Impurity Analysis and Process
Monitoring in Pure CO, with
Cavity Ring-Down Spectroscopy

DLICS

High-Performance Gas Analyzers
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What Can We Detect?

Extensive Analysis Capability from PPT to % Levels
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Where Can We Detect?

Compatibility with a Large Array of Background Gases

inert & Passive Gases (IO OO O O
Oxygenated Gases @) ED G O @ O
Corrosives OO
Hydrides i Lo Lo Lo S e
Fluorinated Gases () (3 @ @

Various Mixtures (stack gas, Syngas, ambient air etc.)
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Advantages of Tiger’s CRDS Technology
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Unparalleled Sensitivity

Absolute Measurement

No Calibration Needed

Intrinsically Linear
Wide Dynamic Range

0

HIGH QUALITY

LOW COST

Non-contact Measurement
Fast Speed of Response

High Specificity &
Versatility

Exceptionally Low
Cost of Ownership
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CO, Matrix: Selected Applications & Markets

4

Semiconductor/Purifier Makers

o

« Photolithography

Beverage E—@ Wﬂ
L_'_ . PPM level H,0 and NH, "
m "vl

/Q

« Trace O, in electronic grade UHP CO,

* Process control guideline species

Gases & Chemicals ~ ,.:_\;
 Trace HCl in product CO, N

« CO, gas manufacturing, purification,
and liquefaction plants
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Trace O, in Electronic Grade UHP CO,

Fast, quantitative conversion of trace oxygen to water*

O, Analyzer _
Sample Inlet ~ 1000 sccm
—
Selective Purifier
—
H2 Supply Purifier

Reactor

>
: To Vent

*U. S. Patent # 7,255,836—Lehmann KK, et al.
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Trace O, in Electronic Grade UHP CO,

7000
Trace O, Intrusion of a 400 ppm O, in N, Mixture Gas Standard diluted by
a large excess of purified N, or purified CO, under the same flow conditions
6000
—=—02 Intrusion Level
— 9000 = LaserTrace-O2 Reading in N2 Matrix
Qa
e —=—LaserTrace-02 Reading in CO2 Matrix
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§ Switching diluting gas from
= purified N, to purified CO,
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1000 - -
Switching diluting gas from
purified CO, to purified N,
0 I I I I I I I
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Time (hh:mm)
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Trace O, in Electronic Grade UHP CO,

1500
—=— 02 Intrusion Level in CO2 Matrix
1250
—=— LaserTrace-02 Reading
r-)
o
=
o 1000
o
=
|
)
)
£ 750
o
3
5 :
S : 4 ~Coygen,
o Readi
O 500 | §§ 3 Zoomed in |
[ 5 é
& Qo 2
= 2 £ | Trace O, intrusion of
8 a 400 ppm O, in N,
250 | - ‘: ! 1121 212 Mixture Gas Standard
%3 fime (hh:mm) : diluted by a large excess
T of purified CO,
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Trace H,0: A Key Guideline Species in Beverage CO,

60
-=-Spark H20 in CO2 Reading (ppm)
50
40 N
30 Wet CO, --> Wet N,
with 40 ppm H,0
20
Dry CO, -->
10 / Wet CO, with 40 ppm H,0
0
15:44 15:58 16:13 16:27 16:42 16:56 17:10
Time (hh:mm)
Parameter Rationale '
Purity 99.9% v/v min. Process ) )
Acidity To pass test Regulatory of Beverage Technologists)
Oxygen S0 ppm viv max. Sensory Carbon Dioxide Guidelines
Nitrogen compounds
Ammonia 2.5 ppm V/V max. Process
Nitric oxide/nitrogen dioxide 2.5 ppm v/v max. each Requlatory
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Trace NH;: A Key Guideline Species in Beverage CO,

HALO 3 NH;: NH; in CO, Span Challenge

12000
10000 r-i
=
Q.
g 8000 \ // /
lén
5 10 ppm NH;
3 6000 in CO, Intrusion 10 ppm NH;,
r in N, Intrusion
z before switching
o 4000 tozeroN,
(]
—
<
T 2000
HALO 3 NH;: Purified CO, Zero Baseline Run

10 0 S——
15:15 15:43 16:10 16:38 17:05 17:33 18:00
Time (hh:mm)

1
g s
= ISBT (International Society of
o 4 Beverage Technologists)
=S Carbon Dioxide Guideline:
? NWN‘-“ Ammonia 2.5 ppm v/v max.
0
11:15 11:45 12:15 12:45 13:15

Time (hh:mm) Tige[@]‘tics n




HCl in Product CO, Pre and Post Chloride Adsorber

= Application LDL/Range:
50 ppb/10 ppm | ¥

= LDL Limiting Factor:
CH, @ 115 - 243 ppm

= Application LDL/Range:
5 ppb/4 ppm

= LDL Limiting Factor:
CH, @ 117 - 249 ppm

Analyzer Baseline in CO, with CH, presence

100
+ CH4inCO2 179ppm
5 CH3inCOZ 115ppm
5o 4 ll. Start 179 ppm CH4 in CO2 sample = CH4inCO2 243ppm
oy
s 5
Bp v M
c
5 0
© F et . e
&« g \
G 25
T N
Q
I -50
r 3, Start 243 ppm CH4 in CO2 sample
75 -
-100 . . . . . . :
13:08 13:28 13:48 14:08 14:28 14:48 15:08 15:28 15:48

Time (hh:mm)

Tiger-i-2000 HCI Reading (ppb)
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Analyzer Baseline in CO, with CH, presence

~+-CH4inCO2 183ppm
CH4inCO2 117ppm
=+—CH4inCO2 249ppm

r_(—o“
/

3. Start 249 ppm CH4 in CO2 sample

1. Start 183 ppm CH4 in CO2

Time (hh:mm)
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HCl in CO, Span Calibration Test

1500
—+—1 ppm HCl in N2 Matrix
1250
—+—1 ppm HCIl in CO2 Matrix
-g_ 1000
=
oo
=
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S 750 A
oc
[ Switching from CO, to N, matrix
g while keeping HCI intrusion level at 1 ppm
&' 500
o
250
0 T T T T T 1
17:01 17:28 17:56 18:23 18:50 19:17 19:44

Time (hh:mm)
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Tiger CRDS Measurement Capability in Pure CO,

H,0
H,0
H,0
NH,
HCI
HCI
H,S
co
CH,
HF

N,O

5 ppb
0.8 ppb
0.6 ppm

5 ppm
2.5 ppb

5 ppb

50 ppb
0.1 ppm*
0.4 ppm*
0.1 ppm*
0.5 ppb*

0.1 ppm*

*Subject to development testing

5 ppm
25 ppm
600 ppm
2%

30 ppm
4 ppm
10 ppm
500 ppm
3000 ppm
500 ppm
1 ppm

1000 ppm

Electronics/Photolithography/Purifier Maker
Electronics/Photolithography/Purifier Maker
Beverage/Gas Manufacturing
Nuclear Industry/coolant CO,
Beverage/Gas Manufacture
Gas Manufacturing Post Chloride Adsorber
Gas Manufacturing Pre Chloride Adsorber
Beverage/Gas Manufacture
Beverage/Gas Manufacture
Beverage/Gas Manufacture
Multiple

Multiple

S ([H]




= CO, is an important gas matrix used in a diverse range of industries, from
semiconductor and purifier makers, to beverage, as well as gases & chemicals

= Tiger CRDS can detect critical impurities in pure CO,, such as O,, H,0, NH; &
HCl, over a wide concentration range in various process control scenarios

= An innovative partner with customers in addressing challenging, real-world
applications, Tiger looks forward to more exciting, new developments
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