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Tar analyzer history |fk

~ 1994

1998

1999

2000

2001

2011

2014

future

Idea of tar measurement with an FID based online device at IFK
Development of 15t prototype at IFK lab for the verification of the general
measurement system

2"d (improved) prototype

34 and final IFK prototype available

License agreement to “Ratfisch Analysensysteme GmbH”
1st Ratfisch prototype available
Start commercialization 15t generation measurement device

Different research projects in the field of gasification and (online) tar measurement
at IFK with Ratfisch prototype

Start KIC DEMITAR project

o Development of 2" generation FID based online tar analyzer
0 Tests in laboratory environment and at pilot and industrial gasifiers

Commercialization of 2"¥ generation measurement device

Further lab and field testing...



Measurement principle
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Measurement principle
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Analyzer specifications |fk

. Measurement principle: Differential measurement of sample gas with and without
tars (tars = hydrocarbon condensate on filter!)

. Oven temperature: 300°C

. Tar filter temperature: Adjustable between 20 and 99°C

. Tar filter material: Sintered bronze

. Effective measurement range: 3 zones up to 120gc4men/M3gy, (0-12, 0-60, 0-120)

. Measurement limit: Around 200mMgc,pon (Still to be validated!)

. Reproducibility: < 0.5% of the measured value

. Time for sampling and analysis:  Minimum 50-60 seconds (per measurement)

. Sample gas flow rate: ~1l/min
. Ambient temperature: 0 to 50°C
. Heating time: Minimum 60 minutes

. Sample gas pressure: -10 to 50mbar



Calculation of tar concentration |fk
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Calibration and response factors |fk

From theory:
» The signal of an FID is almost directly proportional to the amount of organically bound carbon.

» Propane is commonly used as calibration gas for FIDs because of the linear detection of
different concentrations.

Response Factors: Propane - Methane

Substance Gredinger Dobson Wandinger
1,00 o
o Propane 1.00 1.00 1.00
7 0,90 (o]
S o Methane ~0.90 1.00 1.26
2
2 080 Butane 0.95 1.01
[]
Q.
g or0l Benzene 0.97 1.14
O Propane
O Methane Toluene 1.00 1.08
0,60
0 20.000 40.000 60.000 80.000 Xylene 0.93 1.08
Organic bound carbon in calibration gas in mg/m?
Phenol expected to be < 0.8

Use of 5.12% propane in N, as reference gas.

Decreasing response factors for propane with
decreasing concentrations — Choice of measurement range!

Response factors for methane ~0.9 compared to propane



Operation and control software
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2"d gen. online tar measurement device
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Results of calibration gas tests |fk
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Comparison with results from tar protocol
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average value during online measurement at 700°C: 21.314 mg organic carbon
tar protocol measurement (GC and gravimetric): 36.197 mg carbon in tar species (incl. benzene)
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Number of measurementruns

Tar protocol
analysis

Benzene
Pyridine
W Toluene
m Phenol
Inden
M Naphthalene
m Phenanthrens
W Fluoranthene
M Pyrene
m Approx. identified GC tars **
M Not identified GC tars **
M Gravimetric tar (w/o GC tars) *

* carboncontentassumed: 70%
** carbon content assumed: 92%
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Tar monitoring - Change in gasification temp.

Tar concentration as
organicbound carbon in mg/m?,,
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Possible applications

. General (industrial) gasifier monitoring
. Surveillance / Monitoring of gas cleaning / gasifier downstream equipment

. Simplified detection of optimal gasifier / gas cleaning equipment operation point

ifk
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Future experiments and analyzer validation |fk

. Further tests with calibration gas for general analyzer validation
o Influence of general analyzer settings to measurement signal

. Tests with single tar species (generated with own ,tar generator®):
o Identification of single response factors
o Identification of filter breakthrough at different concentrations

. Tests with hydrogen in sample gas to detect influence on analyzer signal
. Tests with steam in sample gas to detect influence on analyzer signal and filter behavior
. Long term tests at IFK pilot plant to see time of filter breakthrough

. Tests at IFK pilot plants to compare measurements with tar protocol and SPA at different
gasification processes

. Tests at CIUDEN gasifier (Ponferrada/Spain) in September
Interested parties are always welcome to visit IFK during test time!

15



Thank you for your attention !

Contact person: Andreas Gredinger

Institute of Combustion and Power Plant Technology - IFK
Department Decentralized Energy Conversion

Universitat Stuttgart

Pfaffenwaldring 23

D-70569 Stuttgart

Tel.. +49 711 685 65585

Fax: +49 711 685 63491

Mail:  andreas.gredinger@ifk.uni-stuttgart.de
http://www.ifk.uni-stuttgart.de

Analyzer manufacturer: [_R p I®|
www.ratfisch.de CItFlS

ANALYSENSYSTEME

ifk
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