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ISBT Bev-Gas Quality Challenges

e As beverage production grows, continuous
quality testing becomes v important

® CO1 Quality Assurance is a complex technieal

challenge

e All dream of a "Magic Box” that can quickly
monitor the entire ISBT Impurity List




ISBT CO, Purity Guidelines

“The List”

CO, Purity

99.9% min

Process

Moisture (H,O)

20 ppm v/v max

Process

Oxygen (O,)

30 ppm v/v max

Sensory

Carbon Monoxide (CO)

10 ppm v/v max

Process / Regulatory

Ammonia (NH3)

2.5 ppm v/v max

Process

NO / NO,

2.5 ppm v/v (ea) max

Regulatory

Non-Volatile Residue (NVR)

10 ppm Xx/X max

Sensory

Non-Volatile Organic Residue (NVOR)

5 ppm w/w max

Sensory

Phosphine (PH,)

0.3 ppm v/v max

Regulatory

Total Volatile Hydrocarbons (THC) &
TNMHC

50 ppm v/v max — including
20 ppm v/v TNMHC

Sensory

Acetaldehyde (AA)

0.2 ppm v/v max

Sensory

Aromatic Hydrocarbon Content (AHC)

20 ppb v/v max (as benzene)

Regulatory

Total Sulfur Content (TSC*) less SO,

0.1 ppm v/v max

Sensory

Sulfur Dioxide (SO,)

1 ppm v/v max

Sensory

Odor of Snow

No foreign odor

Sensory

Appearance in Water

No color or turbidity

Sensory

Odor & Taste in Water

No foreign odor/taste

Sensory

Supplemental HCN / Vinyl Chloride

None detectable—best method

Report




Where Does SIS Technology Fit In
vs Traditional ISBT CO, Analyzers?

« CO, Purity:  Zahm/Nagel or GC/MS

Data S*aftion

* Moisture: Dew Cu [l




What Is Soft lonization Spectrometry?

SIS is a Mass Selective Analyzer:

CO, Sample is continuously injected into a Low Energy
lon"Beam of Hg* or Xe* or Kr* = soft ionization gas (S|

Sample impurities (analytes) softly fracture into only a few
characteristic ion fragments

— Fragments are size-separated by a scanning RF field.
Software-selected analyte ions are counted by a pulse
detector

— SIS Display = “impurity hit list name + ppm level” =
total analysis time = a few seconds

So, Tell me more about how this SIS thing works




The “Soft lonization” Process
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IS4 The “Soft lonization” Process
Soft lon Gas In SIOW MOtIOﬂ Scan-Selected
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SIS Analyzer System + Std Prep/Support Equipment

Our Evaluation System

Sulfinert
Passivated Std

SIS Data Station PVQ,P-' ssembly




SIS Analyzer — Under-the-Hood

_ TOPVIEW

RF Filter Control

Inlet Pressure Sensor

Xe & Kr Pressure Gauges

Inlet # Press Make-up

SIG-Sample

Collision Zone
A Inlet Pumpdown
SIG Filament Ass’y

e 73 kSample/Std/Zero Gas

Inlet Ports




SIS - a “New Application” of
an Established Technology

® SIS is a relatively “mature” technology
® Traditional Applications:

— Environmental Air Testing
— Combustion Kinetics / Catalyst Testing

Applications where many analytes exist for only
milliseconds & must be quickly quantified

® Recent: European CO, supplier QC + PET
bottle recycling / testing




So, How might SIS work In the
“Real World” of Bev-Gas Testing?

Our R&D Objectives

e Develop SIS Methods (SIG, AM, Scan, Count)
for key ISBT-listed CO, impurities

e Evaluate: LDR / Sensitivity / Precision / Accuracy
& DL vs ISBT Method Guidelines

e /dentily potential interferences + their influence +
develop corrective actions

e Evaluate: Analysis - Calibration Strategy + SIS
Ops & Maintenance Requirements




SIG & AM Selection Process

Sometimes its “easy”

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status Tools ‘Window

Mass Scan-Hg

Maolecule | Waluz | Llrit | Cps | XA...|

g i VG

AM = Analytical Mass

SIG = Hg ; ; ; ; ; ;
Evaluation of -..Ethyl Benzene +.
BTEX g g g g . omp Xylenes
Frag Patterns ; ; ! 5 . .

Low ppm -
BTEX in CO2 . Trace 02
Standard i AM = 32

L

Trace NO

imp
Zero COzi!
AM =30




SIG & AM Selection Process — The “Frag Factor”

(Sometimes its not-so-easy)

Zero COg
Reference

—AM = 44 = CO2 Parent

Trace AM =45 V&F Viewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]
CO2 Isotope Pk 2 M o T -
P 4 Fle Configuration Status Toals Window:

Mass Scan-Hg o N
T} T ) A i ] & I S} N .1 % 8
| [ vt v 111 A C e i 1 1,000,000

BaSiC SIG & AM StUdIeS Molecule | Value | Unit

AM =44 800000
Acetaldehyde

i POSGRS  [E W R N R R S
Needed to ID potential : B TV S A O P

Interferences for design of o LCC’“afEQ*;\A ,,,,,,,,,,,,,,, R
) Major _ Possible CH3
Appropriate Software &  Aw=43Fag_ | FEgPeimts  -fSioss.

58 - 15 43

Calibration Routine y B """""""" """"""" """""""" """""""" """"""""

Corrective Measures So: Acetone O e scone
will interfere j f : : : : : : :
with AA unless
software

correction madj
»

1}

4 | 710 50 100

dstart| | &% v&F Viewer 1.1 - [ Ai.. 5] acctone SIS Method Dev... &% 2D R 13 an




SIS - Aromatic Hydrocarbon (AHC) Data

(ISBT CO, Limit = 20 ppb v/v as Benzene + report all other target AHC'’s)

Our Results

AHC LDR Interference (s)

ppb v/iv

LT O -
Benzene 1000+ None found-te-date

Toluene &(-)I-O%-;— None found-to-date

Ethyl
Benzene

None found-to-date

+ Note: EBz + Xylenes

measured as Total

o,m,p

Speciation Information B-T-EX

Use of Benzene Cal Gas for Indirect Cal of TEX works v. well




SIS Data: B-T-EX in CO, @ 28 ppb v/v level

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

74 File Configuration  Status  Tools  Window

s Koo B-T-EX Method 1

% [00.02:00 = | [ppb] EtBz+yl 106~ |

~ Standby [ppb] Benzene -78 ﬂ
250.0

~ Calibrate E0.0

__ 60 ppb mark | | |
= o (BBT) S T -

Molecule | Walue | Unit | Cpz | 0 |
M Benzene -78 270 pph 2BM 15
M Toluene -92 288  ppb 2269 17
I EtBz+ul -106 1159 pph G424 1.0

B-T-EX Std in CO2

Benzene + Toluene
@ approx 28 ppb v/v 9

EX =116 ppb viv
ISBT max = 20 ppb

Zero CO2 ~ \kﬂm

2225 45 22.25 00 22.26 20

22:26 40 22:27 00 2227 20 2227 40

2 B« 23 s

.ff_'Startl | 27 V&F Viewer 1.1 [ Ai.. 1] Docmentl - Microseft .. |




SIS Data: B-T-EX in CO, @ 15 ppb v/v level

Y&F ¥Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]
J4 File  Corfiguration Status Tools  ‘Window

Sample inlet [mbar]

: U
izl

B-T-EX Method

[ppb] Benzene -78 j

5 |0n0z:01 = | [pRb] EtBz+yl 106~ |

SN i i | | i e
60 ppb scale mark

|

Malecule

| walue | Unit | Cps IET

B Benzene 73
B Toluene 92
W EtBzexyl 105

146  ppb 1520 21
146  ppb 1157 24
B05  ppb 3369 1.4

ISBT 20 ppb
AHC Limit

Benzene +Toluene
@ 15 ppb viv

EX @ 61 ppb viv | |

Zero CO2 L

0.0 ppb viv T

D : T : TN IRERM T
22:34 40 22:35 00

ot - 00
2236 20 2236 39

2 B« B 2orem

22:35 20 223540 22:3500

.ff_,-Startl [+ veF viewer 11-[ Ai.. ®]Documentt - Mrosot ... |




SIS - Volatile Sulfur Compounds (VSC) Data

ISBT Limit = 0.1 ppm v/v as TSC* = sum of VSC target impurities excluding SO,, SO, = 1 ppm v/v max

Useful Speciation information achieved

VSC

SIG

AM

LDR

ppb viv

DL

ppb viv

Interference (s)

H,S

Hg

34

LT 5

PH, @ AM = 34 (Note: PH, =
Rare)

Xe

10

LT 5

None found-to-date

SO,

64

None found-to-date

48

None found-to-date

CS,

76

None found-to-date

+

62

Vinyl Chloride (VCL) AM = 62,
correct using AM = 64 isotope
(Note: VCL =rare)

Note: Measures Total DMS|+
EtSH




SIS Data: VSC in CO, @ 110 ppb v/v level

Y&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]

‘;'4 File Configuration Status Tools  MWindow

5 VSC Method — = A
[ppmCOS-60 | 3 |00:0%:00 = [lppmiH2s -3¢  ~]
0.200 ; ; ; ; ;

l\s\o.zéppmé N
DB - - - - - 2= - - o = o oo S e el
| — — E scale mark ! 5 E i
Malecule Walue Urit | Cpz N E E 1
MM s0z-54 010 pem 4033 20 5 fDI‘E COoS
AW cos -50 0116 ppm 11185 1.2
EFE O MeSH-48 0109 ppm 15845 1.8
M Hzs - 34 0126 ppm BO200 32

H2S = 0.13 ppm+
COS =0.12 ppm ~_|

S02 =0.11 ppm —
ISBT —>
TSC* Limit
0.1 ppm viv

Zero CO9

Std

0:05 20 01:05 40 01:07 00 0:07 20 01:07 40 0:08 00 01:08 20 01:08 40 01:09.00

I

0.000

:f__'Startlltrj W&F Yiewer 1.1 - [ Ai... 2] YSC 515 Method Develop...l & BB e« i3 41pm




SIS Data: VSC in CO, @ 60 ppb v/v level

¥&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]

;'d File Configuration Status  Tools  WWindow

Sa et [mbar] 1, Ml
VSC Method : i W/l

[ppm] COS - B0 % [o0:0z:00 = |bpmiH2s -3¢ |
- Calibrate 2100 ' ' ' ; ; ; ; ; ;

e

Molecule | Yalue | LInit | Cps | XA...| Scale mark :

M 0z - 64 005 ppm 2715 25 . for COS
M cos -E0 0059 ppm E472 16 ! : ;
[ MeSH-43 0057  ppm 8490 24 : :
W H2S - 24 0058 ppm 2500 45

H2S = 0.06 ppm\
COS =0.059 ppm~_]

S05=0.05 ppm —

Zero CO9 Std

0.000 ppm mark — m\\s\ A A4 00m

0.000 ; 7 S : | ; ; ;
011822 01:18 40 01:13 00 01:1320 01:19 40 01:2000 01:20 20 01:20 40 01:21 00 01:21 20

.rf_-start| | 27 v&F viewer 1.1 -[ Ai. ]vsC 515 Method Develop. . | & BEl e« H R 423pm




SIS Data: VSC in CO, @ 13 ppb v/v level

¥&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]

;'d File Configuration Status  Tools  WWindow

= Measure VSC Method

- Standby lppml COS-60 =] % [00E:00 =

— Calibrate 0.025 E E
\\ 0.025 ppm

Sawve..

moar) T |
g gl

scale mark

Molecule | Yalue | LIt | Cps | XA |
COMz0z2-64 002 ppm 1583 33
M cos -E0 omz  ppm 2738 25
[ MeSH-43 0013 ppm 2395 46
W H2S - 24 0M3  ppm 990 71

H2S = 0.013 PPM—__|
C0OS =0.012 ppm —|

S095 not shown =
below DL @ SIG = Xe

0.000 ppm -
mark

01:37 20 07:37 40 01:3800 038711

& BEl| e« H R 4d0Pm

-0.M 0 ; ; ;
01:3611  01:36 20 01:36 40 01:37 00

@y 5tart| | 27 v&F viewer 1.1 -[ Ai. ]vsC 515 Method Develop. .




SIS - Volatile Oxygenated Compounds (VOX) Data

ISBT Limit = 0.2 ppm v/v as Acetaldehyde (AA) + Speciation information needed for THC/TNMHC calcs etc.

VOX

SIG

AM

FR = Frag

LDR

ppm v/v

DL

ppm v/v

Interference (s)

Hg

43

LT 0.1

Acetone = Major INT, i-PA =
INT, i-Butanes = INT, n-
Butane= minor INT

Hg

46

LT 0.1

No effect on AA, NO, = INT

31fr

LT 0.1

No effect on AA, EtOH / hPA
= INT

45fr

LT 0.1

No effect on AA, DME = minor
INT

Butanol

56fr

LT 0.1

No effect on AA

Acetone

58

LT 0.1

Major AA effect, Butanes =
INT

70"

LT 0.1

No effect on AA




SIS Data: VOXin CO, @ 2.5 ppm v/v Acetone /0.00 AA — INF Corrected

Key to Success is having accurate Interference Correction Data

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]
‘,'d File Configuration Status Tools  Window

AA + Acetone Method - I E— s | ""”||HM|IIII""

- Standby

[omls-43 x| % |0n02:01 =5

~ Calibrate 5.00

Sawve..

. ; ; scale mark
Molecule | Walue | Lnit | Cpz | °/oA...| ' ' '
EM scetore-58 24 ppm 236783 03 ; ; ; ; for Acetone
W s - 43 )| ppr 70,708 01 g : : : :

I[ppm] Acetone - B8 j

Acetone Std = 2.4 ppm viv
in CO2 with 0.00 ppm v/v
AA present

Software Interference

Factor (INF) % Correction
applied

2.48 p[.'f)m viv

e @S PPMVIV. L A N S D AR - AR 20

Acetone in COg| -

INF Corrected AA

measurement = 0.00 ppm ~L
viv

|
WIRTTRTT TR

; i 0.0
01:09 20 01:09.40 01:10.00 01:10.20 01:1040 01:11 00

& B« H i siuzem

e ol

009 03




SIS Data: VOXin CO, @ 2.5 ppm v/v Acetone + AA — INF Corrected

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status Tools  \Window

=t
| stop AA + Acetone Method -
[oomlds-43 <] % Jooo1m = |lppm) cetane - 58~ |
s \ e e e e s A
|

Molecule | Walue | Unit | Cps | b : A_A
M Acetone -58 253 ppm 239270 0.3 :
| e -43 250 ppm 264,323

. DT

, 50ppmviv N . S0ppmviv.
] scale mark for | scale mark |

fo:r Acetone

INF = ON

2.5 ppm viv Acetone -,
AND
2.5 ppm viv AA —

(software corrected AA
value)

002 ; ; ; | ; — 0.00
| > 03:26 20 03:26 30 03:26 40 0326 50 03:27 00 03:27 10 03:27 20

47 W&F ¥Yiewer 1,1 - [ Ai.. 3]%0x 515 Methad Develop. . e @| [ e i 729PM




SIS Data: VOXin CO, @ 2.5 ppm v/v Acetone/AA if NO INF Correction

¥&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]
‘,’4 File Configuration Status  Tools  Window

AA + Acetone Method g e o VI
el &b -43 7] % [00.01:01 = |ippml cstone - 58 =]

15,00 R | : : ; : - 500
15.00 ppm viv /i

1350 :

scale ‘mark

tolecule |Value | Linit | Cpz EX E H H E E
EIM fcstone -58 256 ppm 242,233 _ : : : : : for Acetone

] Jos 43 1165  ppm 1,012,953 0. 1200--;“ ------------------- """"""""""" ----------------- ---------------- ------------------- *400

1049--?1--2 5 ppm AA-in- CC}Z std- apﬁears as an 11 6-ppm- Wv AR+ 380
INF = OFF level without Acetone Correction Fac‘tor” |

B89 b ;, ------------------- ;, ------------------- ; -------------------- D, : auu

a 2.5 ppm vi/v AA level
appears to be an 11.5
ppm AA level in
presence of 2.5 ppm viv
Acetone - without
Acetone INF correction
applied!

; ; ; ; ; L ogo
032850 03:23 00 032510 032320 032930 03:29 40

&£ @| [« 731PM




SIS Data: VOXin CO, @ 0.27 ppm v/v AA + Acetone INT Correction

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status Tools  \Window

. DT

Sar et
| Stop | AA + Acetone Method -
[oomlds-43 <] % Jooo1m = |lppm) cetane - 58~ |
| ; ; ; ; —

scale mark § § i scale mark
Molecule | Walue | Urit | Cps f 1 H : .l:or A:CETOHE

[ Acetone -58 0030 ppm 30,405
pprm /3918

Acetone = 0.3 ppm viv

0.27 ppm viv AA in CO2
(Acetone-Corrected)

ISBT 0.2 ppm viv AA Limit

002 : ; ; ; ) — 0.00
| > 0357 10 03:57 20 03:57 30 0357 40 03:57 50 03:58 00 03:5810

47 W&F Yiewer 1,1 - [ Ai.. 3]%0x 515 Methad Develop. . & @| [« 3% 8:00pM




SIS Data: VOXin CO, @ 0.1 ppm v/v AA + Acetone INF ON/OFF

Y&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status  Tools  Window

= iaaain AA + Acetone Method - Elﬂ g

~ Standby [pmas-43 7| % [onon:0r = |ipemlacetone 52 ]

- Calibrate 1.00 i T i i i i 1.00

‘\1 0 : : : : : /‘
Ppm viv | | | |
Bue. oS _qalg__ma_r_k_fg_r__AA__________;___________________j___________________j_;_cqafép;n"a‘#‘;m

Molecule | walue | Urit | Cps %4 I I I I I Acetone I

M Acetone -58 014 ppm 16,237
0.78 ppm 116118

AA = FAIL!! =
False Positive
Fallure

Effect of INF @ ISBT
limit region

ISBT 0.2 ppm v/v AA Limit

N

0.14 ppm AA in CO, N

0.14 ppm viv AA in CO2 ;
Std - INF Corrected § ; INF Turned OFF at this pomt

0.00 ; ; ; ; ; ; - 100
040535  04:05 40 04:05 50 04:08 00 04:08 10 04:08 20 04:0 30 04:08 35

a @| [« 32 sw08PM




SIS Data: VOX in CO, @ 0.07 ppm v/v AA —if No Acetone present

Y&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status  Tools  Window

& inlet
AA + Acetone Method
[l -43 ¥ % [oo:02:01 = | ippm] 4cetone - 58 |

T 0.2ppmyivISBT Limit A — o

O |
oo -]

0.50

- Calibrate 0.20

Molecule | Walue | Lrit | Cpz
B Acetone -58 000 ppm 2,998
W o423 n.o7 ppm 73,257

Low level AA
response in absence
of Acetone
interference

0.07 ppm viv AA in CO2 -7

(Acetone = 0.00 ppm v/v)

Zero C02'-

-0.02 : ] ; ; : : o
| 02:58 40 02:59 00 02:59 20 0259 40 030000 030014

&£ @| [|e« 3 7i02PM




SIS - Volatile Hydrocarbons (VHC) Data

ISBT Limit = 50 ppm v/v THC as Methane including 20 ppm v/v max as Total Non-Methane HC'’s

VHC sic | AM | LDR DL Interference (s)

ppm v/v ppm Viv

CH4 Xe 16 LT 0.5 None found-to-date

Ethane Xe 30 LTO1 NO = INT (AM = 30)

Ethane = Minor INT, ETO =

Propane 29fl‘ LTO.1 INT @ Frag =29, n-Butane
= Minor INT

N-Butane 58 LT 0.1 | Minor INT for AA,

N-Pentanel A21r LT0.1 | ID@AM =72 Parent

Note 1: n-Pentane C-C-C-C-C —* C—(J.E—C (AM=42)

Other VHC's not studied-to-date




SIS Data: VHC in CO, @ 2.5 ppm v/v Level -2 Propane INF's ON

¥Y&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]
74 Fille  Configuration Status  Tools  Window

x
VHC Method T

- Standby [ppm] Ethane-30 7| % [ o000 = { [ppm] Propane Frag- > |
- Calibrate 50 ; ; ; ; ; ; 50
| | | | | |

BB - oo Lttt LEEEEEE foeene 45
Maleculs | wale | Unit | Cps | za i i i i 10_5 ppn@:'l i

[/ O n-Butane-58 25 ppm 254790 0.4
[#/] B Ethare - 30 27 ppn B2Z2I0 13 4.0
M Fropane Frag2a.00 2.3 ppm 405895 0.3

B H Methane - CH4 28 ppm 2053 35 CH4 @ 2.5 ppm WV

4.0

INF correction to
Propane from n-Butane
presence = ON

INF correction to
Propane from Ethane
presence = ON ! :
o Propéne @ 2.3 ppm ViV
ISBT Limit =50 ppm vi/v (gorrected) : 6.9 ppm vV ag
including 20 ppm v/v as -

TNMHC '

TNMHC Limit = 20 ppm v/v
(as Methane THC/FID equiv)

01 ; ; ; ; ; ;
02:33 48 02:33.00 02:33 20 02:39 40 02:40 00 02:40 20 02:40 40

.'f_'Startl Il,“'j ¥Y&F Yiewer 1.1 - [ Ai... -EB YHC SIS Method Develop... f @ _H @ ‘_:5 6142 PM




SIS Data: VHC in CO, @ 2.5 ppm Vv/v Level - 2 Propane INF’'s ON/OFF

¥&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status  Tools  WWindowe

UHC Methos o
[ppm] Ethane - 30 ﬂ # IDD:E::DD = I[ppm] Fropane Frag-j

Malecule | Walue | Llnit | Cps | ZA.
O nButane58 25 ppm 253760 04
M Ethane - 30 27 ppm ELI00 1.3
M Fropane Frag29.00 29 ppm 513155 03
M tethane - CH4 31 ppm 2255 33

value of 2.3 ppm viv 1 R Y AN R A Ethane@zo .
in CO9 n- Eﬁutane @ | | : ppm viv
) 2:5 s:epm viv__ i BOTHINF's for |

| Propane correctlon

TURNED OFF

INF Corrected Propane 7‘ iEthane @ 52 5

Importance of
Interference correction
depends on ISBT limit
challenge & application

015 ; ; ; ; ; ; - 0.0
024011 024020 02:40 40 02:41 00 024120 02:41 40 024200 02427

.rf_-start| | 27 vaFviewer 1.1-[ A U] VHC SIS Method Develap. . & B 2D 3 esarm




SIS Data: O, in He/CO, @ 40 ppm v/v = Effect of Cal Gas Matrix!
Use of CO,-based Cal Gas Stds is recommended for all Analytes

¥&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

‘,"d File Configuration Status Tools  Window

= eesre [ o)

02 Method : v VG

Molzcule | Walue | Llrit | Cps | XA...|

M 02 Isotope-.. 0O ppm 577 27
FAMoz-32 40 ppm  E1,738 05

40 ppm O» in He
Std
SIG / Gas Matrix
Effect
Problem - dilution in
CO» produced much
lower than expected
signal + valve-inlet
problems

Inlet Hardware Mods

+ Oo in CO» Stds
Needed= Future
Work

[ppm] 02 - 32

I[ppm] 02 lsotope - Ej

50

- i
21:54 20

; ; I
21:56 40 21:5700 2157 14

t .r}_’_-startl | 27 vaF viewer 1.1 -[ Ai. )02 SIS Method Develop...
i |

& BE|« 23 1sapm



SIS Data: H,O in CO, @ 8 ppm Vv/v Level
Use of Indirect H,O Cal Method @ SIG = Xe is viable option

¥&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status  Tools  Window

m Measure

~ Standby

H20 Method -

Sample inlet [mbar]
Cal 2 -

[ppm] H20 18

% | n0{EE- 00 ==

I [ppm] HZO Isotope-Ej

Limit=20p
H20

i

Molecule | Walue | Lt | Cpz | b
[F1 M H20 lzotope-200 8.4 ppm 3,769 13
W Hz0 18 94 pem 787707 04

SIG = Xe

AM = 18
Extreme
Sensitivity

AM = 20 (H20
Isotope) =
preferred for |
linear response et
in ISBT range Adsorption

o - : ok : : Fe _---SHgli-ﬁ-Zer&Gﬂs;Oﬁset----- 20
: : : : : . : ds Zero Gas re-cal
approx. 0 - 30 ppm|| | ; T il N S s

0o — ; ; i ; : ; : i - 0.0
1] | » 02710 40 0211 00 0211 20 02:11 40 021200 021220 0212 40 021300 0213 20 021337

& @| [« 32 sm7pm

ay Startl ] Bz 0322086 - Microsoft W.., | 8] BTEx 032206 - Microsoft ... | ] Oxygen in €02 SIS Meth. ., | 8] Hzo in €02 515 Method ., || 47 Y&F Viewer 1.1-[ Ai..




SIS — Data for Other ISBT Listed CO, Impurities

. AM
Impurity FR = Frag LDR DL Interference (s)

IS = Isotope ppm VIV

NO 30 None found-to-date

N02 406 DME = INT AM= 46

NH3 17 None found-to-date

VCI = INT

HCN 27 HCN Lower DL'@ SIG = Xe

+ Kr

VCI 64i5 Use VCI Isotope AM = 64

Note 1: PH, study not completed SIG = Hg, AM = 34

Note 2: CO work was not successful for this ISBT application




SIS Applicability to ISB™

- CO, List

ISBT LISTED IMPURITY

SIS Measurable?

Comments

CO, Purity

NO (but positive CO, ID)

Can'tdo N,, H,, Ar

Moisture (H,O)

=)

Can go sub-ppm range

Oxygen (O,)

Maybe (hardware mods)

Needs O, in CO, Stds

Carbon Monoxide (CO)

NO

Poor Sensitivity issues

Ammonia (NH,)

YES

Needs passivated inlet

NO / NO,

YES (+ speciation)

Some minor INF’s (not common)

Non-Volatile Residue (NVR)

NO

Can’t do particulatesimaon
volatiles

Non-Volatile Organic Residue (NVOR)

NO (but C6+ = Yes)

Can’'t do V. Hi M\AfQliS/grease

Phosphine (PH,)

YES (+ H,S) PH,= RARE

Can’t distinguish from H,S

Total Volatile Hydrocarbons (THC) &
TNMHC

THC = YES
TNMHC = YES

Get CH, + need Algorithm Sum of
all TNMHC'’s vs THA-FID signal

Acetaldehyde (AA)

YES (+ VOX speciation)

Needs corrections for INF'S

Aromatic Hydrocarbons (AHC)

YES (B-T-EX)

V good precision / low DL’S no
known INF’s

Total Sulfur Content (TSC*) less SO,

YES (+ speciation)

Need Algorithm Sum of VSC’s

Sulfur Dioxide (SO,)

=S

Easily Speciated from COS

HCN

YES

V. Low DL no common INF

Vinyl Chloride

=)

V Low DL




SUMMARY
SIS Performance vs Traditional Bev-Gas Analyzers

® Speed: Advantage vs many analyzer systems (e.g. LT 1 min vs 10-20 min for
full ISBT analyte list)

® Footprint: Good vs common analyzer rack systems

® Versatility: Flexible list of monitored impurities vs most traditional Analyzers

® Speciation Capability: Less than GC but advantages vs single analyte
analyzers. Minimizes DT use.

® Measurement Quality: LDR / Precision / DL: equivalent or superior to
traditional analyzers

® Freedom from Interferences: Mixed — Application dependent: For AHC - is
superior to many systems. Awareness of interferences is key to success (e.g.
AA). Proper SIG / AM selection, Sequencing + Software-correction routines are
effective in most cases.

® Calibration: Indirect Calibration = advantage. Recommend CO, based Cal gas
— a disadvantage

® Support: Does not require He, N,, H,, Zero Air or expert/skilled operators

® Maintenance: Need for periodic SIG gas replacement + SIG Filament changes
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