
or reflect those of the United States Government or any agency thereof.”
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