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Bubbling fluidised bed combustor
*350kW thermal

*Silica sand

*0.5m?2x 0.2-0.3m bed

*30-35 Kg/hr fuel flow

*Approx. 9000L/min air

«800-900°C

Measurements

Analysers [0,/NO,/SO,/CO/CO,]
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Fly ash
*Bottom ash
*Bed

*Agglomerates
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Peanut 0.1 4.04 §}19.14§ 21.58 562 212 317 024 9.07 8.36

Wheat Straw 0.1] 8.26 |15.69] 961 6.31 6.61 434 169 748 2269
Miscanthus 0.1y 4.76 J17.15)4 16.18 477 165 090 017 0.80 3.92
Wood 0.1y 1.14 J17.65) 11.65 3.24 295 260 014 142 13.52
Oat 0.1] 423 J}17.34] 19.76 360 6.26 1.04 0.06 158 21.14
Coal A 5.73) 39.91 §16.60§ 3.79 479 4.89 2262 0.02 26.70 3.01

Coal B 5.57 29.30 §17.94 - . - - - . -
CoalC 5.84) 35.44 |17.29) 4.67 455 545 1997 0.02 2419 3.63
Coal D 3.94) 35.18 }17.66 - - - - - - -

Coal E 5.14) 27.43 |18.27) 487 546 466 1718 0.02 1877 3.72
Coal F 4.22) 25.30 §19.53 = - o = = - o
Coal G 3.66) 25.14 |19.45) 6.73 7.02 400 2285 0.02 1850 5.05
CoalH 3.38] 20.21 §20.89 - . - - - . -
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Options

= How to analyse slag, agglomerates,
fouling samples?
« Optical Emission spectrometry (OES)
o Atomic Absorption Spectrometry
(AAS)
 Inductively Coupled Plasma (ICP-OES)
o Wet chemistry

. Eacm of choice:. Accuracy

* cost * Repeatability
 Complexity * Portability
* Training * Result?
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X-ray fluorescence (XRF) UNIVERSITY OF LEEDS

Ejected K-shell electron Incident radiation
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Investigation & scope UNIVERSITY OF LEEDS
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%C_Oaﬁfw XRF straw analysis using different devices

Elemental analysis of fuels & agglomerates
eDifference in external results
sFUrther investigation
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XRF limiting factors

Factors effecting XRF results

eUser ability/training

*Type of analysis
e Quantitative
e Semi-Quantitative
e Qualitative

ePower/size of device

*XRF Software/algorithms
e Standard-less fundamental
parameters (SLFP)
e normalisation

«Sample preparation
«Sample chemistry/physiology
Methodology
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Sample preparation UNIVERSITY OF LEEDS

D Iffe re nt m ethOdS Comparison of different XRF preparation methods for low grade coal
*Fusions ‘
60
.POWderS m fusion B powder
OPUSh pe”ets 50 |} | ' wet chemistry M pellet 10%
3 B pellet 30% pellet 50%
g 40 M pellet 90%
Factors §
*Particle size £
Optical distance 8.
Bulk density
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«X-ray penetration |
Homogeneity 038 e e B
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Method development

Investigated

«Carbon content
Particle size

*\Wet chemistry method
*Ashing method
Device variance
*Program parameters
*Making own standards

Method development
«Systematic method
*\Work with other groups
*Reduce result differences

Dry raw biomass at 105°C for 2hrs

¥

Prepare biomass using the method described in the following sections of the methodology

¥

Shred biomass /mill. Biomass should be screened to ensure particle sizes are less than 90um

¥

Perform standard initial analysis techniques including semi quantitative XRF using previous coal model, CHNS and
proximate analysis.

v

Based on the initial analysis, ash content for samples is acquired and can calculate raw sample needed to produce
150g+ of ash for each fuel.
Biomasses should be ashed at 550°C for 14hours and screen through 160um

v

v

Use CHNS and/or TGA/DTA to determine the carbon
content which must be >1%wt for analysis to
continue

Conduct simultaneous thermal analysis Fourier
transform infrared spectroscopy (STA-FTIR).

v

Wet chemical analysis of the biomass ashes

¥

¥

Preparation of selution A using the method set out
in the following sections

Preparation of solution B using the method set out
in the following sections

¥

v

Perform spectrophotometry for silica content as
described in the appropriate method

Perform spectrophotometry for Titanium dioxide
content as described in the appropriate method

¥

Perform spectrophotometry for phosphorus content
as described in the appropriate method

¥

Perform titration for magnesium and calcium
content as described in the appropriate method

¥

potassium,

Perform atomic absorption spectrophotometry for iron, calcium,

i , sodium and aluminium content as
described in the appropriate method

b 4

v

Create formed XRF beads of sample for analysis and data entry comparison

¥

¥

Compile all results and use as calibrations standards for calibration matrix building
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Conclusions

e Use a standardised method for comparison

Use results with caution

Reduced errors in repetition

Work in progress

Larger community addressing problems

Can XRF be used for low grade fuels and agglomerates?

(Loubser and Verryn, 2008, Anzelmo, 2009, Gazulla et al.,
2009, Stankova et al., 2010, Wang et al., 2010, Gazulla et
al., 2010, Matsunami et al., 2010, Pease, 2013, Le Roux
and De Vleeschouwer, 2010, LUO et al., 2011)

Sample preparation

(Gazulla et al., 2010, Fernandez-Ruiz et al., 2010,

XRF analysis technique(s) & Robinson et al., 2009, Andersen et al., 2013, Morgan et al.,

methodology development 2015, Teng et al., 2013, de Jonge and Vogt, 2010, Terzano
etal., 2013)

ReVieW(S) (Evans et al., 2014, Taylor et al., 2014, Clough et al., 2014,

Gibson et al., 2014, Butler et al., 2015)
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Thank you

Any questions?



