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On-line and In situ gas (tar) measurements
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Outline

Introduction to Optical Absorption Spectroscopy/DOAS
» Choice of spectral range
* Choice of medium

Before real measurements:
* Gas cell and setup
« Temperature-dependent Absorption Cross-Sections Database

Real measurements:
 What can we expect?
» Viking (high-T gasification)
 LT-CFB (low-T gasification)
« “Bad” grade wood fired burner (uncomplete combustion)

Conclusions
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Choice of spectral range -
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UV (200nm<}):
e superb sensitivity for organics;
« (very) strong light absorption;
e in situ or on-line measurements.
Special for gasification: no O,
e possibility to go further down (120nm<)): far UV;

superb sensitivity for major/minor gas components;
e compact system;

e |In situ or on-line measurements.
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Choice of spectral range

HE

- PAH cs comparison: calculated vs. measured
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e« Larger cross-sections (cs) —» stronger absorption —» easy to measure

* More (benzene) rings (+substitutes) — absorption at longer A

* Tar has strong UV absorption at 200nm<A\

e cs for 1x to 5x about the same magnitude(5x = number of benzene rings)
« BTX and light PAH’s have strong UV absorption in 170-200nm

e 120-170nm is tar-"free” region: major/trace gas analysis (H,O, CO,, CO,
saturated unsaturated (double/triple C-C and C=0) hydrocarbons)
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Extinktion

Choice of medium

100 7 IV
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Example: 1,2,4,5-tetrazine

| Gas phase, room temperature
Il  Inisopentane-methylcyclohexane matrix, 77K

Il Incyclohexane, room temperature

IV In water, room temperature

Al1-0 0-0 0-1A 0-2A 0-3A 0-4A

5

1
550 500 nm 450

Molecules have their own “fingerprints”

Vibrational fine structure disappears in solutions but not in the gas phase

Fine structure degrades with temperature

DTU Chemical Engineering, Technical University of Denmark



Introduction to Optical Absorption
Spectroscopy/DOAS

HE

Lambert Beer Law

Spectrum w/0 absorption Spectrum with absorption
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Set Up for UV Absorption Cross-Sections
Measurements with Reactive Gases
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Hot gas flow cell for optical measurements on reactive gases (B coouos
g Crombark

Helge Grosch, Alexander Fateev”, Karsten L. Nielsen, Sennik Clausen

sirute for Chemical and Bioche

rederiksborgue] 399, 4000 Roskilde, Denmark

ARTICLE INFO ABSTRACT

A new design is presented for a gas flow cell for reactive gases at high temperatures
w flow weindovws. This design
geable optical

resolution measurements at
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Set Up’s validation:
Absorption Cross-Sections at 22C
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. . 2
absorption cross-section (cm“/molecule)
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T-dependent Absorption Cross-Sections

Phenol
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With T-raise:

e “coarse” structure widens

 “fine” structure” disappears

— Keep T as low as possible
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Set Ups for real measurements: DTU
how do they look? - TR

‘Filter (<0.3um/99 %gﬁm |
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Setup: on-line gas extraction vs in situ

valve

=

product gas
stream
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Extraction
exhaust heated gas cell
150°C, 0.5 m v
140°C 130°C window ', window spectrometer
Lt | [
FTIR
[ | lens
R data log
25m 2 UV lamp -10 m
optical
— dryer fiber oD
* ‘ camera
heated gas hoses pump,
150°C exhaust
- in-situ measurements
- optical windows purged with N,
- same optical equipment as in lab
- use of optical fibers
spectrometer
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- extraction from 300 C

- tar trapper (at 130 C)

- Fully heated system (150 C)

- particle filter

- 2x 0.5 m gas cell (IR + UV parallel)
- same optical equipment as in lab

INn-situ
lens/window
N kv alv N
lens purzge valve valye pur‘:gel light source

L.

adjustable tube

adjustable tube

optical

fiber product gas

stream



What can we expect?

Gas extrtaction above 2 m (wood fired grade unit) vs in situ cross-stack (wood stove)

0.8
fluorene+acenaphthene(+acenapthylene) .
§ — Extraction at 25C (after cooler):
0.7 1 @'@ on flame boundary (grade)
] ' above the flame (grade)
0.6 NO In situ (320C):
i high tar/medium soot (stove)
phenanthiene (+anthracene) very low tar/soot (stove)
0.5 @ Gas extraction at 150C (chimney)
. {1NO @ O chrysene flame start
S 0.4 QIO OO
= ‘ ©©
benzo[a]pyrene
03 Y
@)@
1 NO @ @ @@
0.2 1 benzene
0.1 1
0‘0 -/H
v T - | y T v T - T T T - T y 1
200 220 240 260 280 300 320 340 360

Anm
o After gas cooler (5C): no water but still some tar/PAH’s: easy to identify
« Measurements after filter at 150C: condensable (= water soluble) vs rest
* NO clear signature

e Tar/soot/NO/... can be measured with time resolution
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In[10/1]

Clean (from tar) gas: Viking gasifier o1u

8 Producer gas at 70C, 0.39 cm >

—— air mode

7 4 —— C02+02 mode
—— H20 reference
—— CO2 reference
——— CH4 reference

—r+r v+ v | ¢ T+ ¢+ ¢t r ¢+ ¢t 1 ¢+ T 117

120 130 140 150 160 170 180 190

nm

0.433% 0.866% 1.028%
12.2% 31.08% 24.42%
*) Aldehydes in CH;CHO equivalent 2.74% 2.829%, 2.8%
**) below detection limit 0.354% 0.885% 0.955%
***) concentrations calculated from 8% 14% 14%
spectra measured over e . W
10 min measurement time 33ppm Oppm= Oppm==
Oppm™** 22ppm 22ppm
Opmm>** 100ppm 100ppm
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Dirty gas: LT-CFB gasifier:
gas extraction at 150C

DTU
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260 265 270 275 280 285
Wavelength (nm)

Method Time | Temperature Phenol Naphthalene

GC-MS | 30 min 15°C 215 ppm 16 ppm
Extraction | 3 min 150°C 360 ppm 31 ppm

In-situ 6 min 400°C 500 ppm N/A
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In[10/1]

HE

Dirty gas: LT-CFB gasifier: in situ

LT-CFB: steady-state measurements at 3 different days

10 Producer gas at 286C(LT-CFB) vs 70C(Viking) 12 o
; — LT-CFB measured spectrum at 286C | day 1
g 4 ——Viking measured spectrum at 70C day 2
i —— CO2 reference 10 4 day 3
8 —— H20 reference —— H20 reference
- ] —— CO reference
7 8 - ——— C2H4 reference
1 —— NH3 refernce
6 - CcO
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LT-CFB: steady-state measurements at two operation modes

normal operation

LT-CFB relatively stable operation in respect to _
tar/BTX 10 -

“high-tar” operation mode: more BTX/tar
(190nm<A), more NH;,

—— high-tar operation
residual: high - normal

In[10/1]

In 120-190 nm additional tar absorption gives
a base-line like “shift” because nearly flat
absorption structures for tar/BTX in 120-170
nm.

no HCI, CH;CI(120ppm)

.

L e e e T B e L AL A B e e o
121 131 141 151 161 17 181 191 201
nm
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Dirty gas: LT-CFB gasifier: in situ
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3 —— g_kin1 #86 286C/160nm -h26(10%}-c02(11.1%-co(1 8% }-c2hd (0. 253%)
J ——In CH4(1.3%) 1.0029bar 286C from 70C
—— In CBHE(500ppmY0.38cm/1 .016ban/286C C-H,C-C
2 _| ——1In C6HSOH(400ppm)0.39cm/1.016bar286C
—— In CH3CHO(14 0.3%m/1.0 8 COH,C=0,HOH
1 ——n caHe(0.5%)/0.38cm1 016ban286C
anthracene/23C from Robin (1975) v2 CEHE C:C‘C C

Typical residual spectrum after
H,O0+CO,+CO+C,H, subtraction

MNH3

CEH50H

LNLE B I L | T
230 220 210 200 190 180 170 160 150 140 130 120
nm

Tar contribution to the total absorption:
* high: (most absorption (=concentration) due to BTX (170-190nm)
* medium: “light tar” (naphthalene*) (190-220nm)

 low: “heavy tar” (anthracene*) (220nm<A)
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“Bad” grade wood fired burner:
Incomplete combustion

INERIS test bench: OGC (incl. PAH) and PM measurements

HE
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normal operation
3.0 —— high OGC/PM operation
——Q02in air
254N shift towards BTX/Tar benzene
— toluene
Toluene —— naphthalene
2.0 -
S
15+ Naphthalene
biomass. Gas. fuel oil bollers 1 IO _
TESTING BENCH FOR EMISSION MEASUREMENTS
| CO.NOx, S0, NH,, HCI, HF, COV, Hg, etc... 05 -
INE-RIS ' parteres
0.0 !
vy L L L L L L L
usha, eve ment
= 170 190 210 230 250 270 290

 “normal” (=optimized) combustion: BTX
o “bad” (=high OGC/PM) combustion: BTX + naphthalene* + PM

« PM concentration and effective size can be obtained from
extinction measurements (absorption + scattering)

IMPRESS 2: Metrology for

_ o _ o Air Pollutant Emissions
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Conclusions
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UV/far UV absorption spectroscopy is a powerful tool for tar and major/minor gas
components in situ and on-line measurements

UV absorption T-dependent cross section databases for various organic molecules
are either available or can be generated on request

Successful demonstration of UV/far UV/DOAS approaches in measurements in
various environments (low/high temperature gasification and combustion)

Tar have about the same absorption cross sections as BTX-family so their
contribution into total absorption signal will be proportional to their concentrations

This can be used for their in situ measurements (absolute or relative) by simple
weighting of the 195-230 nm and 170-200 nm areas under an absorption spectrum

Spectral resolution of the spectrometer does not play any role for this approach and
use an ordinary N, for purge of the optics would be enough

Ability unexpansive far UV small spectrometers opens possibility for a new in situ
tar/BTX sensor development when a complex tar/BTX sampling can be avoided.
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Thank You

Questions? Comments?
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