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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 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. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof."
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Project Description and Objectives

Electrical (BNC) cable

Purpose:
» Produce and demonstrate a continuous SO, / H,SO, K—f{

monitor for coal-fired power plants

multi-pass
cell

i

Alignment to Fossil Energy objectives \ , ,
Fiber optic cable

» Real-time information to optimize additive injection
and minimize catalyst deactivation Laser

» Without an SO; monitor, power plants over use

sorbent => waste (typical sorbent costs SIM/yr) Sulfur dioxide (50.) Erission of
conversion to sulfur H,50, mist - aka
> Sensor would enable cost savings ($100k/yr — Inkinde (30 “Dlue plume’

$200k/yr) and improved flexible operations

S0, + H,0 = H,S0,

Driving questions 5”””{5}F | Boiler
» Can the sensor provide sufficient sensitivity in a A —» l

Combustion flue gas stream
Air

challenging environment? g ;
- Air
o H * *
» Do measurements accurately reflect the

composition of the flue gas? Additional Conversion of Condensation
50, to SO, 50, to sulfuric of HSO,
COMVErsion acid vapor (H,50, ) vapor to mist




g"lz optoknowledge ErR UCI = FERCo ‘ = ?ﬁé&%%‘tém
TL LABORATORY

SO3 / H2504

1%-2% conversion of sulfur
in fuel to SO; in furnace

H,SO, Mist
“Blue Plume’

0.3%-2% oxidation of

SO, to SO; across SCR
—L - 4 L
Vo Sy .
B ‘ r ; Air Heater
¥

'HE‘.F: 150, + H,0 > HyS0,
i el ¢

H,SO, + NH; = NH,HSO,

Ammonium Bisulfate (ABS)

‘ .

[=E

Vaporous H,SO,

Vaporous SO,
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Equilibrium Conditions vs Temperature

400°F 750°F
200°C 400°C

in fuel to SO, in furnace

H,SO, Mist
‘ 1%-2% conversion of sulfur “Blue Plume’ .

®
0.3%-2% oxidation of .

SO, to SO; across SCR

k ||'

sl . ]
L ‘ I ' 1 Air Heater
i £

- st -
| - A

200 400 600 200 10
Equilibrium Temperature, K

SO, + H,0 > H,50, Vaporous H,S0,

Vaporous SO,

H,SO, + NH; = NH,HSO, Ammonium Bisulfate (ABS) |
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Alkali Sorbent Injection

Alkali sorbent injection uses include:
> Mitigation of H,S0, ‘blue plume’

» Enhanced powdered activated carbon (PAC) efficiency | r_r_l_c_>lhltor’locat|ons

in capturing mercury — m AC For g

> Mitigation of ammonium bisulfate (ABS) and SO,

condensation impacts on air heater fouling v
> Mitigation of duct corrosion due to SO; condensation Peteatel 00 e e ) L
| ; U Sorbent
Alkali sorbent injection locations moving upstream: i SR— b | Injection
> Originally downstream of air heater / upstream of
particulate collection device
> Also between the Selective Catalytic Reduction (SCR) Lack of continuous S03 monitor limits ablllty
outlet and air heater to optimize sorbent injection rates

> Recently positioned upstream of the SCR
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Current Technique for SO3 / H2S04

Heated filter Condenser
I | | 3% H202
. [ Heated Probe s 5: ., - impingars Silica gel
If :lT{'\'l -~ rT""‘"“'-. — f:I'_'_':I\.
L qQuartz liner ™ 2 - ] - 7 It
—
I '_'-l
» Collect sample for 20 minutes Eﬂll
» Another 20 minutes to process [”H”””]
» Does not distinguish between SO, e e et Temperature vacuum
and H-SO Temperature Contraller SEI'ISI?E gage
224 w) (%) Pump — (":_P
> Send liquid sample to lab for ion Orifice T 0
. - 8] ras |=>:Dl<
chromatography analysis

.1 . 'I Main va

o

- Dry gas meter



(; optoknowledge P UCI = FERCo N=|NATIONAL

TL TECHNOLOGY
LABORATORY

Spectroscopy System

Wavelength [um]

7.0 7.2 7.4 7.6 7.8
Tunable L e
unable Laser IR Detector —
o e o _ S 02 Measured spectrum
\ 2 & 0.15
2 + M I g 0.1 J
\.’J LT ) E 0.05 x llLU
£ 0,
< 0 ‘
-0.05
1425 1405 1385 1365 1345 1325 1305 1285
Wavelength [pm] Wavenumber [cm 7]
7.0 7.|2 7.|4 7.6 7.|8
o ! .
pooto] Species Concentration
g Sulfur dioxide
oove ] Library 2,3 Butanedione:  99.7 ppm
- | Acetaldehyde: 230.2 ppm
5 1 _
< oooas 2,3 Butanedi neJ 1 Acetone: 130.8 ppm
| Agetone |J it | M | | Methane: 259.3 ppm
onnnz-;“w Ny sdldeh - ---\J I l | | lll\h \p‘ \J.‘_-\ L\ M Water: -38.8 ppm
T 1450 T l 14:)0 : l l113;30 o : 13{20 R 1\3:40 - . 13I2lJ - . l 156.0‘1‘\ l . 12;;0.‘. SUIfur diOXide: 2-5 ppm
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H2S04 Spectrum

Vibrational and Electronic Spectroscopy of Sulfuric Acid Vapor

H,SO, Absorption Spectrum

Paul E. Hintze, Henrik G. Kjaergaard, Veronica Vaida, and James B. Burkholder is not WE” cha racterized
The Journal of Physical Chemistry A2003 107(8),1112-1118
DOI: 10.1021/jp0263626 Standard Laser

Tuning Range TRYe)

0.20

0.90 -»> <

Custom Laser
01s 2 sl I > Tuning Range

0.70 (1

f |\
\_/j k 1100 1150 1200 1250

: Wavenumbers [cm™1]

v

Absorbance
=
=
FE—

00 600 TOO mMp SO0 1000 100 12000 (MM 1400 1500

wiermn™
Figure 1. Vapor-phase IR spectrum of H;50; in the range of 500— _
1550 em~!. The spectrum was recorded at 150 °C with a path length H,SO, spectrum is broad

of 100 cm. The reference spectra of H;O and 50; have been subtracted.
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System Innovations

e Extractive measurements are not representative

Heated, close-coupled multi-pass cell
e Cross-duct measurements suffer from alignment

and transmission issues (soot)

Custom, broad-tuning Mid-IR lasers
e Absorption features strongest in Mid-IR

e Absorption feature are relatively broad spectrally

Proprietary, hollow-core fiber optics

22,

e Lasers should be remotely located from hot cell

heated cell

s

Fiber optic cable

Laser \

10
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Lab-based Flue Gas Test Facility LI

UCI University of Eie

-

Callfornla IrV|n
AV - - L
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Lab Testing
U CI University of
California, Irvine

» Controlled conditions with ability to vary:
S0O,, SO,/H,S0O,, H,0, Temperature

» Generate “library spectra”

Wavelength [um]

7.0 7.5 8.0 8.5 9.0 S : AP . \ m
| | | | | e . i = = | gl |y oS
0.9 —+S502-300C ——S03- 30pC H2504 - 185C
: Detector
i SO; Laser H,S0, Laser - _
) " - e
‘E’ 0.7 ECQCL7 ECQCL8 5 .
§ 0.6 7 . '.
‘2 0.5 . : : RS e i
'g 0.4 - S ~ N
%’ 0.3 N = l L e
= 5 Laptop with Control & |y g
o Acquisition Software ; Q%’ " AP
0 L T i i Ree . 4 &' ph
1450 1400 1350 1300 1250 1200 1150 1100 1050 - ' > U

Wavenumber [cm-1]

12
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Higher Fidelity Testing

-_FERCO _ S e ;_ U A ool Gas Burner |

HIL EMERT il CNATIOH

Industrial facility for catalyst testing # 4 " -
'«.;' i

Hot flue gas with ability to add SO, and <02 |njectlon ," . . g

generate SO, / H,SO,

Controlled condensation performed
and utilized as “ground truth”

SO, difficult to measure in presence of
high SO, concentration

Controlled
condensation

13
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Real-time H2S0O4 Measurements

» Laser measurements, real-time updated every second (1 Hz) — can observe dynamics

» Laser measurement precision better than 1 ppm at 1 Hz — better precision possible with averaging

=i i g 1 | 1 =i 3 1 | i 5502 injected Into combustaor s
- - - - - - - - [No H2504 Injection
| ' | | | | — Hasoa
i i ,”"’m’?’&x HZSO4 P 5 B ' Residue
30 — / - ‘\\ -
E | R RE \\‘ L o P | iy
:‘ I'Il i H i H M'\ 1 1 :
o i P 7 b Lo b EN P P i
B 20 f |=ed fench Jursd | | by prefens et :
2 -' | | . . |
< | | . | . | \ <— 1200 laser / |
' ' | § B » o ' » ". = Mmeasurements f
H I 1 m I'*f i
'lﬂ_. f = H i I I X w : |
i i | i [ [ i ] i (I |
. , _ 1 controlled '1
i o _ Z ; _ | ¥ condensation T LlIH
0 f L] Lol - | o L P ... measurement ik
| | L L ™ ™17 UL T T | I | LT TR NS I e — T 1] | i e[ rrrt rr+rrrrrrr[rrrrrt T rw
12:15 Frul1 12:30 PM 12:45 PM 1:00 PM 1:15 PM 1:30 PM
9/10/2020 T
me

Inject SO, in combustor 14
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H2S504 Measurements Vs. Cell Temperature

S 1.0 :

3 — H2S04 calculated ]

? — S03 calculated -

UO) 0.8 ® H2504 measured 3

2 :

2 0.6 :

3 -

3 C

e S R . ™ & = :_
H.SO, 59 E-

200 250 300 350 400
Temperature, C

200 800 1000
Equilibrium Temperature, 15
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Power Plant Test Site

feteseiey 1D
Harrison Power Station

» Haywood, West Virginia§

} 3 x 700 MW units |

FirstEnergy
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Measure at Output of SCR

Test Location
) m
ACI For Hg
BOILER | i
I !
Rt =
APH || | — ==t
Potential DSI '\.\/’ | f =15+ ESP/FFIX __'_[:F FGD ¢ |sTACK
For S0, & HCI | .m E b b |
| | B i i
i i I Potential Sorbent
i | Injection
. S R S b S i
J D

17
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ments

Parallel Measure

b \
b
B s

l= ELECTRIC POWER {
C El ‘ RESEARCH INSTITUTE i

» Site coordination / test management

'b‘ optoknowledge
» Laser (H,SO,, SO,, H,0)

FOESIL ENERGY N CORPONATION

> Controlled condensate wet chemical
measurements (SO; + H,SO,)

Orio
4UME)(

» Sorbent trap measurements (SO, + H,SO,)

18
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» Real time concentration 1 second update g "
» Tried two different probes
» Conducted tests at different cell

temperatures

H,SO,

i Mo Wl
bl }“n"ﬂ\‘“)\\v”’r”' N My
e i m‘\,“»iw»/ (Vjvn.\,vw\fwﬁ"",'v‘w“wka;w

Hz80,, ppm

n A
\ Al A
w Sy il
\ ;w\ 4 Wy

. H,0
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UCl & FERCo
Laser Meas

=2l

urements

N s s - - _—

PIMS P e L

. T

10:00 AM
31712021

10:05AM 10:10AM

10:15AM 10:20 AM 10:25AM 10:30AM

Time Stamp
19
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Laser Measurements

H,SO
20— 274 N, Purge N, Purge
E
o
Q20 Cell: 250C
s
'e) . P
8 10- Sampling: “C Cell: 250C
T 0 Sampling: “D”
X H,O
60 x10° — ™ reritrss iR B i SNt et - - o
£ 40- [
Q- -
S
= 20-
0 SOZ J L/
£ 2000 -
o
< 1500 -
S 1000
500 J
0_|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
12:30 PM 1:00 PM 1:30 PM 2:00 PM

Time Stamp (Local Time)
20
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Load | Sampling | Laser Cell
Setup Temp

* FERCo

Measurement Comparison

N
TL
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H2504 [ppm] | Total: H2504 + SO3 [ppm] m H20 [%]

3/16 700
700

3/17 650
650

3/18 545
545
545
545
625

o o o o0 0O 0O ™ W r

300C
250 C
250 C
300C
250 C
250 C
250 C
250 C
250 C
250 C

0.59
5.5
16
10
24
25
25
28
30

1 42 36
7 41 34
21 46 44
21 45 42
35 54 47
36
37
41
42

2944
2985
2795
2717
2433
2470
2447
2366
2527
2600

2979
2979
2940
2940
2663
2663
2663
2663

7.8*
6.8*
6.8
6.8*
6.7*
6.8*
6.9*
7.3*
7.3*

7.03
7.03
6.77
6.77
6.23
6.23
6.23
6.23
6.57
6.77

* H20 measurements with cell at 250 C using library at 300 C are adjusted by a scaling factor

21
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Project Overview and Status

» Just wrapped up 3rd-year of project
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» Two rounds of prototype development and testing to increase the Technology Readiness Level (TRL)

» Testing in laboratory (UC Irvine), industrial (FERCo), and Power Plant (Harrison Station) facilities

Project Status

» Successfully demonstrated ability to precisely measure H,SO,

Successfully demonstrated at a coal-fired power plant

>
» Developed path for commercial SO, / H,SO, sensor
>

Industry feedback: “We need a solution now”

03/2018

09/2018

03/2019

09/2019 03/2020

09/2020

03/2021

Ql

Q2 Q3

Q4 Q5

Q6 Q7 Q8 Q9

Q10 Q11

Q12

Alpha Prototype ‘ Testing

‘ Beta Prototype ‘ Testing ‘ Power plant

22
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UCI S b

Industry
partner
T FERCo
so SO3/H2504
TRL 4 RAPID Ph TRL 8/9
- SO3 Project H2504
TRL6
Related SBIR Project: Real-time Analysis with Pseudo In-situ Detection (RAPID)

ELECTRIC POWER
RESEARCH INSTITUTE

=2l

Real-time, Close-coupled, Multi-species Gas Analyzer (SC0020879)

04:00 PM
Jason Kriesel, Opto-Knowledge Systems, Inc.

23
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» A continuous SO; / H,SO, monitor is needed to
optimize sorbent injection

» Mid-IR Laser spectroscopy solution

» Advancing the state of the art
= Broad tuning Mid-IR lasers
= Hollow core fiber optics
=  (Close-coupled, heated multi-pass cell

» Technology proven with 1 ppm sensitivity of
H,SO, at 1 Hz at a power plant

» Working on dual laser: SO; and H,SO, system

Contact: jason.kriesel@optoknowledge.com

f; Electrical (BNC) cable

_—

multi-pass
cell

5

Fiber optic cable

Laser
monitor’locations
I AC| For Hg
BOILER Gombol
U L
P | DS LL ESP/FFDC _Err.r:u
rﬁ?s"é’fu& = ﬂk

U U Sorbent
| Injection

O

This material is based upon work supported by the Department of Energy Award Number FE-0031560
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