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Appendix A Calculation Procedures

APPENDIX A

CALCULATION PROCEDURES

A.l

Introduction

In this Appendix, the calculation procedures for determining experimental operating

parameter values, inlet gas velocity of the steam-air mixture to the bed, and terminal

velocity of 3.35 mm diameter particles are detailed. Sample calculations are provided in

each case.

A2

Experimental Operating Parameters

Values for operating parameters and settings for each experiment were calculated as

follows:
1. Desired steam concentration of the fluidising gas is set, in the form of steam-to-air
mass ratio;
2. Desired air-to-fuel mass ratio (A/F), or steam-to-fuel mass ratio (S/F), is set;
3. Desired superficial velocity (Us), based on cylindrical diameter of gasifier, is set;
4. Externally-controlled furnace temperature (Ty) is set;
5. Maximum bed temperature (Tp.x) is assumed, based on a value approximately
100°C greater than the T set-point value;
6. Total volumetric flow rate is calculated using Equation A.1:
Qgas = Uy X /4 x (Deylindrical)” (A.1)
7. The composition of the steam-air gas mixture is calculated using the following
steps:
a. The gas component mass fractions (m;, where i = O, N, or H,0O) are
calculated by adding S/A ratio to the typical air composition of 23.3 wt% O,
and 76.7 wt% N, and normalising against a total of 1.0.
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b. The gas component mole fractions (n;, where i = O,, N, or H,0O) are
calculated by multiplying m; by the molecular weight of the component

(MWj)), as in Equation A.2, and normalising against a total of 1.0.
nj=m; X 1\/[\7\/1 (AZ)
c. Calculate the total molecular weight of the steam-air gas mixture (MW )

by multiplying the mole fraction of each gas component by its molecular

weight, and summing together, as in Equation A.3.

MWgas = Z[l’li X MWi], 1= 02, Nz, HzO (A3)

8. Calculate the volumetric flow rate of each gas component (Q;) by multiplying Qas

by the mole fraction of each component, as shown in Equation A.4.

Qi= ans xn;, 1=0;, N, H,O (A.4)

9. Volumetric flow rate of air at STP conditions (Qairxstp)), 15 calculated via Equation

A.5. This forms the set-point value used for the variable-area flow meter.

Quairstp) = (Qoz2 + Qn2) X (298 K/ Trmax) (A.5)
10. Calculate mass flow rates of coal and steam using the following calculation
method:

a. Calculate the density of the gas at process conditions, using process

pressure (P), MW, gas constant (R), and Tpay, as in Equation A.6.

Peas = (P X MW gs) / (R X Trnax) (A.6)

b. Calculate the total mass flow rate of the steam-air mixture using Equation

A7.
Mgas = ans X Pgas (A7)
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c. Calculate the mass flow rate of each individual component (M;) by
multiplying the mass fraction of each component by Mg, as in Equation

A.8.

M =m; x Mgs, 1= 02, Nz, HO (A.8)

d. Calculate the coal feed rate (dry basis) by dividing air mass rate (i.e. Mo, +
M) by A/F, as shown in Equation A.9.

Meoal = (MOZ + MNz) / (A/ F) (A9)

11. At the completion of the experiment, the actual recorded maximum bed
temperature (Tmaxrec) 18 used to recalculate Us. This is necessary given that the
calculated process gas flow rate varies with bed temperature, which in turn changes
the calculated mass flow rates of the gas components, and hence A/F and S/F. In
reality, only volumetric flow rate varies with temperature, while mass flow rate
remains constant. Desired superficial velocity, U, is altered using trial and error,

until A/F and S/F match the original desired value.

The following shows the sample calculations that were performed for Run A02.
e Set the desired operating parameters as in Steps 1-4 above, including:
o S/Aratio=0.13
o A/Fratio=3.0
o Us=0.60m/s
o T¢=825°C

e Bed temperature is assumed following Step 5:

0 Tmax =925°C

e Calculate the total volumetric flow rate of the steam-air mixture through the bed

using Equation A.1:

ans = Us X Ax-section

Agglomeration and Defluidisation of High-Sodium Lignite A3
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= (0.60 m/s) x m/4 x (0.076 m)*
=0.0027 m’/s

e Calculate the steam-air mixture gas composition following Steps 7a to 7c. Refer to

Table A.1 for tabulated results of calculations.

Table A.1. Calculated mass and mole fractions of components in steam-air mixture for Run A02.

Component Molecular ~ Mass, Mass Moles, Mole Weighted
weight  based on fraction based on fraction molecular
1 kg air 1 kg air weight
(kg/kmol) (kg) (kmol) (kg/kmol)
H,O 18 0.13 0.12 0.0064 0.17 3.1
0, 32 0.23 0.21 0.0064 0.17 5.6
N» 28 0.77 0.68 0.024 0.65 18.3
Total - 1.13 1.00 0.037 1.00 27.0

e (Calculate the volumetric flow rate of each gas component as in Step 8. Refer to

Table A.2 for results of calculations.

Table A.2. Volumetric and mass flow rates of gas components in steam-air gas mixture.

Component Volumetric flow Volumetric flow  Mass flow Mass flow
rate rate rate rate
(m3/s) (LPM) (kg/s) (kg/h)
H,O 0.47x107 28.1 0.86x10™ 0.31
0, 0.47x107 28.4 1.5x10™ 0.55
N, 1.78x107 106.7 5.1x10™ 1.82
Total 2.72x107° 163.2 7.4x10™ 2.68

e Determine the STP air flow rate following Step 9 above:

Quirstp) = (Qoz2 T Qn2) x (298 K/ Tinax)
— (284 + 106.7) x (298/[925+273])
=33.6 LPM

e Calculate the density of the gas at process conditions using Equation A.6:

Pgas = (P x MW) / (R x Tpnax)
= (101 kPa x 27.0 kg/kmol) / (8.314 kPa.m*/kmol.K x 1198 K)

Agglomeration and Defluidisation of High-Sodium Lignite A4
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=0.273 kg/m’

e (Calculate the total mass flow rate of the steam-air mixture using Equation A.7:

Mgas = ans X Pgas
=0.0027 x 0.273
=7.4x10™ kg/s

e Calculate the mass flow rate of each individual component using Equation A.8
(results shown in Table A.2). This indicates a mass flow rate of steam of 0.31 kg/h,

or a feed water flow rate of approximately 5.1 g/min.

o Calculate the coal feed rate (dry basis) using Equation A.9:

Mcoal = (MOZ + MNZ) / (A/ F)
— (0.55+1.82)/3.0
=0.77 kg/hr

e At the completion of the experiment, the maximum bed temperature was measured
at 920°C. Trial-and-error altering of Us resulted in an actual superficial velocity of

0.59 m/s achieved in the bed.

A.3  Inlet Gas Velocity

The gas velocity at the inlet to the bed (i.e. at the conical gas distributor level) differs from
the superficial velocity, U, due to a lower gas temperature at the inlet, and a smaller orifice
through which the gas passes. The inlet velocity, Uiy, is calculated using the following

calculation method:

1. Gas density at the inlet (pgas, inler) 1S calculated using Equation A.6, but with
substitution of Ty.x with the temperature recorded at TC1 (Tiye), as in Equation

A.10.

Agglomeration and Defluidisation of High-Sodium Lignite A5
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Pagas, inlet — (P X MWgas) / (R X Tl) (AIO)

Flow rate of the gas at the inlet (Qgas, inter) 1S calculated by dividing mass flow rate
of the gas (Mgas), as calculated in Equation A.7, by pgas, inlet. This is shown in
Equation A.11.

ans, inlet — Mgas / Pgas, inlet (A 1 1)

Uiniet is calculated by dividing Quas, inlet by the cross-sectional area of the inlet

orifice, as in Equation A.12.

Uinlet = ans, inet / (T[/ 4 x Dinletz) (A 12)

The following shows the sample calculations that were performed for Run A02.

Gas density is calculated using Equation A.10.

Pagas, inlet — (P X MWgas) / (R X Tl)
= (101 kPa x 27.0 kg/kmol) / (8.314 kPa.m’/kmol.K x 668 K)
=0.49 kg/m’

Inlet gas flow rate is calculated using Equation A.11.

ans, inlet — Mgas / Pgas, inlet
=7.4x10" kg/s / 0.49 kg/m’
= 1.5x10” m’/s

Inlet gas velocity is calculated using Equation A.12.

Uinlet = ans, inlet / (TE/4 X Dinletz)
=1.5x10” m*/s / (n/4 x 0.012%)
=13.2m/s

Agglomeration and Defluidisation of High-Sodium Lignite A.6
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A.4  Terminal Velocity

Terminal velocity calculations were performed in order to determine whether
defluidisation (where applicable) was due to ash-related interactions, or if it occurred as a
result of insufficient fluidising velocity at the gas inlet to the bed. Terminal velocity (U;) of
the largest particle size to enter the bed, namely 3.35 mm diameter, was calculated in each
case. This was compared against the actual gas velocity at the inlet (Uiye), With the

particles fluidising when Ujyjer > Us.

Terminal velocity is calculated via a force balance between drag (Fgng), buoyancy
(Fpuoyancy) and weight (Fyeign), using Equations A.13 to A.16. Terminal velocity is

contained in the Fyrag term.

Fiotal = Farag — Fueight + Fouoyancy = 0 (A.13)
Farag = Cp/2 X Pgas, inlet X T/4 X Dp2 x U? (A.14)
Fueight = € X /6 x D,” x p, (A.15)
Fouoyancy = € X /6 X D’ X Paas, inlet (A.16)

Substituting Equations A.14 to A.16 into Equation A.13 and rearranging allows U, to be

calculated, as in Equation A.17.
Ut = \/[(g X n/6XDp3)X(pp - pgas, inlet)/(CD/2 X pgas, inlet X TC/4XDp2)] (A 17)

A number of assumptions are made for the calculations, which include:
o Spherical char particle, D, = 3.35 mm;
e Turbulent flow, with Re = 1000, giving Cp = 1;
» Particle density, p, = 1000 kg/m’.

Using Run A02 for the sample calculation:
U, = V[(g x 1/6xD,*)x(pp — Pgas. intet) (Cn/2 X Paas, intet X T/4xD,2)]
=[(9.81 x 1/6x0.00335%)x(1000 — 0.49)/(1/2 x 0.49 x 1/4x0.00335%)]
=90.45m/s

Agglomeration and Defluidisation of High-Sodium Lignite A7
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AS Uigler 18 13.2 m/s for Run A02, this implies that the largest char particle in the bed is

able to fluidise effectively, indicating that defluidisation is a result of particle growth and

other ash related reactions.

Agglomeration and Defluidisation of High-Sodium Lignite A8
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APPENDIX B

TEMPERATURE AND PRESSURE DROP PROFILES
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Figure B.1. Temperature and pressure drop profiles for Run A01.
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Figure B.2. Temperature and pressure drop profiles for Run A02. Apparent onset of defluidisation
indicated by dashed line (a).

Agglomeration and Defluidisation of High-Sodium Lignite B.1
under Fluidised Bed Gasification Conditions



Appendix B Temperature and Pressure Drop Profiles

1000 - 1000
—~ 800 800
3) —_
° ©
~ o
P e
5 <%
% 600 600 2
- (=]
g 0
5
'.; U e SRy S U
Q ! o
@ |
I
I
200 | 200
|
|
I
o T T T T 0
0 50 100 150 200 250

Time (minutes)

¢T/IC1°C eT/C2°C AT/IC3°C xT/IC 4°C xT/C5°C

Figure B.3. Temperature and pressure drop profiles for Run A03. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.4. Temperature and pressure drop profiles for Run A04. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.5. Temperature and pressure drop profiles for Run A0S. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.6. Temperature and pressure drop profiles for Run A06. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.7. Temperature and pressure drop profiles for Run B01.
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Figure B.8. Temperature and pressure drop profiles for Run B02. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.9. Temperature and pressure drop profiles for Run B03.
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Figure B.10. Temperature and pressure drop profiles for Run B05. Apparent onset of defluidisation

indicated by dashed line (a).
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Figure B.11. Temperature and pressure drop profiles for Run B06.
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Figure B.12. Temperature and pressure drop profiles for Run B07.
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Figure B.13. Temperature and pressure drop profiles for Run B08. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.14. Temperature and pressure drop profiles for Run B09.
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Figure B.15. Temperature and pressure drop profiles for Run B10.
900 1200
800 -
—+ 1000
700
& 600 | 1 800
e
2 500 -
©
g -+ 600
£ 400 ¢
()
'—
2 300 - + 400
m
200 A
-+ 200
100
0 ‘ ‘ ‘ ‘ 0

0 50 100 150 200 250
Time (minutes)

¢T/IC1°C eT/IC2°C AT/IC3°C xT/IC4°C xT/IC5°C

Figure B.16. Temperature and pressure drop profiles for Run B11.
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Figure B.17. Temperature and pressure drop profiles for Run B12.
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Figure B.18. Temperature and pressure drop profiles for Run C01. Apparent onset of defluidisation
indicated by dashed line (a).
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Figure B.19. Temperature and pressure drop profiles for Run C02.
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Figure B.20. Temperature and pressure drop profiles for Run C03.
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Figure B.21. Temperature and pressure drop profiles for Run C04.
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Figure B.22. Temperature and pressure drop profiles for Run C05. Operating range for apparent
onset of defluidisation indicated by dashed lines (a) and (b).
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APPENDIX C

ASH PARTICLES AND AGGOMERATES FROM
FLUIDISED BED GASIFICATION EXPERIMENTS

C.1 Coated Mineral Particles

Figure C.1. Discrete bed particles retained on 3.35 mm sieve from Run A01.
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Figure C.2. Discrete bed particles retained on 3.35 mm sieve from Run A02.
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Figure C.3. Discrete bed particles retained on 3.35 mm sieve from Run A03.

Figure C.4. Discrete bed particles retained on 3.35 mm sieve from Run A04.
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Figure C.5. Discrete bed particles retained on 3.35 mm sieve from Run A05.
‘ '

Figure C.6. Discrete bed particles retained on 3.35 mm sieve from Run A06.
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Figure C.7. Discrete bed particles retained on 3.35 mm sieve from Run B01.
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Figure C.8. Discrete bed particles retained on 3.35 mm sieve from Run B02.
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Figure C.9. Discrete bed particles retained on 3.35 mm sieve from Run B03.
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Figure C.10. Discrete bed particles retained on 3.35 mm sieve from Run B05.

Figure C.11. Discrete bed particles retained on 3.35 mm sieve from Run B06.

0

Figure C.12. Discrete bed particles retained on 3.35 mm sieve from Run B07.

Agglomeration and Defluidisation of High-Sodium Lignite C5
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Figure C.13. Discrete bed particles retained on 3.35 mm sieve from Run B08.
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Figure C.14. Discrete bed particles retained on 3.35 mm sieve from Run B11.
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Figure C.15. Discrete bed particles retained on 3.35 mm sieve from Run B12.
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C.2  Agglomerated Ash

Figure C.16. Agglomerated ash from Run A02.
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Figure C.17. Agglomerated ash from Run A03.
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Figure C.18. Agglomerated ash from Run A04.
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Figure C.20. Agglomerated ash from Run A06.

I‘nupuqm |“":' JU |.ii:i .||||-.|||||||1|||1II}M

Figure C.21. Agglomerated ash from Run B02.

Agglomeration and Defluidisation of High-Sodium Lignite C38
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Appendix C Ash Particles and Agglomerates from
Fluidised Bed Gasification Experiments
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Figure C.22. Agglomerated ash from Run B05.
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Figure C.23. Agglomerated ash from Run B08.
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Figure C.24. Agglomerated ash from Run C01.

Agglomeration and Defluidisation of High-Sodium Lignite C9
under Fluidised Bed Gasification Conditions



Appendix C Ash Particles and Agglomerates from
Fluidised Bed Gasification Experiments

#

Figure C.25. Agglomerated ash from Run C02.

Figure C.26. Agglomerated ash from Run C03.

Agglomeration and Defluidisation of High-Sodium Lignite C.10
under Fluidised Bed Gasification Conditions



Appendix C Ash Particles and Agglomerates from
Fluidised Bed Gasification Experiments

Figure C.27. Agglomerated ash from Run C04.

Figure C.28. Agglomerated ash from Run CO0S.

Figure C.29. Agglomerated ash from PDU tests.

Agglomeration and Defluidisation of High-Sodium Lignite C.11
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Appendix D Inorganic Analyses of Fluidised Bed
Gasification Samples

APPENDIX D

INORGANIC ANALYSES OF FLUIDISED BED
GASIFICATION SAMPLES

D.1  Elemental Analysis of Bed Char

Table D.1. Major elements detected via X-ray fluorescence analysis in bed char samples from spouted
bed gasification experiments.

Run Si02 AI203 MgO Fe203 CaO Na20 K20 TiO2 P205 MnO SO3
% % % % % % % % % % %
B01 13.06 2.83 3.64 1.67 6.01 3.73 0.13 0.47 0.02 0.03 10.93
B02 36.75 7.06 9.11 6.7 13.49 7.62 0.21 117 0.04 0.1 6.34
B03 53.34 6.20 6.39 4.57 11.01 9.26 0.15 1.26 0.03 0.06 4.87
B05 40.46 5.76 5.8 5.54 12.82 7.49 0.15 0.87 0.04 0.06 9.51
B06 22.10 3.30 3.48 2.03 7.06 4.25 0.15 0.53 0.02 0.02 11.80
B0O7 26.62 3.46 3.55 3.04 8.90 4.71 0.15 0.58 0.02 0.02 13.50
B08 45.26 6.61 7.84 4.59 15.93 8.32 0.15 1.17 0.04 0.07 5.94
B09 23.25 2.78 3.19 3.18 717 3.88 0.12 0.44 0.03 0.02 13.55
B10 25.44 3.82 4.75 2.92 8.81 4.95 0.16 0.5 0.03 0.03 13.05
B11 31.72 5.21 6.55 4.09 12.19 5.09 0.13 0.6 0.04 0.04 15.36
B12 30.79 6.52 9.04 4.97 14.99 6.15 0.11 0.75 0.04 0.05 9.70
A01 36.17 5.95 6.74 3.57 12.92 6.44 0.15 0.76 0.03 0.05 7.97
A02 37.11 6.87 8.04 3.96 16.04 6.97 0.14 0.78 0.04 0.05 7.13
A03 35.76 7.11 9.07 6.67 15.77 7.61 0.14 1.1 0.04 0.10 8.74
A04 31.28 6.18 7.83 7.57 12.78 7.12 0.16 0.96 0.04 0.10 9.45
A05 46.89 7.41 8.88 4.33 16.23 8.87 0.15 1.23 0.04 0.06 1.24
A06 42.26 6.61 7.94 4.91 13.62 8.04 0.16 1.16 0.04 0.07 6.17
co1 23.86 4.53 5.34 3.27 8.44 4.54 0.15 0.59 0.03 0.04 9.30
co2 33.93 4.10 4.68 5.53 9.36 5.91 0.16 0.60 0.03 0.05 9.00
co3 32.71 5.46 5.86 5.18 10.34 5.81 0.16 0.72 0.04 0.07 10.21
co4 17.23 4.65 6.18 2.46 7.63 4.72 0.15 0.59 0.03 0.05 7.04
Cco5 29.33 6.61 8.34 7.87 13.91 6.70 0.14 0.77 0.04 0.07 12.49
Agglomeration and Defluidisation of High-Sodium Lignite D.1
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Appendix D Inorganic Analyses of Fluidised Bed
Gasification Samples

Table D.2. Trace elements detected via X-ray fluorescence analysis in bed char samples from spouted
bed gasification experiments.

Run Zn0O CuO SrOo Zr02 NiO Rb20 BaO V205 Cr203 La203
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Bo1 19 40 536 160 22 7 602 31 15 29
B02 71 53 1301 311 1772 1 1043 79 1849 46
B03 56 24 1089 342 975 9 1653 78 522 42
BO5 97 103 1005 235 1570 8 3197 61 5430 17
B06 12 32 546 156 74 6 1157 30 332 14
BO7 20 24 593 143 40 3 1164 45 256 25
B08 71 48 1320 320 1111 8 1365 68 2672 28
B9 23 94 511 135 547 10 586 37 1910 2
B10 25 70 728 156 126 8 1292 40 369 10
B11 19 80 970 141 63 6 1230 43 325 7
B12 31 35 1389 125 626 0 5188 54 2510 50
A01 19.3 30.4 1032 193 662 1 318 49 530 32
A02 20 25 1386 181 541 1 5450 59 540 42
A03 31.9 30.5 1373 248 2531 0 1567 82 7171 55
A04 27 51.7 1141 207 4941 2 1086 96 12181 52
A5 35 326 1423 286 923 3 1402 59 2164 49
A6 36.2 324 1264 274 1316 3 4141 59 1847 49
co1 39 79 740 280 490 3 358 43 1095 29
co2 36 67 699 140 1381 1 1138 49 2110 40
co3 16 73 851 257 1605 5 377 60 2040 36
co4 17 61 818 266 122 11 450 34 265 30
Co5 91.8 55.1 1145 184 2271 0 503 55 4690 85
Run Ce02 PbO Y203 CoO Ga203 U308 ThO2 As205 Sn02 Cl
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
BO1 15 19 8 23 3 16 6 9 0 5558
B02 71 20 31 107 10 22 -1 17 -4 2206
BO3 52 27 21 50 6 17 0 16 1 2951
B05 42 30 17 71 9 21 -1 15 29 4748
B06 18 0 10 32 2 13 0 5 0 7760
BO7 16 4 6 53 1 6 0 5 1 7254
BO8 54 16 24 55 5 24 13 15 -1 3339
B9 9 1 7 103 5 23 10 1 3 7539
B10 31 2 10 122 7 25 8 7 -3 6184
B11 32 5 10 94 5 16 -4 8 -2 6456
B12 41 17 15 21 2 0 0 24 3 2622
A0t 41 13 17 15 3 0 0 18 0 1645
A02 38 14 17 13 4 0 0 23 1 1846
A03 80 18 21 25 3 0 0 25 0 2431
A04 63 14 16 29 6 0 0 28 2 4213
A05 57 17 26 17 5 0 0 28 0 1073
A06 48 15 20 19 3 0 0 24 0 1895
co1 20 0 10 13 0 0 0 18 0 2376
co2 41 4 8 16 2 0 0 21 4 2529
co3 49 9 13 19 4 0 0 21 17 998
co4 23 0 21 1 6 16 20 21 0 4636
cos5 53 3 18 37 5 0 0 31 6 1247
Agglomeration and Defluidisation of High-Sodium Lignite D.2
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Appendix D

Inorganic Analyses of Fluidised Bed
Gasification Samples

D.2

Elemental Analysis of Agglomerate Samples

Table D.3. Major elements detected via X-ray fluorescence analysis in agglomerate samples from
spouted bed gasification experiments.

Runs

B02
B05
B08
A03
A04
A05
A06
co1
C02
co3
co5

Si02 AI203 MgO Fe203

%

46.34
51.42
49.83
47.24
45.62
48.72
48.22
52.54
53.36
60.68
53.18

%
8.24
6.29
7.28
8.18
8.22
8.00
7.69
5.21
4.64
3.83
4.93

%
10.18
7.58
8.39
10.39
10.42
9.89
9.78
4.90
3.73
1.95
4.60

%
6.75
5.87
4.45
6.27
6.45
4.64
5.37

10.44

14.87

10.11
6.97

Ca0 Na20 K20 Ti0O2 P205 MnO SO3

%
14.84
13.71
16.72
16.49
16.40
15.41
15.74
12.42
10.80
8.57
11.25

%
9.39
10.21
9.02
8.60
9.23
9.33
9.19
11.36
10.91
9.25
10.68

%
0.26
0.16
0.15
0.17
0.17
0.15
0.16
0.21
0.26
0.19
0.23

% %
1.37 0.07
1.41 0.04
1.31 0.04
1.38 0.05
1.38 0.05
1.21 0.05
1.43 0.05
0.72 0.03
0.59 0.03
0.26 0.01
0.70 0.02

%
0.11
0.08
0.07
0.11
0.12
0.07
0.08
0.11
0.13
0.03
0.05

%
3.65
3.61
3.20
2.63
2.65
1.16
2.84
3.94
2.70
5.14
7.45

Table D.4. Trace elements detected via X-ray fluorescence analysis in agglomerate samples from
spouted bed gasification experiments.

Run

B02
B05
B08
A03
A04
A0S
A06
co1
Cco02
co3
Co5

Run

B02
B05
B08
A03
A04
A05
A06
co1
Cco2
co3
Co5

ZnO
ppm

30
57
40

19.9
225
38.6
32.2

28
10
31
41

Ce02
ppm

67
64

51.6

64.6

57.9
40
49
57
24
29

CuO
ppm
44
13
1
27.8
33.2
24.9
30.8
59
65
26
27

PbO
ppm

18
22
21.9
19.5
235
19.5

Sro
ppm
1491
1250
1408
1534
1560.1
1781.4
1505.4
843
672
451
785

Y203
ppm

31
33
41.9
34.7
39.9
37.6

Zr02
ppm
368
389
368
4154
4111
345.8
398.2
528
358
141
210

CoO
ppm

65
54
20.2
25
12.7
24
48
46
12

NiO
ppm
1413
986
597
722.8
969.4
1037.9
1116.9
4722
8570
708
405

Ga203
ppm

12.7
1.3

12.4
28
39

13

Rb20
ppm
13
5
7
10.3
10.8
14.9
9.5
24
28
10

U308
ppm

20
20
215
14.5
12.9
15.2
55
72
23

BaO
ppm
1002
1374
1542
11741
989
10542
1656.6
885
1553
1207
1535

ThO2
ppm
-13
0
0
4.2
0
7.4
2.3
33
41
0
0

V205
ppm
76
83
69
77.3
69.3
74.2
67.6
79
106
38
46

As205

ppm

18
16
20

18.8
21

19.7
19
16
12
10
24

cr203
ppm
566
4146
1040
1524.3
1327.2
2498.5
1042.1
6841
9738
560
425

Sn0O2
ppm

4

» OO0 o oo oo o

La203
ppm
45
50
54
50.4
46.3
48.4
48.7
77
65
41
44

cl
ppm
382
1979
1320
351.2
410
629.9
681.7
1134
563
920
695

Agglomeration and Defluidisation of High-Sodium Lignite
under Fluidised Bed Gasification Conditions

D3



Appendix D Inorganic Analyses of Fluidised Bed
Gasification Samples

D.3  Elemental Analysis of Cyclone Dust Samples

Table D.5. Major elements detected via X-ray fluorescence analysis in cyclone dust samples from
spouted bed gasification experiments.

Run Si02 AI203 MgO Fe203 CaO Na20 K20 TiO2 P205 MnO SO3
% % % % % % % % % % %

B01 8.97 4.15 5.60 2.84 7.82 4.01 0.13 0.44 0.03 0.08 11.84
B02 7.08 5.71 7.86 3.32 9.8 3.54 0.12 0.45 0.04 0.1 10.54
B03 8.70 4.28 6.15 3.18 8.33 3.73 0.12 0.46 0.03 0.08 12.20
B05 7.47 4.64 6.48 3.25 8.34 3.16 0.11 0.43 0.03 0.08 11.18
B06 7.04 3.27 4.57 2.1 5.77 3.79 0.12 0.36 0.03 0.05 11.89
B07 8.60 3.70 5.00 2.60 6.81 3.96 0.13 0.41 0.03 0.07 11.17
B08 9.74 5.34 7.19 3.92 9.91 3.39 0.11 0.52 0.04 0.09 12.82
B09 8.6 3.46 4.42 2.61 7.33 412 0.12 0.36 0.03 0.08 12.96
B10 10.52 4.53 5.99 3.44 9.07 4.68 0.14 0.56 0.03 0.09 13.48
B11 11.99 5.04 6.66 3.43 9.96 4.97 0.13 0.55 0.03 0.1 13.7
B12 9.86 5.35 7.27 4.41 10.11 3.91 0.10 0.54 0.04 0.10 11.72
A01 11.78 5.90 8.13 4.38 10.89 413 0.13 0.66 0.04 0.10 13.07
A02 11.23 5.71 8.00 3.99 10.56 4.06 0.12 0.64 0.04 0.10 12.74
A03 9.58 5.62 7.71 4.60 10.52 3.96 0.11 0.55 0.04 0.11 13.07
A04 8.55 4.87 6.70 417 9.38 3.75 0.11 0.44 0.04 0.09 12.42
A05 12.58 6.42 8.91 5.24 12.15 4.28 0.11 0.66 0.05 0.12 12.49
A06 9.61 6.25 8.63 417 11.60 3.59 0.11 0.54 0.04 0.10 12.07
Co1 9.16 5.04 7.00 4.19 9.32 3.61 0.10 0.46 0.03 0.09 8.25
C02 7.97 4.76 6.66 3.80 8.90 3.41 0.10 0.39 0.03 0.08 7.37
Co03 7.70 4.66 6.33 3.25 8.88 3.20 0.10 0.39 0.03 0.08 8.31
Co04 7.37 4.33 5.51 3.46 8.55 2.85 0.09 0.38 0.03 0.09 8.18
Co05 9.71 6.17 8.76 3.34 10.93 4.58 0.13 0.60 0.04 0.11 7.04
Agglomeration and Defluidisation of High-Sodium Lignite D4

under Fluidised Bed Gasification Conditions



Appendix D Inorganic Analyses of Fluidised Bed
Gasification Samples

Table D.6. Trace elements detected via X-ray fluorescence analysis in cyclone dust samples from
spouted bed gasification experiments.

Run Zn0O CuO Sro Zr02 NiO Rb20 BaO V205 Cr203 La203
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
B01 25 30 806 138 472 5 427 30 108 21
B02 30 49 1081 150 933 10 402 46 128 36
B03 12 2 851 133 1433 5 332 37 337 25
B05 17 27 891 138 557 3 327 39 683 2
B06 17 45 643 129 462 7 241 29 289 13
B07 18 25 718 127 152 5 379 29 186 2
B08 13 24 997 127 255 0 389 33 261 28
B09 24 59 665 111 595 6 368 28 853 25
B10 23 34 884 153 230 7 568 36 247 30
B11 21 M 995 154 92 4 504 4 109 30
B12 24 a7 1017 152 1659 4 419 43 468 23
A01 18 45 111 170 580 3 479 50 456 21
A02 20 51 1076 163 586 4 479 45 278 26
A03 24 74 1057 143 1585 3 487 a4 2369 27
A04 17 66 916 122 1607 4 373 a7 1673 19
A05 21 a7 1207 177 1095 2 639 49 1824 26
A06 15 46 1184 144 705 5 509 44 249 25
co1 30 74 961 159 1298 4 385 42 2721 33
co2 21 55 935 129 1228 6 395 45 2988 36
co3 23 50 910 141 583 5 357 35 o71 29
co4 14 a2 814 141 494 6 373 27 783 22
cos 28 23 1218 183 293 10 409 39 441 49
Run Ce02 PbO Y203 CoO Ga203 U308 ThO2 As205 Sn02 Cl
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
B01 25 7 12 17 1 4 0 12 1 11646
B02 35 13 16 397 4 15 7 22 0 12168
B03 17 3 12 19 2 3 0 16 4 10498
B05 25 7 11 19 1 1 0 18 6 10505
B06 10 0 10 1 2 13 8 8 0 11679
B07 9 5 5 12 1 2 0 12 4 11437
B08 29 4 9 22 0 0 0 16 2 8243
B09 19 7 6 18 2 6 2 9 1 13056
B10 29 14 7 17 0 0 -10 14 8 13057
B11 24 14 10 20 1 0 -10 15 3 14709
B12 27 6 16 24 5 0 3 23 2 9076
A01 36 8 16 20 4 0 0 29 3 6662
A02 27 12 17 20 6 0 1 26 2 7081
A03 26 9 16 28 5 0 0 26 5 8829
A04 17 7 13 21 5 0 1 2 1 7617
A05 30 11 17 28 4 0 0 29 2 8819
A06 22 6 16 20 5 0 2 31 0 7956
co1 32 0 14 27 4 0 0 22 0 8479
coz 26 7 15 18 5 0 0 21 0 7199
co3 27 0 15 20 2 0 2 20 0 6897
co4 32 2 13 18 5 0 3 19 0 6467
cos 37 7 22 19 8 0 9 29 7 13710
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Appendix D Inorganic Analyses of Fluidised Bed
Gasification Samples

D.4  Elemental Analysis of Inlet Deposit Samples

Table D.7. Major elements detected via X-ray fluorescence analysis in inlet deposit samples from
spouted bed gasification experiments.

Run Si02 AI203 MgO Fe203 CaO Na20 K20 TiO2 P205 MnO SO3
% % % % % % % % % % %
NSBO01 6.53 8.85 13.71 4.60 14.42 15.27 0.40 0.66 0.07 0.07 29.75
NSB02 9.81 4.49 5.57 4.18 8.48 22 0.68 0.37 0.08 0.06 37.89
NSB03 5.09 6.34 10.24 3.71 11.95 21.36 0.43 0.48 0.05 0.07 38.90
NSB05 5.87 6.98 11.01 3.99 11.86 19.97 0.48 0.48 0.05 0.07 37.16
NSB06 6.39 8.75 13.81 4.76 14.67 15.35 0.39 0.80 0.07 0.08 30.44
NSB07 8.52 6.04 9.13 4.64 11.27 20.20 0.44 0.52 0.07 0.06 33.87
NSB08 7.7 7.71 11.70 4.00 12.63 18.17 0.57 0.54 0.05 0.06 37.29
NSB09 6.05 7.11 10.07 4.05 11.44 19.09 0.47 0.52 0.08 0.05 32.75
NSB10 21.82 6.61 9.13 6.25 11.93 14.03 0.38 0.55 0.05 0.07 26.53
NSB11 6.45 7.59 11.17 414 12.61 15.38 0.34 0.53 0.09 0.06 31.11
NSB12 8.85 5.46 8.18 4.37 9.76 20.28 0.90 0.42 0.05 0.05 38.16
AF01 6.66 7.91 11.16 5.19 11.22 14.75 0.67 0.61 0.06 0.06 33.31
AF02 12.20 6.40 8.39 7.77 10.07 15.56 0.30 0.48 0.07 0.09 23.56
AF03 11.34 5.35 7.74 6.80 9.84 19.46 0.58 0.41 0.04 0.07 34.23
AF04 6.74 4.49 6.56 6.73 8.22 20.08 0.69 0.33 0.05 0.06 37.37
AF05 16.03 6.18 9.18 5.37 12.16 14.62 0.44 0.45 0.05 0.07 32.09
AF06 10.36 5.60 8.41 4.28 9.91 21.12 0.72 0.38 0.05 0.05 36.07
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Appendix D Inorganic Analyses of Fluidised Bed
Gasification Samples

Table D.8. Trace elements detected via X-ray fluorescence analysis in inlet deposit samples from
spouted bed gasification experiments.

Run ZnO CuO SrO Zro2 NiO Rb20 BaO V205 Cr203 La203
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
BO1 a7 187 1705 312 1393 23 572 64 1998 52
B02 141 1904 1068 1362 1606 143 2612 61 2211 114
B03 34 229 1369 150 1887 8 627 60 2133 30
B05 52 181 1405 174 1025 8 759 53 3994 17
B06 64 235 1648 512 445 42 623 82 1310 65
B07 62 251 1401 630 1228 58 849 56 4140 72
B08 36 128 1425 153 587 6 606 50 1641 18
B09 55 385 1348 702 937 75 818 43 2726 23
B10 36 226 1254 258 2238 23 1201 66 4877 27
B11 54 457 1373 774 311 93 796 69 667 62
B12 57 465 1072 283 2342 38 657 37 3818 0
A01 26 427 1288 290 2376 39 493 38 3033 14
A02 76 456 1068 705 5628 78 834 81 12756 13
A03 37 345 1036 224 3121 15 1025 54 13483 19
A4 41 323 2153 184 2059 26 44888 91 10054 11
A05 39 215 1237 203 2913 9 2316 72 16887 27
A06 53 398 1114 319 1250 35 1280 50 5187 0
Run Ce0O2 PbO Y203 CoO Ga203 U308 ThO2 As205 Sn0O2 Cl
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
BO1 47 10 40 34 13 67 47 0 0 31770
B02 19 118 125 - 74 493 371 -106 159 1846
B03 13 2 7 26 5 18 0 7 12 6185
B05 5 2 7 27 0 21 0 4 26 4616
B06 53 0 56 22 13 138 110 0 0 27932
B07 6 68 70 25 32 202 154 0 0 32981
B08 25 4 8 18 0 14 0 3 10 1576
B09 18 -9 63 24 33 244 220 52 52 40538
B10 44 15 21 25 9 60 24 6 1 11551
B11 20 -32 60 15 40 309 234 -82 -109 11631
B12 0 0 31 24 21 53 101 6 0 1077
A01 0 0 33 21 20 43 81 3 0 6678
A02 0 0 76 45 69 162 238 13 0 36935
A03 10 13 13 32 16 13 26 16 17 2183
A04 0 0 11 26 25 10 25 16 0 1135
A05 2 9 9 31 10 0 0 13 10 1269
A06 0 0 34 12 26 65 106 23 0 2012
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