Dual Columns
Dual "Oven"

400 degC Max
FAST
to 300degC per min
300Watts
24VDC or 220VAC
microFID
Micro TCD
Compact ||“|
43x21x29cm j
Capillary il
PLOT !
microPacked °

Restek MXT Columns

-
- HH-

Typical Analysis . . . in 90seconds C2-C60+

Calidus
with LEAP

Process Control GC
NeSSi Cart

UNIQUE!

Targetted Sample

Enhancement
(TSE) |
larger peaks
x15 to x50
water/ methanol/ CO & CO2 TSE Unit Fits
C2-C4s; benzene Inside GC Oven
Post Column Cryo |
VORTEX Cooling
< Emeste e [EEEET 12,
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aboutus

AL CON

 ost Analytical Solutions & Technologles

The Nature of the
Breed
About Falc

Our mission at Igarllcc'JAn Qﬁ'{lﬂ tilc%ﬁls to provide innovative, cost effective chemical systems and
solutions for Measurement, Control and Automation. We develop these instruments, methods and
applications with primary concerns for the needs of the Hydrocarbon Processing, Life Sciences,
and Food & Beverage Industries.

Falcon is committed to producing
B3 e its products and conducting all its
: business in a manner consistent
with the company’s core values.

_|1 l I et We believe that our most valuable

- ’ Wiias - assets are the relationships we hold
with Customers, Employees and Partner Suppliers. We further believe that true success is
achieved when the power of these vital relationships is focused on a common goal.

We believe that analytical chemistry should be easy to use. Sophisticated equipment employed with
intelligence, agility and transparency to the user should be the rule, not the exception, whether in the

£\ mm laboratory, at-line, on-line or in the field.
r
m . s We believe our customers simply want and need the answers. Implementation and operation
without the hassle typically associated with analytical chemistry is required, regardless of the

measurement environment.

We believe micro instrumentation, with applications technology designed to perform the job,
combined with micro sampling, advanced data processing and enlightened interpretation can
provide the solutions most often sought in the modern world of analytical chemistry.

In the Greenbrier Valley of West Virginia, our home community, values like those upheld by Falcon
are as old as the beautiful hills that surround our facilities. A strong work ethic, buttressed with
reliability, dependability, honesty, honor and integrity.

The strength of this working culture has inspired many other instrument makers to locate in this

I want to Fly With The FALCON same region over the years. So many significant technologies were developed in this locality that it
Click here to learn how you can became known as a cradle of the chromatography industry.

be part of our FALCONfast

communications network. Falcon Analytical has benefited immensely by building its roost in the rock of this rich ethical and

technological environment.
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Solutions Driven

Select a general category and a link
below to

,rb\erh/ ew %LCON Solutions for

Stigllﬁt& Leak Detection
app |cat|on

Product Quality

| want to Fly With The FALCON Condition Monitoring
Click here to learn how you can

be part of our FALCONfast
communications network.

Composition Services

Process Control

@onﬂnlgric +61(0)3 9762 2034 | A *—m-:m... 12/13
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analyticaltools

FALCON Analytical produces or provides a number of
primary
technologies. Select a link below to review the

FALCON

!nHancement
I want to Fly With The FALCON
Click here to learn how you can
be part of our FALCONfast
communications network.
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manual & semi automaticsampling

Manual & Semi-Automatic Sampling
Sample Inlet Process ]
for the microFASTTm GC

Automatic trap loading is included with
every microFASTTmGC. In gas mode, a
sample vacuum pump draws the sample (L) Manual & Semi-
from the inlet through the trap. In liquid mode, AUGEELE 25 [l

. (R) Using Gas Sample Bag
carrier gas sweeps the flash evaporated

sample through the inlet into the trap.

Sample loading for either gases or liquids
can be manual via a gas tight syringe
(ground glass plunger) or liquid syringe at the

| want to Fly With The FALCON microliter volume level -- or semi-automated
Click here to learn how you can using a gas shutoff valve or liquid sample
be part of our FALCONfast introduction valve.

communications network.

Implementation

In either case for maximum repeatability,

the GC controls sampling time and inject Implementation of sampling requires:
time, sample quantity for gases, and, - Syringes with 22 gauge needles
combined with the liquid syringe volume, - Sample valves

the sample quantity for liquids. Parker or equivalent for gases,

Valco or equivalent for liquids
- Bags for ambient pressure samples
- Regulated, pressurized cylinders up to 100 psi

- Interconnecting tubing

(L) Manual Liquid Injection
(R) Semi-automatic Liquid Injection
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calidusMicroGC

Falcon Analytical
Introduces the
CALIDUSHw microGC
Faster, Smaller,
Smarter, Easier and

Greener than “
Traditional Gas

| want to Fly With The FALCON

CIi:k hecie t\c/> learn hoew you can Chrﬂmatﬂgraphs

be part of our FALCONfast
communications network.

CALIDUS Yy

micro GAS CHROMATOGRAPH

... Is a fast programmed temperature micro gas chromatograph consisting of . . . heated
split/splitless injection port including septum purge and 3500C maximum operating
temperatures . . . two column modules for simultaneous detection on two individual column
types . . . plug and play, precalibrated and individually programmed temperature column
modules and the ChromPerfecttm chromatography data system running on a Windows PC.
Click on the links below to learn more about this exciting new analyzer.

More New and Exciting Information
from Falcon Analytical Below

*Windows 7 users may experience difficulty downloading this PDF direct from their
browser. If so, please email Falcon Analytical using the link below and we will send
a PDF that will open on Windows 7 systems. Specify that you are requesting the
Calidus Brochure PDF for Windows 7.
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Reference Gas Oll,
15 Replicates

Rep # 0.50% 5.00%| 10.00%| 15.00%| 20.00%| 25.00%| 30.00%| 35.00%| 40.00%| 45.00%| 50.00%| 55.00%| 60.00%| 65.00%| 70.00%| 75.00%| 80.00%| 85.00%| 90.00%| 95.00%| 99.50%
1 241.3 304.6 349.1 394.8 436.5 471.3 500.0 527.3 553.5 577.5 594.6 610.7] 629.3 648.7 668.6 690.1] 712.8 737.2] 765.3 804.4 885.6)

2 240.5 304.4 349.1 394.9 436.8 471.3 500.3 527.7 553.6 577.7 595.0 611.1 629.7 649.3 669.1 690.6 713.3 737.7 766.1 805.3 886.9

3 241.0] 304.4 349.2 394.7 436.8 471.3 500.5 527.8 553.5 577.5 594.6 610.7] 629.1 648.8 668.5 690.3] 712.8 737.0 765.3 804.6 885.7|

4 240.5 304.5 349.1 394.9 437.0 471.4 500.4 527.7 553.7 577.6 594.7 610.9 629.3 648.9 668.6 690.5] 712.9 737.2] 765.7 804.9 888.8|

5 240.9 304.4 349.3 395.0 437.1 471.6 500.4 527.7 553.9 577.6 594.8 610.7 629.3 648.7 668.6 690.2 712.6 737.0 765.5 804.9 886.2

6 240.6] 304.3 349.0 394.6 436.7 471.2 500.2 527.3 553.4 577.3 594.4 610.5] 629.0 648.7 668.4 690.0] 712.6 736.8] 765.2 804.7 887.6)

7 240.7] 304.4 349.2 394.8 436.7 471.2 500.0 527.3 553.3 577.4 594.5 610.4 629.0 648.5 668.3 689.8] 712.4 736.7 765.0 804.0 886.8|

8 239.5 304.1 349.1 395.1 437.3 471.6 500.4 527.5 553.4 577.3 594.6 610.4 628.9 648.5 668.3 689.9 712.3 736.6 765.1 804.4 885.5

9 240.5 304.5 349.3 394.9 436.9 471.5 500.5 527.6 553.6 577.3 594.6 610.5] 629.1 648.7 668.7 690.4 713.0 737.2] 765.4 804.4 885.8]

10, 240.8] 304.6 349.4 395.1] 437.3 471.8 500.8 528.0 553.8 577.6 595.0 611.1] 629.5 649.2 668.9 690.5] 713.1 737.2] 765.3 804.7 887.7|

11 240.8 304.4 349.4 394.8 437.1 471.7 500.7 527.8 554.0 577.7 595.0 611.1 629.7 649.3 668.9 690.4 712.8 737.0 765.1 804.4 885.4

12 240.9] 304.5 349.1 394.9 437.0 471.5 500.4 527.6 553.4 577.4 594.6 610.4 629.1 648.5] 668.3 689.8] 712.4 736.6] 764.7 803.8 885.0]

13 241.0] 304.6 349.4 395.3] 437.3 472.0 500.9 528.1] 554.0 577.6 594.8 610.5] 629.0 648.5 668.3 689.8] 712.4 736.8] 764.9 804.0 885.4

14 241.0 304.5 349.1 394.9 436.8 471.4 500.5 527.8 553.8 577.7 595.0 611.0 629.6 649.0 668.8 690.5 713.0 737.4 766.0 805.2 886.7

15 240.7] 304.5 349.4 395.2 437.6 472.1 501.1 528.1] 553.8 577.5 594.7 610.7] 629.0 648.9 668.6 690.4 712.9 737.4 765.7 805.4 888.4

AVE 240.7 304.5 349.2 394.9 437.0 471.5 500.5 527.7 553.6 577.5 594.7 610.7 629.2 648.8 668.6 690.2 712.7 737.1 765.3 804.6 886.5
SDEV 0.39 0.12 0.13 0.19 0.28 0.27 0.29 0.24 0.22 0.14 0.20, 0.25 0.25 0.27 0.24 0.27 0.30, 0.31 0.39 0.47 1.13
RSD 0.16% 0.04% 0.04% 0.05% 0.07% 0.06% 0.06% 0.05% 0.04% 0.02% 0.03% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.05% 0.06% 0.13%)
Consensus 239 304 349 393 435 469 499 526 552 576 594 610 629 649 669 690 712 736 764 803 887
Difference 1.71 0.45 0.21 1.94 1.99 2.53 1.47 1.69 1.64 1.52 0.73 0.72 0.24 -0.19 -0.41 0.22 0.75 1.06| 1.35 1.59 -0.50

Initial BP = 241°F

84 seconds Final BP = 886°F

Ave. Sdev = 0.30°F
Ave. RSD = 0.054%
Ave. Difference = 0.99°F
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ANRSWer:

Give It the best characteristics ofia
conventional GC, only
FASTER.....and more.
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« B ElexiblerSamplerntreducton

: Acceptigas on LIQUIDiphase samples
i .-I Variablennjectionvelumes throughithe; use or
L a split/splittless type. Injector;

Highiimjectortempsiior hightMWW ComMpPoREnts

Externaliaccessony frendly (i'e. autesamplers,
internal/external’sample leep valves; purge &
trap devices)

« = Fast llemperature Programmable
Columns

Employ low pewer, fast heating technigues for;
both rapid heating AND! cooling

High column temps for high MW. components
Only use column length necessary for the job

Make a wide variety of familiar column types
available

«  Detector Variety.

Provide detector options to cover widest
application range (FID, TCD, FPD, ECD)

High detector temps for high MW components

Adequate data rates for capturing narrow.
peaks from fast TP columns

EXPECIEA RPEHOINANCE

Repeatability andireproduceabilityMUSHE
MEEL Bl EXCEediaccepted conventional Ge
values

Familiar Seitware

User friendly::)iol

Plays well with ether programs (€.9.
chromategraphic alignment reutines,
simulated distillation software ,etc:)

Feature richienough to satisfy user.
requirements

Minimize Maintenance Requirements

Modularize columns for compactness and
ease of replacement

Modularize detectors for compactness and
configurability.

Reduce number of switching valves to
minimize leak potential and mechanical failure

Employ system integrity checking routines to
help identify upcoming maintenance events
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Our Approach | %‘mmm

* S lnreweurconvenuenal designiparadigms:

* FViaXimize USe BIiMICIOPIOCESSOIS; thirougnoutthe
InStriment for: control ean INterpretauon:

Q AJJJ’:)SS msiumam SIZE, Ease Ot USE; POWET:

« The approeach spans innovations both ' in hardware
and n seftware.

« Create something commercially viable for all
environments — Lab, at-line, transportable, on-line.




Speed + Modularity + Form Factor

O Jhermalmass is your frisncd < Minimizethermalimass
- [EMpPEraturesstaniii 1 Rapid temperatiire’ program
- Slowte respend e change ITLF)UL)J;)
1 Isethenrmalimethods - Fastresponse time:
~ Multiple'column switching " Increased temperature

schemes repeatability and reproducibility
Heavy: & large feotprints Minimal switching schemes
Kilowatt pewer requirement L_ow: power requirement

«  LLarge internal velumes Minimal velume

Lower resolution Higher resolution

Longer columns (long analysis Shorter columns needed
times) Fast cycle times

Or more columns needed for Minimum consumables
same separation

High consumable rates



Calidus:

the Modular, Ultra-Compact GC

3 ~or €~ 2 " . {
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1085904 =HAES204 5S04 @ CS

Sample lnlet Sample Inlet
100°C - 350°C « 100°C - 250°C
Column Viedules Column Modules

« 5°C aboeve ambient to
« Column maternal limit

« 5°C aboeve ambient to

« Column material limit
* Or 4OOOC whichever Is « Or 4OOOC whichever Is
lower

Detector Modules
« 100°C - 350°C

lower
Detector Modules
« 100°C - 350°C

Result: fixed gases to n-C,,

"y *.'it‘: ‘f': ~V\> [’ ( "( j ,'\/,
ZB L Fast Avaiytical Solutions & Technologies |
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< CalidusiCS Conliguratien

Detector Module 1 Detector Module 2

©

P
Column Module 1 FI_ Column Module 2

Chassis Subplate
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This is the tail of
the large peak
heartcut from the
MXT-1 column.

*
g
H
]

i—— ]

T,
-ERD AWBLieN
.,-o-"::l "

e

||"F.

|

I

;}a:l 0 1zasy

=L k=¥

WK AR O M == 1y« 1 w1(03 9762 2034 1213

ECH woromsy Pyud www.clhromtech.net.an
Website NEW : www.chromalytic.com.au E-Mail : info@chromtech.net.au 1el : 03 9762 2034 . .. in AUSTRALIA




=’

INTERNATIONAL

Status o1 ASTIVI s Proposed; Standard Viethoad. Beiling Range
DistabutionreizRPetroleumr Distillates\WithrEinal Beiling Peints tpito
535°C by Ullra’Fast: Gas Chromategraphy (UEGE) araiauthors Bostic,

DiSanzo, [Lubkowitz
ASTIVIID2:04"members
reviewed the drait and voted before the 12/5/2011 meeting

voted to submit corrected method (text and table) for concurrent balloting
by both the subcommittee and the D2 committee before the 6/25/2012

meeting
An affirmative vote Is likely, confirming the draft as a standard method.

Here are current results demonstrating conformance with the existing D-

2887 requirements.
(Repeatability & Reproducibility requirements will be the same for the new method but require < 5 minute analysis time)
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q:.‘&:( Certificate of Composition

110 Benner Circle FOR LABORATORY USE ONLY-READ MSDS PRIOR TO USE.
B°"‘T'L"'f‘:gbgss1:’:gfa'2 Catalog No. : 31674 Lot No.: ADBI249
F“': (814)353-1309 Dcscnpuon ASTM D2887-01 Cakbration Mix, 1% wi/wt
Expiration Date': September 2016 Storage: Room Temperature

Percent Concentration 3 | % Uncertainty
Elution Orde Compound
(weightiweight%) | (95% C.L.; K=2)

n-Fentane (C5) 109-66-( 94, 000 wt./'wi % L0 58 "

n-llexane (C6) 110-54- 99 000 wi./wt s ' 58 %
n-Heptane (C7) 142-82 99, D00 wi/wi S8 %
n-Octane (CK) 111-65- 099 D00 wi/wit S8
n=Nosane (C9) 11184 999y 000 wiwt "y 58 %%
n-Decane (C10) 12418 09y, D00 Wi wt Yy 58 *a
n-Undecane (C11) 1120-21- 09Ny, D00 w/wi s 58 "%

3 n-Dodecane (C12) 112403 DULIN D00 wi/wt ™y £8 “%
Stan d ard G ( n- Letradecane (C 14) 6959 DULIN D00 wi o S8 %%
n-Pentudecane (C15) 62962 99, oo \ ) s8¢
I n-Hexadecane (C16) 54476413 99 Hoo -0.58 %
. x n-Heptadecane (C'17) 629-78-7 D9y Hoo ! B
Ca I I Iar n-Octadecane (C1X) §93-45-3 99y Oun
p y n-Ercosane (C20) 2 D D U 00
n-Fetracosane (C24) (12 LR 9% 00
nOctacosane (C28) 630 9% 00
COlumn 1?7 n-Dotriacontane (C°312) <41 00% 000
1] n-Hexatriacontane (C36) SO-0 9% 000

n- Fetracontane (CA0) $1-95-7 ey (i
0 - Tetratetracontane (C44) 0982 "re (KN

40 minute

Column

run time
Carrier Gas:
Irydrogen contant press

Temp Program:
¢ (hold min)to id

2 10°C/min, (hokd 10 rmvn

Inj. Temp
25071

Det. Temp:

Det, Type:
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values
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ASTM D-2887 REFERENCE GAS OIL NO. 1

LOT NO. 2

onsensus Analysis
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Analysis by members
Range Distribution by Gas Chraomat
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SAVE THIS DATA SHEET!
It Contains Important Information About This Product.

ASTM D2887 Reference Gas Oil
Catalog No. 506419 1x1mL
Catalog No. 48873 6 x 1mL

This sample is a petroleum fraction with an approximate boiling
point range of 250°F-850°F. ASTM consensus values are

a Standard GC listed on the certificate of analysis.

Packed

column

20 minute

run time

Certificate of

anaIySIS | wamﬁmwnwss.ca

follows § i o 3607, Dol Totmp. STSC.
__Flow Rate: 30mL/min., He, Det.: FID

Ll b 1t r oy oy r a(128x10™AFS), Sample: 0.1pl .
0 2 4 6 8 1 12 14 16 18 20
Min. ; s

7120413
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D2887

Injected On: 20111107164005-0500 by Procedure File: FalconD2887.pro
Data File: ChUsers\uonn CrandaihDocumemts'ASTM Documents\ASTM Runs 110820111111107.0052.CDF

Blank File: CiUsersionn CrandaliDocumentsiASTM DocumentsiaSTM Furs 110620111111107.0034 COF

Calib File: CilserswayneiDocumenisiFaleon 02557 DemosiMarahonii 111070053 COF

Solvent Exclusions: Mins Baseline Zero:
Quench Region: No Quenching Correction

Uncorr Total Sample Area:  2.3023E8

Corr Total Sample Area: 2.2925E8

Start Of Material {mins}: 0,043 End Of Material (mins): 0,998 Sample Weight (g):
SOM Thrsh: (0.00001000%) EOM Threh: (0.00032000%) Solvent Weight (g):

P O i n tS Of I nte reSt Material Search Restricted To: 1.100

Material End Forced To: NO FORCE
‘Warnings: EOM Accuracy may be affected by BLEED at END OF RUN

C h ro m atog ram D2887/D6352 Simulated Distillation Plot

shown with BP. :

curve and

plank :

chromatoegram
overlaid

Selected BP D2887/D6352/D7213 Boiling Point Mass Distribution

data shown in I R
the table. %% FEF ... 885.16
Comparison PR

follows o

BV == £y w5 v61(0)3 9762 2034 12/13
— ECH oiowy fyle www.clromtech.netan
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1BP | 240 239
| 5 304 304
| 10|  349] 349
| 15| 395] 393
| 20| a3 a3
| 25 472 469
| 30| 500 499
| 35| s8] 52
| 40| 5%l 559
| 45| 578 74

| s0]  sos|  soa
| 5| 61| 610
| 60 69 629

649

| 65

75
| 80
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| 90
| 95
FBP |
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o w

D

| 69
| 669
| 6%
7
| 805

~

[EEN
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N

\/alues ' Shewn

Correspoend te'the cut peints
repoitedin the certificate

Indicate excellent comparisen

Calculated using raw:
chrematograms

LineUp will'improve all values

LineUp use

Absolutely necessary over time for
data QC autemation, no human

can keep up with' ~500 runs/day (~
3 minute cycles)

Extend maintenance interval time
Elevate confidence in the results

L vf‘.‘r'-" J\ CON

55



(red Is injg D-2887 iolsrzirice)

Boiling Point Difference: | Calidus - Consensus Value|
& |Tolerance| Allowed by D-2887
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Chrom Perlect Chromatogram Report

100 run campaign, every 10" run overlaid.

Prrtad on 1182011 84737 AM
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Consensus|  239]  304] 349 303] a35| aeo] 499] 56| 552  s76|  soa| e  e20]  eao] 6o 90|  712] 736  764] 803 887

« |nitial BP. = 241°F

84 seconds + Final BP. = 886°F

*« Ave. Sdev = 0.3°F

*« Ave. RSD = 0.05%

« Ave. Difference = 1.0°F
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ASTM D-2887 & Crude Characterizations
UltraFast D-2887
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' Useful Applications of Smart
micro Gas Chromatography
with the NeSSI Platform

John Crandall, Falcon Analytical
Mike Cost, Parker Hannifin
George Schreiner, Justice Laboratory Software
1/24/2011
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Falcon
Fast GC

Outline of Presentation | gy 1 ene
—

NeSSlI, micro Gas Chromatography and Chemometrics are still (after all these years)
considered new technology.

Thought leaders and early adopters alike are excited, make lots of positive noise
about these new technologies and have implemented to an extent, a limited extent.

However, to reach genuine commercial viability for the technologies, some dragons
must be slain.

While light gas NeSSI systems are widely accepted, reliability and robustness of
NeSSI use must be PROVEN for “heavy liquids” in the eyes of large scale users.

Depth and breadth of micro GC applications must be PROVEN to meet or beat
requirements of the old traditional GCs.

Chemometric applications must be PROVEN to be useful in the hands of the
average user.

Here are real world and very useful applications of the triangular
relationship of the technologies.

A batch approach to automated process analytical chemistry

A micro scale bioreactor continuous monitoring system

UltraFast ASTM D-2887 at-line & potential for on-line use k




Batch Application: Coolant Leak Detection
Into Blood Product Freeze Dryers

Previous State

Human olfactory sensory panels “sniffed” out the leaks

The “measurement” was subjective. What if the nose
has a cold?

Current State

A micro GC and Chemometrics measure the freeze
dryer compartment after cleaning and after freeze

d 'YINQ. Reference: “Lyophilizer Heat Transfer Fluid Monitoring via Gas Chromatographic
Methods” by John Kutney, Talecris, IFPAC, 2008 Baltimore. Can be viewed at falconfast.net.

Quantitative analysis at the ppb level results.
However...
The level of automation implemented is minimal

Personnel turnover makes system operations difficult
The microGC instrumentation is at the end of product life

cycle and out of production %ﬂ




Solution (aka future state): NeSSI, microGC

and Chemometrics with Full Automation
1

AUtomatlon Strategy 1) ChromPerfect watches for stream ID and permission from the SCADA system
Use Smal‘t SOftwal‘e i) Stream ID is defined as Freeze Drier E, F or G
ii) Permission indicates the sequence of operation for that freeze drier may begin
Eva| uate Step by Step resu ItS as a iii) ChromPerfect starts the appropriate stream vacuum pump
h uman wou | d 2) On permission, ChromPerfect downloads the appropriate method and sequence to
Calidus
: i) Methods include operating conditions and data processing parameters
On alarm ' Stop and nOtIfy a human ii) Sequences include sample identification and number of runs as follows
(1) Run 5 blanks (analytical cycle without actuating the sample valve)
On success proceed to the next Step Assess results as clean (pass, continue) or dirty (fail, stop and alarm)
(2) Run 1 zero air
Auto m atl on S u |te of E | ements Assess results as system suitable (pass, continue) or not suitable (fail, stop
and alarm)
tm (3) Run 1 validation sample
IntraFIOW NeSSI Assess results as system suitable (pass,
Switches streams iiloar;trinn)ue) or not suitable (fail, stop and
Monitors critical parameters: T, P, F U
) (4) Run 5 freeze drier samples and report i
Calidus & ChromPerfect (CP) (a) Each chromatogram to be displayed -
. (b) Sample data, P, T and other assessment
Performs chromatographic analyses parameters
. . . . (c) Component name
CP operating Calidus, NeSSI & directing (d) Retention time (if Syltherm)
data flow is the master (e) Total area _
. o (f) Calculated Concentration
Receives permissions from & reports (9) Assess results as valid measurement (pass, continue or not valid (fail,
(alarms) results to SCADA S el i)
: 3) Report results
LIneUp & InStep i) Average last three of the 5 runs
; ii) Report average concentration
All:gns Cth romatograms to target Assessment of the Freeze Dryer condition (clean or alarm)
cnromatogram

Assesses results as “consistent with
expectations” or “outlier, sound the alarm”




System Overview for the 3 Stream Batch
NeSSI/microGC/Chemometric System (not to scale)

Freeze Dryer
Controls

Actuation Signals
ED 1 J& g SCADA

FD2 |p4
FD3 P

Zero Air

Hydrogen



http://www.falconfast.net/files/Talecris NeSSI.pdf

Continuous Application: 8 Stream

micro-Scale Bioreactor System
I ——

Continuous monitoring is required
Production monitoring for a specialty chemical
Nutrient monitoring & feed rate for microbes
Oxygen monitoring & feed rate for microbes

Fermentor off gas analysis is required
Sampling the broth is complicated

The microbes will plug virtually any automatic
sampling mechanism (they continue to grow... things shut)

The off gas concentration indicates production yield
There are multiple small systems
In this case there are 8 reactors (90 second cycles)
Process flow rates are small < 1 liter/minute
Calibration for the semivolatile organic is problematic

Manual sampling & monitoring is virtually impossible
! ’*f




Automation Strategy

Automation Strategy
Use smart software

Control critical parameters: T, P, and especially flow rate
(don’t suck the reactors dry)

Automation Suite of Elements

IntraFlow™ NeSSI
Switches streams & controls flow rates

Performs periodic autocalibration sample via a permeation calibration
system

Monitors critical parameters: T, P, F
Calidus & ChromPerfect (CP)
Performs chromatographic analyses
CP operating Calidus, NeSSI & directing data flow is the master
Receives permissions & reports (alarms) results from/to LIMS
LineUp & InStep
Aligns chromatograms to target chromatogram

Assesses results as “consistent with expectations” or “outlier, sound the 2
alarm”




System Overview for the 8 Stream Continuous
NeSSI/microGC/Chemometric System (ot to scale)

/O Gear
Stream itching
Digital|Qutputs
Ethernet
il
f faf 8 Stream
NG IntraFlowtm

- ; Austration Distrivutors
- R j(I?.l'l-ll 73w 461(0)3 9762 2004 1215

ECH r~otowy Pylu

Website NEW : www.chromalytic.com.au E-Mail : info@chromtech.net.au lel : 03 9762 2034 . . . in AUSTRALIA




anything may ey

Parker IntraFlow™

D r aW i n System Possilbler
g Item Cty Description
?ﬁj 13 IntraFlow field connector top access wi' 1/4” A-Lok fittings
L e g e n d a wisilver plated nuts
L) 4 IntraFlow field connector end access w' 1/4" A-Lok fittings
?% wisilver plated nuis
. A Standard 1/8" thick stainless steel pegboard Wi 4
Assumptions mounting brackets
Parker IF-B2LJ2-55 manual 2-way ball valve, mini lever
1/9 Pot| handle
V4" heat traced
tubi ng at 150 F. % 6 Parker IF-R2K-V-8S actuated 3-way valve
Each stream flow _Q_ 6 Parker IF-FR3-V-C9x-5S bypass filter,
. I . d 100 .02y borosilicate coalescing element,
rate IS Imlte to Parker IF-FR2-V-P3x-SS inline filter,
1 1 1 02y borosilicate particulate element,
ml/min maximum Sperity el
P Wika pressure indicator,
The IongeSt Sa‘mple Pl 6 Specify Pressure Rating:_Vacuum to 2 psig
. . , o
Ilne WI" be <30 '?)h 1 Intrafiow direct connect field connector w/1/16™ A-Lok
. . LA fitting.
Specialty chemical -

concentrations will
be between ~ 5 ppm
and < 200 ppm

®ID

Air Dimension Pump (part# B 161-MP-K.J0-Z) Single Head
NeSS| Dia-Vac pump, 316 ss wetted parts, All-Teflon
diaphragm, 24v BLDC motor {(includes 1 repair kit )

Porter Glass Tube rotometer wi' upstream needle valwe
and 1/4" compression ports on 4 5" centerlines.

7 Includes 1/4" tube stub adapters.
Permeation tube Specity Flow Range:
calibrator at 100 Intertec Varitherm HI Smart Heater & closed loop

1 proportional controller, Class 1, Div 1,
ppm Used fOI’ specify temperature setpoint & voltage, set for 150°F
calibration materials

. Enclosure & SUB-PANEL (SCE-24EL3010LP & SCE-

0P24 )
IF5254-mooox-R3-65TRM




Parker IntraFlow™ NeSSI Sample System

I~ 32.56" -
| = _ . . . I_E_l _ . _ |
I [ =11
EJE T, s W, W iﬂf 2, i, s, = =] lﬂ
FEAsEA FAs TR FERMETER BT FELETE = - FEETER —-i-
| A A @ f | A l —l!
R i e
| _ _ AN By
I LPI: ::F‘Ij' \\Pf‘ '/.PI} ; “’l["“ iFIj - ipc ’:PU Q _|_=_ri
(et et et o e 0 e o et e fo et | | e )
| |
| — ’%v——:m NET |
| — |
SN 2 S 2 2 2 2 e 2 A 2 -
This is the permeation
tube for automatic
] calibration gas?
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Bonus Application: UltraFast D-2887 for High

Throughput Laboratory, Pilot Plant or On-line
Analysis

Refiners need boiling range distributions
Laboratory
At-line
Online
Older GC technology
Too slow
Too big

-
-
-
-
-
-
-
-
-
-
-

Can’t meet the T-rating requirements in plant economically
Thus, valuable data is not available for realtime process control
Fingerprinting
Yield
Operating parameters
All leads to the need for easier, smaller, smarter, faster & greener
analytical chemistry —
Calidus 101-HT, IntraFlow'™ NeSSI, Infometrix Chemometrics

%



Status of ASTM’s Proposed

| )
Standard Method ull

e
“Boiling Range Distribution of Petroleum Distillates With

Final Boiling Points up to 535°C by Ultra Fast Gas

Chromatography (UF GC)” draft authors Bostic, DiSanzo, Lubkowitz
ASTM D2.04 members
Reviewed the draft and voted before the 12/5/2011 meeting
Negatives were related to text and table entry errors
Industry users stated a compelling need for the draft method

Voted to submit corrected method (text and table) for concurrent
balloting by both the subcommittee and the D2 committee before the

6/25/2012 meeting
An affirmative vote by both will confirm the draft as a standard method.

Here are current results demonstrating conformance with the existing D-
2887 requirements.

(Repeatability & Reproducibility requirements will be the same for the new method but require < 5 minute analysis time)

k




Purchased RT
Calibration
Standard

RESTEC

Certificate of Composition

110 Benner Circle

Bellefonte, PA 16823-8812
Tel: (800)356-1688

Fax: (814)353-1309

Catalog No. : 31674

Description : ASTM D2887-01 Calibration Mix, 1% wt/wt
Expiration Date’: September 2016

Percent

FOR LABORATORY USE ONLY-READ MSDS PRIOR TO USE.

Lot No.: A069249

Storage: Room Temperature

Concentration 3

% Uncertainty 4

weight/weight%) | (95% C.L.; K=2)
n-Pentane (C5) 109-66-0 99% 1.000 wt./wt.% +/-0.58 %
_‘ n-Hexane (C6) 110-54-3 99% 1.000 wt./wt.% +/-0.58 %
3 n-Heptane (C7) 142-82-5 99% 1.000 wt./wt.% +/-0.58 %
| n-Octane (C8) 111-65-9 99% 1.000 wt./wt.% -0.58 %
5 n-Nonane (C9) 111-84-2 99% 1.000 wt./wt.% 0.58 %
6 n-Decane (C10) 124-18-5 99% 1.000 wt./wt.% -0.58 %
7 n-Undecane (C11) 1120-21-4 99% 1.000 wt./wt.% 0.58 %
tan ar 8 n-Dodecane (C12) 112-40-3 99% 1.000 wt./wt.% -0.58 %
9 n-Tetradecane (C14) 629-59-4 99% 1.000 wt./wt.% -0.58 %
10 n-Pentadecane (C'15) 629-62-9 99% 1.000 wt./wt.% -0.58 %
= | n-Hexadecane (C16) 544-76-3 99% 1.000 wt./wt.% -0.58 %
C a I I I ar 2 n-Heptadecane (C17) 629-78-7 99%, 1.000 wt./wt.% -0.58 %
13 n-Octadecane (C'18) 593-45-3 99% 1.000 wt./wt.% +/-0.58 %
14 n-Eicosane (C20) 112-95-8 99% 1.000 wt./wt.% +/-0.58 %
15 n-Tetracosane (('24) 646-31-1 99% 1.000 wt./wt.% +/-0.58 %
u I I l n 16 n-Octacosane (C28) 630-02-4 99% 1.000 wt./wt.% +/-().58 %
17 n-Dotriacontane (C32) 544951 000, 1.000 wt./wt.%% +/-00.58 %
18 n-Hexatriacontane (C36) 630-06-8 09% 1.000 wt./wt.% 1/-0.58 %
-
19 n-T'etracontane (C'40) 4181-95-7 99% 1.000 wt./wt.% +/-0.58 %
I I I I n u e 20 n-Tetratetracontane (('44) 7098-22-8 99% 1.000 wt./wt.% +/-0.58 %
. Solvent: Carbon Disulfide 75-15-0 99%
Column:
ru n I e 10m x .25mm x .25um
I I I Rtx-5 (cat.#10223)
Carrier Gas:
hydrogen-constant pressure 10 psi oy
Temp. Program:
40°C (hold 2 min.) to 330°C 3
@ 10°C/min. (hold 10 min,) -
Inj. Temp:
250°C =
. <€©
Det. Temp: TP ——
330°C D 801 ¢ :1: o)
Det. Type: Al | T fle e
AD . {11 | | | N =
| (=}
| | o~
0 10 20 30 40

Minwtes



Calidus 101-HT Purchased Restek D-2887
Standard Overlaid Blank
—

] Overlay EE=
— CiUsers\ohn CrandallDocuments\ASTM Documents\ASTM Runs 110620111111107.0034.RAW
—— CiUsers\John Crandal\Documents\ASTM Documents\ASTM Runs 110620111111107 0033 RAW
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Chevron :

Purchased Phillips o
Standard Gas Ol

ASTH D-2887 REFERENCE GAS OIL NO, 1

LOT NO. 2

Cansensus Analysis*

Certificate of T e W Gt

343 t/- 0
354 +/- 0

F 'F ( 0
- IBP 239 k-1 115 tf- 0.6
anaIyS|S 564 ‘0.7 151 Lo 0.4
19 349 b-1.2 176 v~ 0.7
15 193 t/-1.5 201 +/- 0.8
20 135 +/-1.7 224 +/- 0.9
C nsensus 25 469 1.7 243 +- 0.9
O 30 199 +-1.6 259 +- 0.9
35 526 +/-1.6 275 +/- 0.9
40 552 +/-1.2 289 +/- 0.7
values
50 594 +-1.1 312 +/- 0.5
55 610 +-0.9 321 +/- 0.4
50 629 +/-0.8 332 +1=0.4
5 4
4

30 participating e B un

N~~~

5 690 +{-0, 365 ti- 0.4

. 80 712 +(-0. 378 ti- 0.4
laboratories
90 764 +/-0.8 107 +- 0.4

95 803 +/-1.1 428 +/- 0.6

FBP 387 +/-2.6 475 +/- 1.4

Analysis by members of ASTM D-2 R&D D-IV L Study Group on Boiling
Range Distribution by Gas Chromatography The number of
participating labs for batch 2 was 30 Based on preliminary data
pending final approval of Section D.02 04, Section H.

NOTE This sample is nitrogen blanketed I[f transferred to other
containers for storage, nitrogen blanketing is recommended
Store in a cool, dark place Be sure the sample is at room
temperature and well mixed before use The wax point on this

product is 55 °F

e @
vl E. ke 24

M. E. Lopez
Process Cantrol Lab Team Leader



Purchased
Standard Gas Oil

Standard GC

Packed
column

20 minute
run time

Certificate of
analysis
follows

SAVE THIS DATA SHEET!
It Contains Important Information About This Product.

ASTM D2887 Reference Gas Oil
Catalog No. 506419 1x1mL
Catalog No. 48873 6 x 1mL

This sample is a petroleum fraction with an approximate boiling
point range of 250°F-850°F. ASTM consensus values are
listed on the certificate of analysis.

Petrocol™ B column, 20" x 1/8" SS, Col.
Temp.: -25°C to 350°C at 15°C/min.,
Inj. Temp.: 350°C, Det. Temp.: 375°C,
__Flow Rate: 30mL/min., He, Det: FID
Lo 10 v 1 a1 a (128x10'°AFS), Sample: 0.1pl.
0 2 4 6 8 10 12 14 16 18 20
Min.

712-0413

SUPELCO

?396 Sigma-Aidrich Co. Bellefonte, PA
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Blank, RT Standard & Gas Oil Overlaid,
Run Time 84 Seconds

0] Overlay
—— CiUsers\John Crandall\Documents\ASTM Documents\ASTM Runs 110620111111107 0034 RAW
—— CiUsers\John Crandal\Documents\ASTM Documents\ASTM Runs 1106201711111107.0033 RAW
—— CUsers\ohn CrandallDocuments\ASTM Documents\ASTM Runs 110620111111107.0032 RAW *
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D-2887
Report

Points of Interest

Chromatogram
shown with BP
curve and
blank
chromatogram
overlaid

Selected BP
data shown in
the table.

Comparison
follows

D2887 |
Injected On: 20111107184005-0500 by

Diata File: ChiUusersiuohn CrandallDocuments ASTM Documents'ASTM Runs 110620111111107.0032. COF

Blank File: CiiUsersion CrandaiiDocumenis'ASTH Documents'ASTM Runs 1108620111111107.0034 COF

Calib File: ChilserswaneiDocumentsiFaleon 02557 DemosiMaramonil 111070033 COF

Solvent Exclusions: Mins

Quench Region: No Quenching Correction
Uncorr Total Sample Area: 2.3028E8

Corr Total Sample Area: 2.2925E8

Start Of Mate rial (mins): 0.043
SOM Thrsh: (0.00001000%: )

End Of Material (minz}: 0.993
EOM Threh: (0.00032000%)

Material Search Restricted To: 1.100
Material End Forced To: NO FORCE
Warnings: EOM Accuracy may be affected by BLEED at END OF RUN

D2887/D6352 Simulated Distillation Plot

Procedure File:

Page: 1
FalconDZ887.pre
Bazeline Zero: 1004.00000
Sample Weight (g): 0.0000
Sohvent Weight (g): 0.0000

T
|
1
1
|
1
1
|
|
|
|
1
|

D2887/D6352/D7213 Boiling Point Mass Distribution
IBF ... 238.34 B0.00% ... T10.84
500% .. 30285  85.00% ..735.05
10.00% . MT64  B0.00% .. 763.54
15.00% .. 38312 95.00% .. 803.32
20.00% .. 43454 FBP 88546

25.00% ... 468.80
30.00% ... 49777
I5.00% ... 52500




Calidus 101-HT Results Compared to Consensus
Values Reported by Certificate of Analysis

I ——
Degrees |Measured|Accepted Limit F Values Shown
IBP 240 239 13.7 .
5 304 204 = Correspond to the cut points

10 349 349 7.4 reported in the certificate

13 395 393 8.1 Indicate excellent comparison

20 437 435 8.6

25 472 469 8.5 Calculated using raw

30 500 499 8.5 chromatograms

35 528 526 8.1 . A

20 o2 = - LineUp will improve all values

45 578 576 7.7 LineUp use

50 595 594 7.7 .

55 - 10 -5 Absolutely necessary over time

60 629 629 7.7 for data QC automation, no

65 649 649 7.7 human can keep up with ~500

70 669 669 7.7 runs/day (~ 3 minute cycles)

75 690 690 7.7 . .

30 713 — e Extend maintenance interval

85 737 736 7.7 time

90 765 764 7.7 Elevate confidence in the
95 805 803 9.0
results

FBP 887 887 21.2




Absolute Values of Difference from the

Consensus Values (red is the D-2887 tolerance)
e

Boiling Point Difference: | Calidus - Consensus Value|
& |Tolerance| Allowed by D-2887

N\ )

IBP 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 FBP

% Off

Degrees Fahrenheit
\

=Difference F =—Limit F




What about Repeatability?

Chrom Perfect Chromatogram Report

200000

180000 —
160000 —
100 run campaign, every 10t run overlaid.

140000 —

120000 -

100000 -

I

60000 - N

SJIOAOJOI - @suodsay

40000 —

20000 —

T i T J T y T . T

Time - Seconds

Printed on 11/8/2011 8:47:37 AM Page 1 of 1




|
| |
Refinery Plant Lab Results:
Ref Gas Oll. 15 Repli
eterence Gas OIl, 15 Replicates
Rep # 0.50% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00% 50.00% 55.00% 60.00% 65.00% 70.00% 75.00% 80.00% 85.00% 90.00% 95.00% 99.50%|
1 241.3 304.6 349.1 394.8 436.5 471.3 500.0 527.3 553.5 577.5 594.6 610.7 629.3 648.7 668.6 690.1 712.8 737.2 765.3 804.4 885.6
2 240.5 304.4 349.1 394.9 436.8 471.3 500.3 527.7 553.6 577.7 595.0 611.1 629.7 649.3 669.1 690.6 713.3 737.7 766.1 805.3 886.9
3 241.0 304.4 349.2 394.7 436.8 471.3 500.5 527.8 553.5 577.5 594.6 610.7 629.1 648.8 668.5 690.3 712.8 737.0 765.3 804.6 885.7|
4 240.5 304.5 349.1 394.9 437.0 471.4 500.4 527.7 553.7 577.6 594.7 610.9 629.3 648.9 668.6 690.5 712.9 737.2 765.7 804.9 888.8|
5 240.9 304.4 349.3 395.0 437.1 471.6 500.4 527.7 553.9 577.6 594.8 610.7 629.3 648.7 668.6 690.2 712.6 737.0 765.5 804.9 886.2
6 240.6 304.3 349.0 394.6 436.7 471.2 500.2 527.3 553.4 577.3 594.4 610.5 629.0 648.7 668.4 690.0 712.6 736.8 765.2 804.7 887.6)
7 240.7 304.4 349.2 394.8 436.7 471.2 500.0 527.3 553.3 577.4 594.5 610.4 629.0 648.5 668.3 689.8 712.4 736.7 765.0 804.0 886.8|
8 239.5 304.1 349.1 395.1 437.3 471.6 500.4 527.5 553.4 577.3 594.6 610.4 628.9 648.5 668.3 689.9 712.3 736.6 765.1 804.4 885.5
9 240.5 304.5 349.3 394.9 436.9 471.5 500.5 527.6 553.6 577.3 594.6 610.5 629.1 648.7 668.7 690.4 713.0 737.2 765.4 804.4 885.8|
10 240.8 304.6 349.4 395.1 437.3 471.8 500.8 528.0 553.8 577.6 595.0 611.1 629.5 649.2 668.9 690.5 713.1 737.2 765.3 804.7 887.7
11 240.8 304.4 349.4 394.8 437.1 471.7 500.7 527.8 554.0 577.7 595.0 611.1 629.7 649.3 668.9 690.4 712.8 737.0 765.1 804.4 885.4
12 240.9 304.5 349.1 394.9 437.0 471.5 500.4 527.6 553.4 577.4 594.6 610.4 629.1 648.5 668.3 689.8 712.4 736.6 764.7 803.8 885.0)
13 241.0 304.6 349.4 395.3 437.3 472.0 500.9 528.1 554.0 577.6 594.8 610.5 629.0 648.5 668.3 689.8 712.4 736.8 764.9 804.0 885.4
14 241.0 304.5 349.1 394.9 436.8 471.4 500.5 527.8 553.8 577.7 595.0 611.0 629.6 649.0 668.8 690.5 713.0 737.4 766.0 805.2 886.7|
15 240.7 304.5 349.4 395.2 437.6 472.1 501.1 528.1 553.8| 577.5 594.7 610.7 629.0 648.9 668.6| 690.4 712.9 737.4 765.7 805.4 888.4
AVE 240.7 304.5 349.2 394.9 437.0 471.5 500.5 527.7 553.6r 577.5 594.7 610.7 629.2 648.8 668.6r 690.2 712.7 737.1 765.3 804.6 886.5)
SDEV 0.39 0.12 0.13 0.19 0.28] 0.27 0.29] 0.24] 0.22] 0.14 0.20 0.25 0.25 0.27] 0.24] 0.27] 0.30] 0.31] 0.39 0.47] 1.13]
RSD 0.16% 0.04% 0.04% 0.05% 0.07% 0.06% 0.06% 0.05% 0.04% 0.02% 0.03% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.05% 0.06% 0.13%
Consensus 239 304 349 393 435 469 499 526 552 576 594 610 629 649 669 690 712 736 764 803 887
Difference 1.71 0.45 0.21 1.94 1.99 2.53 1.47 1.69 1.64 1.52 0.73 0.72 0.24 -0.19 -0.41 0.22 0.75 1.06| 1.35 1.59 -0.50

Initial BP = 241°F

84 seconds Final BP = 886°F

Ave. Sdev = 0.3°F
Ave. RSD = 0.05%
Ave. Difference = 1.0°F

-




Is This Proof Enough?

Probably not...
... but we're getting closer!

Our experience

with micro scale fluidics,
leaks are more problematic
than the “dreaded” plugs

with micro GC, the
application capability is
about 80% of the market

need RISK is a four letter word!
with chemometrics, it Users are reluctant
doesn’t take a PhD to take Doesn’'t NeSSI mean NEW?
big advantage of the Who the heck are Falcon and
b fit Calidus and what do you mean
enetits micro?
Chemometrawho? Isn’t that the
And orders are

smoke and mirror stuff from NIR?

beginning to flow...

the real PROOF! k



CALIDUS

micro GAS CHROMATOGRAPH

Justice Lahoratory Software

Thanks to our strategic friends at...

Chevron
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teaaroma

Preserving Flavor and Fragrance in microFASTTm GC System for

Natural Tea Aroma in Product Quality Control
Products and the Measurement Problem
Consumer products based on natural products
are complex mixtures. The exact composition is
often very difficult and sometimes impossible to
determine. Consumers define “product
goodness” or “not goodness” based on their
subjective perceptions of taste, smell and even
sight and touch (texture). Product consistency
measurements are required.

Processor Situation
For years, processors have employed “sensory
panels” or skilled individuals who classify

production as conforming or non-conforming. Processor Requirements
Capacity demands, personnel tumover and the A simple, fast and cost effective surrogate for
| want to Fly With The FALCON vanab_ﬂny of thi human c_ondltlon (col_d or the GC/MS is desired for near process
Click here to learn how you can allergies tOd"_"y-) have driven the desire e make measurements or in-plant support laboratories.
be part of our FALCONfast pdeUCF QU_allty assessments more quantitative Sampling and analysis automation is
communications network. and objective. The R&D laboratories have necessary. Manual sample pretreatments such
developed lengthy, detailed GC/MS methods as filtration, derivatization or syringe injections

are not functional or acceptable.

-----------

suifed for the production environment.

-] The Solution

- The microFAST™ GC is capable of delivering

fast and easy to use analysis. 60 minute runs

A on the GC/MS are essentially duplicated for
production purposes in about 80 seconds.

The total analysis time is approximately 5

.,...J.A_L..-L.J.__.._L_. minutes including the use of a heated

= o headspace gas autosampler to sample the
gas using SP/ME fiber technology. The system
is economical, easy to use and eliminates a
separate sampling step. Pattern recognition
software from Infometrix is employed for
classification of the product quality.

.I.I
'.L‘_"
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lexsoldetection

Protecting Critical Batch Processes microFASTv GC

and For Lexsol Detection
The Measurement Problem

Many delicate products such as most classes
of pharmaceuticals (especially meds for
injection), food and beverages must be
produced in very clean or sterile environments.
These products are often produced in batches
and can be made in shared vessels and
transport lines. Cleaning the processing
hardware is critical and the condition of the
process must be known before beginning,
during the process cycle if possible and at the
conclusion of production.

| want to Fly With The FALCON

Click here to learn how you can
be part of our FALCONfast
communications network.

Processor Situation

One process where condition monitoring is
absolutely critical is lyophilization (freeze
drying) of blood products. These products are
thermally very sensitive and water based. The
water must be removed for proper
reconstitution as a dose. Freeze drying is
accomplished at temperatures down to -400C
and at very low pressures (vacuum) Before

Processor Requirements

The atmospheric composition before and after
processing validates the preprocess
cleanliness “condition” (successful sterilization
and “normal condition”) and post processing
“product quality” (absence of coolant leaks or
any other “contaminants”). Definitive

Manual Valve composition concentrations below the action
.." limit are necessary. In addition to meeting the
; Sample Tee measurement requirements, the system must
:-.‘ ..... A o e S be at least semi-automated and easy for
ﬁ r’r uw rrekber operations staff to use.
o i Yacuum |
< pump The Solution

The microFASTtm GC coupled with an
automated sampling system is capable of
measuring the contaminants at the ppb level.
Common coolants are Lexsol and Siltherm.
Detection limits for either are below 5 ppb --

E— far below the levels that would be produced if a
______________________________ : leak occurred. Both coolants are within the C2-
C24 chain length capability of the GC.
EZChrom for instrument and sample system
control has the tools necessary for calibration,
alarming, data and report generation, including
the automation functions.

]
i
A ————— |
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HVROC

Protecting Our Environment and the Highly Reactive
Measurement Problem Volatile Organic Carbon
Processor Requirements Ozone Precursors

Continuously monitor total non-methane
hydrocarbons (TNMHC) in ambient air.

Take action at the 1 ppm TNMHC alarm limit.
Collect samples for speciation offline.

Report the findings.

Bulk TNMHC or Speciation of TNMHC
Components?

Online TNMHC analyzers cost as much as speciation
online and offline (contract lab) speciation is an

| want to Fly With The FALCON o )
additional, high cost.

Click here to learn how you can
be part of our FALCONfast
communications network.

Why not speciate, totalize and eliminate
offline cost?

Implement microFASTm GC for . . .

Online speciation of the mandated components.
Summation of the TNMHC components to detect the
alarm limit and for reporting.

Implement smart systems for
System suitability (validation of results).

A o o o b
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airtoxics

I want to Fly With The FALCON
Click here to learn how you can
be part of our FALCONfast
communications network.

http://www.falcon

Protecting Life and
The Measurement Problem

Processor Situation
Hazardous materials (Hazmat) are used to make
valuable consumer products.

Processor Requirements

Continuous monitoring is required for spill and leak
detection at low parts per million or parts per billion,
with alarming at levels well below “lethal limits.”

The Solution

Deploy microFASTTM GC and Smart system for:
automatic measurement, including calibration,
sampling, speciation of Hazmat components, alarm
and reporting; automatic display of results,
measurement system condition and alarm status;
and archival of individual results including
chromatograms, with sensitivity, ease of use,
intelligence and cost effectiveness.

Air Toxics & Other
Air Pollutants

COM;, £y T 0 +61(0)3 9762 2034 | Australian Distributers

Iasporters & Manafscrurers
ECH wotowmy Pyl www.chromtech.nct.an
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hydrocarbonsinwastewater

I want to Fly With The FALCON
Click here to learn how you can

be part of our FALCONfast
communications network.

http://www.falcon

Hydrocarbon spills & leaks are costly
events resulting in loss of product to waste,
use of manpower and other resources to
correct the problem, damage to the
environment, and regulatory and public
relations issues. This all leads to lost
productivity and profits.

Prevention of “spill & leak events” into the air,
process or waste water, or the ground is
critical to process operation. Inevitably, spills
and leaks will occur requiring a system for
detection and diversion of the material for
process corrections and water remediation.

C4 to C24 hydrocarbons exhibit varying
volatility and solubility in water. These
properties vary with temperature.
Production shares cooling towers. So
multiple hydrocarbon product types use the
same heat exchange system and once
through cooling water shares the same
discharge point.

Thus, simple leak detection using
wastewater total organic carbon (TOC) is
unsuitable. It provides no speciation for
product type spilled or leaking and varying
temperature dependent solubility of the

R e e o e e 11

T T, L T L LT L)

Hydrocarbons
In Water

The Solution: Headspace gas sampling
and

microFASTtv GC hydrocarbon
measurements.

Turbulent water is like a sparger, volatilizing
hydrocarbons into the headspace gas above the
water. The microFASTtm GC traps and
concentrates the hydrocarbons. The system
effectively performs like a “purge & trap” GC,
enabling low level hydrocarbon measurement
and speciation of products to determine the
location of leaks.

This solution can be applied to gas samples from
C2 to C14 in carbon number and any chemical
having at Ieast one C H bond, including O, N, S,
5 ppb to high

COMn £y 0 +61(0)3 9762 2034
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refinery

I want to Fly With The FALCON
Click here to learn how you can

be part of our FALCONfast
communications network.

http://www.falcon

Squeezing More Fuel from a Barrel of .
C?ude 9 Falcon Analytical

and the Measurement Problem Solutions

or Refinina Fuels

Processor Situation

Modern refineries must contend with broadly
varying crude oil feedstock and changing
product demands. In addition, “local’
variability due to regional and national -
regulatory requirements, high margin
boutique fuels opportunities, and other “value
chain issues” impact process models.
Quickly and accurately characterizing the
crude and more importantly its various boiling
range fractions is necessary to establish
optimum operating conditions and to control

Fewo £

- The Solution

% ~ microFASTtm GC simulated distillation

: // gas chromatography combines fast, low
£ /s thermal mass and easy operation in a
fo / rugged, shoe-box-size equipment package.

zz 7 The microFASTTv GC allows the processor

" to utilize the same equipment, methods

o : and, where appropriate, the same

- - " edinaromeear .o chemometric models in the lab, at line or

on line. With analysis cycle times of less

Processor Requirements than 5 minutes -- more than 10 times faster
Laboratory and process gas chromatography than traditional simulated distillation GCs --
(on-line, at-line and near-line) have been the microFASTt™ GC brings near realtime,
employed for this work. However, analysis information rich results to online

times (60 minute or more cycle times) and
in-plant equipment environment limitations
have often forced processors to rely on less
frequent lab and near-line lab measurements
to confirm process operating models. While
these methods work reasonably well, they
provide limited opportunity for improving any
process. Rapid, on-line and at-line simulated
distillation measurements are one example of
a solution that would enhance the
characterization of feedstocks and product
streams, and ultimately improve yield.

process control.
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compositionon-site

On-Site
On-Site Composition Triage
Environment and Safety “events” require definition Measurement
of the components present during an event and the Su rveys
"background condition”, as well as concentration
levels, and the scope of possible contamination
(area, depth). These requirements often lead to
Composition Triage Surveys. Almost by definition
these surveys require immediate delivery of
compositional analysis.

I want to Fly With The FALCON

&6l here 10 a0 1O 1O CE Falcon Analytical On-Site Measurement

be part of. our FALCONfast Services

communications Nework. include rental of the super-fast microFASTtm GC
and necessary sampling systems, as well as the
services of a Consulting Analytical Chemist. This
Falcon professional is an expert analyst who can
adjust to conditions encountered in the field and
nrovide exnerimental de<ion_result aeneration,
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compositionshorttermprocess
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Process Control “prevention of events”
requires definition of the "normal" background
for components of interest, as well as
minimum detectable levels, “alarm” levels for
“events” and any requirement for long term,
fixed installation measurements. These
requirements often lead to Short Term
Measurement Campaigns. These short term
campaigns are also useful for process
evaluations and demonstration of composition
measurement feasibility.

Falcon Analytical Short Term Services
include rental of the super-fast microFAST™
GC and necessary sampling systems, as well
as the services of a Consulting Analytical
Chemist. This Falcon professional is an expert
analyst who can adjust to conditions
encountered in the field and provide
experimental design, result generation, data
interpretation and reporting services.

Short Term
Process
Monitoring
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microFASTTMGC

LHLEY f// f//

During the closing years of the last
millennium, the great, primal gas
chromatograph designs came to
dominate the industrial landscape.
These hard-working brutes served well.
But the technical environment changed
radically. To fit the requirements of this
new environment, the mammoth GC of
the past had to evolve into a smaller,
faster more agile breed of analyzer.

| want to Fly With The FALCON
Click here to learn how you can Enter the Tiger . . . the microFASTTm
be part of our FALCONfast GC
SO EHEEUOTS MEIEr from ASI. The microFASTt GC is small
but ferociously powerful. Fast yet
extraordinarily reliable. Friendly to the
user, but tough enough for any
application. The microFASTtv GC is the
next evolutionary and revolutionary
achievement in the development of the
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Instrumental Variance:

The Measurement Problem

All XY data varies at some level or another,
whether in spectroscopy where both
wavelength and absorbance can vary, or gas
chromatography where retention time and
peak areas can vary. Regardless of how well
controlled the analytical system is, even
simple measurements need correct data
interpretation, including accurate peak
identification by retention time and validation
of the measurement system performance.
Fast gas chromatography makes GC work
more like spectroscopy. With 10’s or 100’s of
chromatographic results produced per hour,
automating the data interpretation process
becomes highly desirable, if not an

absolute requirement.
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Use of Chemometrics in
Fast GC Analysis
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Infometrix LineUp: The Solution

LineUp is an easy to use and statistically valid
software application. LineUp establishes a
target “gold standard” calibration file.
Subsequent runs are “aligned” to conform to
the gold standard retention time within user
set statistical limits and without effect on peak
values. Fully integrated and automated,
LineUp is a application module called by
standard EZChrom GC control and data
handling software from Agilent. LineUp
produces a data file that can either be
manually or automatically processed by
standard EZChrom, or delivered to Infometrix
Pirouette software for chemometric
applications, including Principal Component
Analysis, Multiple Linear Regression,

Partial Least Squares and other valuable
interpretive applications.
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pirouette
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Complex Mixtures and the

Data Interpretation Problem

Getting information and knowledge from
data is not simple. It requires human
intervention to separate systematic
variances from real sample changes.
This is especially true for complicated
mixtures like refined products where
there are constant changes in feedstock,
process conditions and product
formulations.

The same is true of fast gas
chromatography where, speed and
resolution are optimized. There can be
10’s to 100’s of results per hour. And
technical support is limited in production
environments like global refineries,
offshore platforms, pipe line terminals
and other non-lab locations. Automated
data processing and intelligent systems
are required for these applications and
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Infometrix Pirouette:
Making the Complex
Simbple
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The Solution: Infometrix Pirouette
Infometrix Pirouette provides a full suite of
Chemometric Tools, Principal Component

Analysis, Multiple Linear Regression, Partial

Least Squares and simple reporting. The

software can be customized to the application

directly from the microFASTtm GC and
EZChrom data engines and also provides
data archiving for historical retrieval.
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Low Concentration Light Gases:
The Measurement Problem
Some process GC applications need more

sensitivity than a conventional GC can deliver.

These applications include ambient air
monitoring, trace analysis of feed streams for
catalyst poisons, trace water analysis for
corrosives, finished product quality, and
environmental water or air quality analysis.

Other solutions exist that are manual or at
least maintenance intensive. They require
consumable resources that are either
inaccessible “in plant” or expensive. And
these solutions are often fragile or require
significant operational tech support.

The Solution: TSE, a Dow Invention
Simply put TSE is an enclosure for chilling a
portion of capillary column at the proper time
in the chromatographic run. The chilled
column traps the component of interest.
Subsequent heat from the GC oven rapidly
pushes the trapped component into the
measurement system resulting in 10 to

100 times improvement in minimum

Aatantahla laviale

Targeted Signal
Enhancement

Benefits of A Process GC Application
Module TSE

- S/IN enhancement for any process GC analyte

- 10 to 100 times improvement in sensitivity

- Reliable, inexpensive and very low maintenance
- Robust and simple

- Can be retrofitted to virtually any process GC

- L aboratory implementation is possible as well
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Falcon Analytical
Introduces the
CALIDUS» microGC
Faster, Smaller, Smarter,
Easier and Greener than
Traditional Gas
Chromatographs

CALIDUS™ microGC with optional autosampler and laptop interface.

FASTER - With analytical cycles 10 to 50 times faster than traditional
gas chromatography, the CALIDUS™ microGC vastly increases
responsiveness for the data consumer. Less time spent waiting on results
means more productivity and timely control of the measured process. In
the hands of lab and process managers, the speed of the CALIDUS
microGC can translate into better quality products, produced faster and
more profitably than ever before.

SMALLER — Elimination of the air bath column ovens, required for
traditional gas chromatography drastically reduces the CALIDUS™ micro
gas chromatograph footprint. Yet, the CALIDUS microGC delivers all the
functionality of the much larger, high thermal mass, traditional GCs. At
less than 25 pounds, CALIDUS offers advanced analytical chemistry in a
highly compact and transportable package.

The smaller size of the CALIDUS microGC means more efficient utilization
of space and, ultimately, bigger profits for the user. The price per square
foot for laboratory bench top space may only be exceeded by the cost of
installation for online systems in the processing plant. The small CALIDUS
footprint allows for higher installation density in the laboratory and in
shelters for process applications. This small footprint also enables process
installation schemes that place the analyzer much closer to its sampling
point in the plant. Closer proximity means less sample lag time, as well as
more representative measurements for process control.
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SMARTER — Using modern computing with standard operating systems
and software, the automated CALIDUS microGC frees valuable technical
resources from the daily grind of interpreting and validating
chromatographic results. Built-in LineUp™ technology from Infometrix,
Inc. virtually eliminates misidentification of components and drastically
reduces the need for expensive calibration sample runs. Less time spent
calibrating the analyzer means more time spent on more economically
valuable diagnostics, most notably measured process deviations from
the setpoint.

EAS/ER - Proprietary, plug and play temperature-programmed gas
chromatography column modules allow the CALIDUS microGC to avoid
the complicated and troublesome valve schemes used in isothermal
process analyzers and many lab gas chromatographs. Global patents are
pending for this unique micro gas chromatograph.

Correlation between laboratory systems and online process control
systems becomes realistically possible with the CALIDUS microGC,
because both physical packages use the same measurement principle,
hardware and methodology. Applying the CALIDUS microGC in-lab and
online means less time spent reconciling lab and process measurements
and validating which result is correct. More time can be spent working on
more valuable, direct process optimization.

GREENER - The obvious and extraordinary features and benefits of the
CALIDUS microGC combine to yield something that may not be that
evident: Green Process Analytical Chemistry. CALIDUS is greener —
whether in the control laboratory, online in the processing plant, near line
in the pilot plant or when transported for field measurements. Consuming
less than 300 Watts in operation, the CALIDUS microGC uses a small
fraction of the traditional gas chromatograph consumption rate of up to
3000 Watts.

With analytical cycles that are a minimum of 10 times faster and the low
electrical load needed for operation, the CALIDUS microGC power
consumption per analysis is 1% or less of the energy required by
traditional gas chromatography. Combine these savings with the reduction
in workload for air conditioning systems and the CALIDUS solution is
greener still. The CALIDUS product life cycle environmental impact from
manufacturing throughout its useful lifetime to disposal is far less than
traditional GCs.

THE RESULT — Faster, Smaller, Smarter, Easier and Greener = better
quality, increased productivity, profitability and versatility, with far less
hassle and environmental impact. That summarizes the successful,
business application equation for the CALIDUS™ microGC.

Please review all the content in this brochure and then contact Falcon
Analytical to discuss your potential applications.
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CALIDUS ¥

General Specifications shown here.
Operating Environment See specific model literature for details.

Operating Temperature Range: 0°C to 35°C
Storage Temperature Range: -20°C to 60°C
Relative Humidity Range: 0 to 100% (non-condensing)

Power Requirements

Less than 300 watts peak power at startup, practical use < 200 Watts for
gas or liquid analyses 24 VDC supplied from external power supply, 100
-240VAC using 50/60Hz AC.

Safety

General purpose, light industrial (lab instrument environment)

CE Mark and Nationally Recognized Testing Laboratory (NRTL) certified
(TUV Rheinland) pending.

Gas Supplies
50 PSIG, 99.995% hydrogen at up to 250 ml/min, 50 PSIG Zero air for
FID operation.

Sample Requirements (via split/splitless injector with septum purge)
Air or gaseous samples. Membrane, SPME and static and dynamic
headspace extracts. Direct liquid injections neat or dilute organic
solvents (DCM, Hexane, MEK, Toluene, methanol, etc.).

Dimensions
17" wide by 8.5" deep by 11" high, ~ 25 Ibs. Uninterrupted power supply
and data acquisition computer external to the base unit.

Controls/Outputs

All functions and parameters can be set via Ethernet or USB. Start
analysis can be triggered from the instrument display panel or by
method from an external computer running ChromPerfect Software™.
Column signals are digitized for each column in 24-bit resolution, the FID
at 100 Hz and TCD at 50 Hz. ChromPerfect also supplies a full array of
control and processing options for other analyzer functions and settings.

Front Panel Displays

The front panel is an LCD touch screen supplying temperature and
pressure readings, function on/off, power on/off, status of analysis
columns (isothermal, programming, cool down, ready, and cycles run).

Performance (application dependent)

Repeatability of £ 1% RSD or better (area) and of £ 0.1% RSD or better
(retention times). Analysis times for VOCs can be <20 seconds and for
SVOCs <60 seconds. Dynamic range depends on detector used and
application (FID typically 10°).
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\X¥’hy Falcon?

Why did the producers of the CALIDUS™ microGC choose the name
“Falcon” for their company and the name “Calidus” for their first
proprietary analyzer?

The Peregrine Falcon (Falco Peregrinus) has been a symbol of speed
and power for centuries. Falconry, the use of birds of prey in hunting,

dates back to the year 2000 B.C. Because of its strength, intelligence

and maneuverability, the Falcon was always prized among those who
hunted with powerful birds.

The Peregrine Falcon can reach speeds over 200 mph (320 km/h) in a
dive and flying speeds of up to 120 mph (192 km/h), making it the fastest
animal on the planet. Highly versatile and adaptable, the Falcon can be
found nearly everywhere on Earth.

The Falcon is compact, with a body length of 13 to 23 inches (34 to 58
centimeters). The Falcon is light, with the heaviest examples of the
species weighing only about four pounds. The Falcon is reliable and
devoted. It mates for life.

\X¥hy Calidus?

The Calidus Falcon (Falco Peregrinus Calidus) may be the heartiest and
most adaptable of all the Falcons, ranging from the Arctic to Sub-
Saharan Africa. While some races of Falcons have been seriously
threatened by environmental challenges, the Calidus has continued to
thrive in all environments. Symbolic of the portability of the analyzer
bearing its name, the Calidus is fully migratory, moving from its
northernmost range to its southernmost habitat with the turn of seasons.

It is easy to understand why this company chose the Falcon and the
Calidus subspecies to symbolize their enterprise and their extraordinary
new gas chromatographic analyzer.
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CALIDUS

micro GAS CHROMATOGRAPH

The CALIDUS™ microGC is a fast programmed temperature
micro gas chromatograph consisting of . . .

Heated split/splitless injection port including septum purge
and 350°C maximum operating temperatures. The inlet can
accept gas or liquid syringe injections or optionally use an
automated gas or liquid sample valve.

Two column modules for simultaneous detection on two
individual column types.

Plug and play, precalibrated and individually programmed
temperature column modules, enabling dual simultaneous
analysis on the same sample, using different separation
media and temperature profiles for maximum selectivity.

Flame lonization Detection and Thermal Conductivity
Detection (constant temperature filament) are available.
Maximum detector operating temperature is 350°C.

ChromPerfect chromatography data system running on a
Windows PC.

System configurations enabling measurement of fixed gases
up through components with boiling points equivalent to
n-Cso. Samples can be gas or liquid phase and can be directly
injected into the split/splitless injection port. Optional SP/ME
and other sampling methods are available.

See the technical specifications inside for more information.

Mailing Address:
PO Box 518
Ronceverte, West Virginia 24970

Express Deliveries & Physical Address:
100 AEI Drive Fairlea, West Virginia 24901

Tel: (304) 647-5860 Fax: (304) 645-4006

www.falconfast.net
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Methane through Hexane
Repeatability Studies

3/14/2010
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Comments: Methane through HexaneM "\ ﬂ B

I ——
Chromatographic Conditions Comments on Chromatography
Sampling Basic chromatogram

1000 ppm calibration standard bottle Peak shapes are great

Pressure regulated at the bottle Methane/ethane resolution is good

Sample shut off valve after the Signal to noise is good

regulator Minimal baseline noise & drift for PTGC

Restriction downstream of Valco rotary operation

gas sample valve Analysis speed is good ~ 3 min cycles

Split injection at ~60 uL Integration method

Column Module
Mxt-Alumina PLOT, 320 micron ID, 2

Wide retention windows chosen to
Insure all components integrated

meters No outliers would be rejected
Temperature Program This may have
|hltla| T=35°OC Increased the area RSDs but
Fl_n_al T=200°C The prime goal was to get significant
Initial hold =5 seconds data on retention time RSDs
Ramp rate @ 2°C/second The method could be tuned for faster
Final hold =20 seconds, 107 sec. total cycles

Detector Module = FID @ 150°C




Methane through Hexane
100 Consecutive Runs Overlaid
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Comments: Methane through Hexane | |
100 Consecutive Runs Overlaid

Retention times appear very repeatable.

Peak integration starts and stops show some
variability and could be fine tuned.

Peak heights appear very repeatable.
Statistics follow.




Methane through Hexane Summary

100 Run RT Statistics (no outliers rejected)
Methane |[Ethane |Propane |Butane Pentane [Hexane
Average | 0.100218| 0.145572| 0.321795|0.625310101| 0.939598| 1.23237
Std. Dev. | 7.96E-05 0.000103| 0.000137|0.000242224| 0.000407| 0.000812|AVG
%RSD 0.0794%| 0.0705%| 0.0427% 0.0387%| 0.0433%| 0.0659%| 0.057%
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100 Run Area Statistics (no outliers rejected)
Methane| Ethane |Propane| Butane |Pentane| Hexane
Average | 2117.64 | 4253.89 | 6282.28 8363.68 |10325.85| 12459.9
Std. Dev. | 16.467 |36.48464| 51.6748 | 131.788542 |96.32881|102.4173| AVG
%RSD 0.7776% | 0.8577% | 0.8225% 1.5757% 0.9329% | 0.8220% | 0.965%




Comments: Statistics
Methane through Hexane

I ——
Retention time repeatability is excellent at < 0.06%.

Area repeatability is excellent at < 1.0%.

No outliers were rejected even though simple t tests
probably would have identified several to reject.

No processing was done such as retention time
alignment.

Liquid sample valve or auto injector repeatability should
be even better. That demonstration is coming soon.




Diesel Range Organics

3/23/2010
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C,,-C,; to Establish Carbon Number

C10 to C25 FID 1.0026.RAW:Plot 2
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Broad Boiling Range Hydrocarbons

s)0ADIN - asundsay

C10 to C25 FID 1.0029.RAW:Plot 3
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Work Done on Crude
Evaluations

Through 4/2/2010
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C: to C,, to Establish Carbon Number
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Typical Crude Overlaid C. to C,,

Chrom Perfect Analysis [SingleUser-] - [Overlay]
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Resolution of Isoprenoids

Chrom Perfect Analysis [SingleUser-] - [100324 A.0029.RAW:Plot 6]
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Polywax Standard on Calidus
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Calidus Performs over a Broad Range.

Low boliler performance is excellent.

Methane to hexane resolution & repeatability meet the
requirements.

Addition of thermal conductivity detector modules is coming
soon to enable air component detection.

Resolution and speed meet simulated distillation requirements.
GRO and DRO can be done with moderate conditions.
ASTM D-2887 can also be done at higher temperatures.

With appropriate sampling technique an n-C., endpoint can
be done.

The polywax standard sample demonstrated n-Cg, in boiling
range will be possible with more work.
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jutroducing the . ..

microbAST-GC
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Enter the Tiger

During the closing years of the last
millennium, the great, primal gas
chromatograph designs came to dominate
the industrial landscape. These hard-
working brutes served well. But the
technical environment changed radically.
To fit the requirements of this new
environment, the mammoth GC of the past
had to evolve into a smaller, faster more
agile breed of analyzer.

Enter the Tiger . . . the microFAST™ GC
from ASI. The mlcroFASTTM GC is small
but ferociously powerful. Fast yet
extraordinarily reliable. Friendly to the user,
but tough enough for any application. The
microFAST™ GC is the next evolutionary
and revolutionary achievement in the
development of the gas chromatograph.

COM.-lyr-r +61(0)3 9762 2034
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The microFASTMGCis ...

Small — really small — the microFAST ™ GC is actually about the size of a
shoebox with a footprint of approximately one square foot.

Fast — really, really fast — speed of analysis is typically 10 times faster than
previous technologies. We're talking seconds not minutes.

Lightweight — approximately 12 pounds — this gas chromatograph is very
light on its feet — a truly transportable GC.

Tough - this little GC is no pussycat. The microFAST™ GC is built rugged
enough for on-line, at-line, lab, and field use.

Economical — the microFAST™ GC was born with the eye of the tiger, but
this bantamweight fighter isn’t hungry. Power consumption is less than 300
watts even at start-up. That saves on AC and makes field use with batteries
or automobile AC inverters just an ordinary workout.

Easy to Use - installation and operation are simple and easy. A desktop or
laptop PC is the primary user interface. Chromatograms are accessed in real
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The Eve of The Tijer

The microFAST™ GC is a programmed temperature gas
chromatograph. Sample acquisition is achieved using a syringe or
valve inlets, leading to a flash evaporator. Sample is delivered to an
adsorbent trap for concentration. The concentrated sample is
simultaneously delivered to dual capillary columns and dual flame
ionization detectors (FID).

Gas phase hydrocarbon samples containing measurement targets
from high parts per million down to sub part per billion can be
measured. Liquid hydrocarbons diluted in a volatile liquid solvent can
be measured in the same concentration ranges. Configurations of
trap, column and analytical method can be made for virtually any
hydrocarbon from ethane to C,,. Of course, headspace, liquid extract
and SP/ME samples will fit within the measurement range.

The Tale of The Tape

- Wide measurement range - % to ppb

- Quick Turnarounds - 10 times faster

- Fewer analyzers to do the same work

- Reliable - highly repeatable

- Small space required - no big shelters

- Truly portable - lightweight & low-power
- Highly adaptable - in-lab, on-line & at-line
3 - Reduces costs - boosts productivity

The Nature of the Breed

The microFAST™ GC is a highly selective and sensitive specialty gas
chromatograph. In the hands of a qualified user it is capable of
performing very fast, low level hydrocarbon measurements in laboratory
or field environments. With |ts lightning speed of analysis, small size and
light weight, the microFAST™ GC offers significant cost and productivity
advantages over more traditional GC designs.

The microFAST™ GC'’s speed of analysis is 10 times faster than
competing GC designs. That means very quick turnarounds. In many
applications fewer instruments will be required to do the same work.
Capital costs can be reduced. Production and revenue can be increased.

The small size of the microFAST™ GC will result in increased lab

bench density and reduced space requirements for GC instrumentation in
any application. The microFAST™ GC'’s footprint is only about one
square foot.

The instrument’s small size, combined with its 12-l1b weight will also
enable field application transportability. Since the same analyzer can be
easily carried to more than one measurement point, fewer analyzers may
be required for on-line and at-line applications as well.
O N o = Australian Distributers
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Friendly to the User

Installation and operation of the microFAST™ GC
are simple and easy. A desktop or laptop PC is
the primary user interface. Computers connect to
the analyzer through a standard R8232 port on
the analyzer’s back panel. Windows™ compatible
software supplied on CD enables simple point-
and-click PC to analyzer setup.

All analyzer operation, monitoring and trouble-
shooting can be performed via PC.
Chromatograms are accessed in real time and
viewed on the PC monitor with available Agilent
EZChrom Elite® software. Desktop PCs are
recommended for stationary applications;
laptops, of course, for portable use.

The microFAST™ GC with laptop PC
interface. Chromatogram read-out is
displayed on laptop monitor.

The microFAST™ GC Back Panel.
RS232 Connector is on the right.
Autosampler Connector is below it.

The microFAST™ GC’s own front panel design also assists ‘1,
operation. The panel includes an instrument status display
and column temperature status LEDS The instrument status
display provides temperatures in °C for Columns, Trap,
Injection Port and Detector. Pressure readings for Columns,
Injector and Detector are also displayed.

The microFAST™ GC Front Panel. microFAST GC

Injection sampling port is shown at the

top of the photo. Instrument status o Y%
display is lower left. Column o s
temperature LEDS are lower right. cee *

Close-up of microFAST™ GC’s Instrument Status Display. Top two lines
display temperatures in °C for Columns, Trap, Injection Port and Detector.
Bottom line indicates pressure of Columns (C), Injector (l) and the Detector (F).
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Modest Habitat and Feeding Requirements

The large shelters needed for many on-line and at-line appllcatlons
may also be eliminated. The truly portable microFAST™ GC wiill
allow the user to make many measurements without deploying any
fixed-position analyzers. If shelters are needed they will certainly be
much smaller, with lightweight analyzers that can be easily
redeployed for other use, or removed for maintenance and repair.

The microFAST™ GC'’s power consumption is less than 300 watts
even at start-up. That results in significant energy savings on AC
power and enables field use with batteries or automobile AC
inverters.

All these features and benefits translate into significant cost
reductions, increased productivity and provide the user with a unique
opportunity to apply this innovative technology in a wide range of
applications.

The speedy microFAST™ GC will also allow expert
chromatographers to achieve more, sooner as they pursue their
own proprietary methods development.

Infometrix'" software is available to provide analyzer
system suitability and condition monitoring and detect
real analytical sample concentration events in the plant.

Automatic discrete liquid injection sampling is easily
accompllshed using a handy port at the front of the
microFAST™ GC. A proprietary, liquid Autosampler
system is available for applications requiring high
throughput.

The COBRA™ Autosampler, manufactured by Central
Development Company, is S|mple self-contained and
connects to the microFAST™ GC using a ready port on
the analyzer’s back panel.

The microFAST™ GC Autosampler is simple, self-contained and
connects to the analyzer using a ready port on the back panel.
(See the Back Panel photo on opposing page.)
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A Highly Adaptable Species

The microFAST™ GC has the capacity to adapt
successfully in a wide range of application environments.

- Hydrocarbon and other chemical processing - Solvent extraction methods

- Pipeline transportation of hydrocarbon products - Ambient air gas methods

- Pharmaceutical production - Soil gas and soil solvent extractions

- Food and beverage processing - Ambient air sampling

- Environmental testing services - Medical breath analysis

- Regulatory compliance testing - Mobile labs for ozone precursors in air
- Analytical research and development - Field-based spill and leak detection

- HRVOC sensing methods - Environmental applications

- Fixed-base, fence-line monitoring - Homeland Security applications

Naphtha Product Spill Detection

microFAST GC™ coupled with Infometrix
Pirouette chemometric software easily
detects and identifies normal background
from spill and leak situations in a plant. The
Principal Component Analysis Scores plot
below shows the ability for not only detecting
the event but also identifying the production
source (product) of the leak. Fast results
enable fast remediation.

PCA Scores Plot

The chart shows definitive sample clusters
representing the microFAST cc™
chromatographic result above. Background

@ Soivesso 200 ULN samples represented in dark green always
appear the same. Product leaks are
P definitively clustered together by product. The
Solvesso 200 ULN

light green cluster represents a distinctive
S Spivesso 2t product at similar concentrations. The red

Ww data points represent another product at

gradually increasing concentration. Thus, not
only are spill & leak detection provided but
also product identification and quantity.
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The microFAST™ GC — not the sort of animal you meet everyday.

Fast, small, light, highly adaptable and very reliable. Doesn’t take up much
space. Doesn’t eat up much energy. Boosts productivity. Reduces costs.

It's no man-eater. In fact it's quite friendly to the user.

You owe it to yourself to examine this new breed of gas chromatograph more
closely. To learn more about the microFAST™ GC visit
www.microFASTGC.com or, email: info@microFASTGC.com.

HRVOC Ambient Air Monitoring

Calibration standards for highly reactive
volatile organic carbons demonstrate the dual
channel capability of microFAST GC™. Most

of the speciated components are shown on
Channel 1 while total non-methane
hydrocarbons and o-xylene are measured on
the second column Channel 2. Fast analysis
enables 3 measurements in 10 minutes for
average value reports for local regulators.
The limit of detection is as low as 0.5 ppb for
some components with most at about 5 ppb.

Tea Aroma Characterization g ; P

22 aldehyde, ketone, alcohol and acetate
components that make up the standard blend
for product flavor and fragrance
characterization overlaid a Tea Aroma
Sample. Excellent resolution on the standards
and the natural product samples are produced
in just 80 seconds. Replaces older technology
60 minute run speeds for product quality
assurance and production. SP/ME sampling
and pattern recognition using Infometrix’s
Pirouette are used to simplify operations for
plant personnel.

Lexsol Leak Detection R CaEoCuies

Lexsol is a kerosene-like coolant for
lyophilizers operated at -40°C and 107
atmospheres. Flexible coolant lines enable
movement of product trays but may allow
minute leaks that are disastrous for a sensitive
product being dried. The distinctive Lexsol
boiling range distribution is far different from
other potential organics in the lypholizer

environment. The speedy microFAST GC™

an ideal, specific sensor for ensuring no
product exposure to coolant and the product
users’ safety and security in this application.
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http://www.falconfast.net/Front%20Desk/Desktop/ASI%20Files/Brochure%20Various/Final%20Version%20for%20Print/info@microFASTGC.com

Targeted Signal Enhancement (TSE)

A Powerful Means of
Boosting Process GC Detection Limits
by 1-2 Orders of Magnitude

R. Aaron Eidt (email: eidt@dow.com)

Dow Chemical Canada Inc.
Fort Saskatchewan, AB, Canada

Presented at IFPAC® 2007, Baltimore, MD, USA

Jan 30/07 - RAE Dow Chemical Canada Inc.




What’s the Problem?

+ Some Process GC Applications Require More
Sensitivity than what Conventional GC can

Deliver I e

¢ Ambient Air Monitoring 5 180 165 70
# Trace analysis of feed streams for catalyst poisons
¢ Trace water analysis for corrosion prevention

¢ Finished Product Quality

¢ Water Quality/Environmental
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What’s the Problem?

4+ Need a means to achieve lower detection limits

¢ Sample enrichment techniques: P/T, SPME,
Headspace, etc.

¢ New detector technologies: PDD, DMD, DBD etc.

+ These solutions often lack the ruggedness,
stability & low maintenance needed for a process
analyzer

+ Need a Simple & Rugged Solution

Jan 30/07 - RAE Dow Chemical Canada Inc.




What is TSE?

+ A process whereby a broad GC peak 1s
cryotrapped & then vapourized into a
narrower, taller peak

4+ The Result:

¢ Increased signal-to-noise ratio

¢ The ability to measure much lower
concentrations than before

Cryotrap & Vapourize

Jan 30/07 - RAE Dow Chemical Canada Inc.



I'SE Background

+ TSE concept demonstrated 1n ‘97 by Marriott &
Kinghorn
¢ Required Liquid Cryogen
+ Not widely used in process GC’s for continuous use
¢ Due to Need for Liquid Cryogen

e Expensive, High Maintenance

¢ Need for Hazardous Area Classification

+ Great concept, but need it to be rugged for on-line use
¢ Eliminate the Need for Liquid Cryogen
¢ Low Maintenance, Rugged

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Design for On-line Use

"Things should be made as simple as possible,
but no simpler. “

~ Albert Einstein

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Design for On-line Use

+ Eliminate the Need for Liquid Cryogen

+ Employ Vortex Cooling for Cryotrapping
¢ Requires only 80-100 psig Compressed Air
+ Typically in abundant supply in process environments
¢ Achieves -40°C temperatures
¢ Encased & Insulated — Quiet Operation

+ Employs GC Oven-Heated Air for Vapourizing

¢ No additional heat source required
+ Timing of Cryotrapping/Flashing controlled by GC
+ Capillary column phases used as the trapping medium
+ Assembled with mostly off-the-shelf parts

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Design

®
Vortex
Tube \
®
Vapourization 2
Air Vent
ToGC )
Detector
®

®
Legend:
jﬂm@— Vortex Cooler Cold Air Flow = - = - -
Air Vent Warm Air Flow - - - -~
®
18]
3-Way
e Valve
\/‘ Column
“In
®

TSE Cold Zone
-20°C to -40°C

Jan 30/07 - RAE
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10’ x 1/8” Copper Tubing
Inside GC Oven

Dow Chemical Canada Inc.

- Firons..
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I'SE Design Advantages

+ 100% Pneumatic (no Hazard Class. Barriers)
+ Retrofittable to most any GC
+ Absurdly Simple

¢ One Moving Part: 3-way valve to redirect air flow
¢ Virtually Maintenance Free

4+ Small — Can fit inside a Process GC Oven
¢ Dimensions: 6.5 x 3.5 x2”

+ Quiet Operation
+ Economical

-l HRrROM 101043 0702 2034 | Aceloliam Bkeribute
e —— pOrTery e
— ECH w.ch

Website NEW : www.chromalytic.com.au E-Mail : info@chromtech.netau fei: 22034 . .. 1n AUSTRALIA
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GC/TSE Oven Schematic

10-port Backflush

O

° ° Analytical
Column

TSE Unit Fits
Inside GC Oven

Backflush ‘

—»
' Backflush

Jan 30/07 - RAE Dow Chemical Canada Inc.




f Z E ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0315.D)

i ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0314.D)
5oooooj

Benzene
Benzene Successfully (TSE Enhanced)

w000 1rapped & Flashed

Gas Standard — 2 ppm
300000 Column: CP-Sil 5 CB
Sample Volume: 0.5 mL
Detector: FID

TSE Trap Temp: -25°C
S/N Gain: 16x Benzene
(No TSE)

100000 \

Time (min)

200000

Jan 30/07 - RAE Dow Chemical Canada Inc.




ITSE of C,Hydrocarbons

‘ W ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0550.D)

uv |

100000 Gas Standard: 5 ppm each
Column: HP PLOT U
Sample Volume: 1.5 mL
Detector: FID

C; Matrix

1,3-Butadiene
1,2-Butadiene

30000

20000
0

Time (min)
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TSE of C, Hydrocarbons

ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0552.D)
‘ ‘ ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0550.D)

uVv ‘
1000000 |

C; Matrix 1,3-Butadiene
(With TSE)

C4, S Sll cces sfully \ 1,2-Butadiene

(With TSE)

Trapped & Flashed /

Propylene

Tail
Standard — 5 ppm each o \ Propylene
Column: HP-PLOT U Tail

Sample Volume: 1.5 mL \
Detector: FID
TSE Trap Temp: -25°C 1,3-Butadiene

S/N Gain: 1,3-BD: 78x No TSE 1,2-Butadiene

1,2-BD: 55x \' NoTSE

X

200000

3 Time (min)
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TSE of C, Hydrocarbons

uV- ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0126.D)
450000

oo C5’s Successtully  Acetylene Ethylene
(With TSE) Ethane

Trapped & Flashed (With\TiE) / (With TSE)

350000

Gas Standard: 15 ppm each
Column: CP-CarboBOND
Sample Volume: 0.5 mL
Detector: FID

TSE Trap Temp: -25°C
S/N Gain:

150000 ACCtYlene — 10x

Ethylene — 14x z‘?\lcetjyﬂgf Ethylene Ethane
100000 Ethane — 12x © (NQTSE)  (NoTSE)

300000

250000

200000

Methane

50000

15 . 2,
Time (min)

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE of Methanol

0.0200 l

12-JUL-2006_22-51-36.dat

0.0175 - Methanol

0.0150 - Packed Column 5 ppm
No TSE

Analysis of Methanol NV

0.0125 ~

Gas Standard — 5 ppm Methanol
Columns: CW20M on Chrom T Matrix PW,, = 20 sec
0.0075 Sample Volume: 3 mL R \ ’
Detector: FID P

0.0050 - \'

0.0025 -

0.0100 -

0.0000 T
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375
Seconds
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I'SE of Methanol

12-JUL-2006_21-36-00.dat
12-JUL-2006_22-51-36.dat

Methanol
S ppm

Methanol Successfully With TSE

Trapped & Flashed

Gas Standard — 5 ppm
Column: SS ValcoPLOT D
Sample Volume: 3 mL
Detector: FID

TSE Trap Temp: -25°C
S/N Gain: 45x

Jan 30/07 - RAE

Methanol
/ PW,, =0.5 sec

Can now
Methanol measure Methanol
5 ppm at Concentrations
Without TSE 45x lower than before

l ~4 ppb detection limit

280 290 300
Seconds

Dow Chemical Canada Inc.




I'SE of Water

uVv j

600000

500000

400000

300000

200000

100000

H,O Successfully

Trapped & Flashed

Gas Standard — 0.3 % Water
Column: HP PLOT U
Sample Volume: 0.5 mL
Detector: TCD

TSE Trap Temp: -25°C

S/N Gain: 5x

Jan 30/07 - RAE

Oxygen &
Nitrogen

/

Water
(No TSE)

CO, \

Time (min)

Dow Chemical Canada Inc.

ADC1 A, ADC1 CHANNEL A (TSEIDR\TSE10002.D)
ADC1 A, ADC1 CHANNEL A (TSEIDF\TSE10001.D)

Water
(With TSE)

Sub-ppm Detection
Limits Possible using
Low Volume
Filament Detector




I'SE of Carbon Dioxide

ADC1 A, ADC1 CHANNEL A (TSEIDF\ACET0261.D)

uVv i ADC1 A, ADC1 CHANNEL A (TSEIDR\ACET0260.D)

co
140000 CO, Successtully (With TSE)

Trapped & Flashed /

Gas Standard — 100 ppm
120000 Column: CarboPLOT 007
Sample Volume: 1.5 mL CO,
110000 Detector: TCD (No TSE)
TSE Trap Temp: -25°C
S/N Gain: 11x

130000

100000

1.
Time (min) >

Jan 30/07 - RAE Dow Chemical Canada Inc.




IT'SE of Carbon Monoxide

ADC1 A, ADC1 CHANNEL A (TSEIDF\ACET0211.D)

uVv % ‘ ADC1 A, ADC1 CHANNEL A (TSEIDF\ACET0209.D)

R CO Successfully Carbon
180000 Trapped & Flashed Monoxide

(With TSE)
160000

Gas Standard — 1 % CO
140000 Column: MS-5A
Sample Volume: 1.5 mL
120000 Detector: TCD

TSE Trap Temp: -25°C Carbon

S/N Gain: 7x Monoxide
(No TSE)
80000

60000 l

40000

100000

20000

0 0.5 15 Time (min)
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TSE at Column Head

uVv

600000

500000

400000

300000

200000

100000

0

Jan 30/07 - RAE

0

ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\TSE00031.D)
ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\TSE00030.D)

Me(Cl, CyProp & VCM
Successtully Trapped & Flashed (With TSE)

Gas Standard — 5 ppm each

Column: HP PLOT Q

Sample Volume: 5 mL

Detector: FID

TSE Trap Temp: -25°C

S/N Gain: MeCl: 8X
CyProp: 17x
VCM: Ox

Methane
(No TSE)

X

0.5

Cyclopropane

|
Methyl
Chloride

(With TSE)

Vinyl
\ | Chloride
(With TSE)
Methyl
Chloride &
Cyclopropane
(No TSE)
Vinyl
Chloride
(No TSE)

2.
Time (min) S

Dow Chemical Canada Inc.




TSE Capabilities

+ Almost Any GC
Analyte Can Be
Signal-Enhanced

by TSE

Jan 30/07 - RAE

Some Analytes Successfully Enhanced by TSE:

Acetylene

1,3-Butadiene

Hydrogen Sulphide

Ethylene

1,2,-Butadiene

Carbonyl Sulphide

Ethane

Isobutylene

Mercaptans

Cyclopropane

Ethyl Acetylene

Sulphides

Propane

n-Pentane

Formaldehyde

Propylene

n-Hexane

Acetaldehyde

n-Butane

Benzene

Ethylene Oxide

1so-Butane

Methyl Chloride

Methanol

1-Butene

Vinyl Chloride

Carbon Monoxide

cis-2-Butene

Ethyl Chloride

Carbon Dioxide

trans-2-Butene

Carbon Tetrachloride

Water

Dow Chemical Canada Inc.




I'SE Precision at 5 ppm

Precision using TSE at 5 ppm

1,3-Butadiene - 0.52 %RSD
1,2-Butadiene - 0.62 %RSD
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® ],3-Butadiene
1,2-Butadiene

6:00
Time (hours)
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ISE Linearity

Linearity of Acetaldehyde by TSE
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R2? = 0.9983

Acetaldehyde Conc. (ppm)

— Linear Fit

6

8

Standard Concentration (ppm)

Dow Chemical Canada Inc.




I'SE Performance

+ TSE operated continuously for over 1 year
with zero maintenance required
+ Good Precision & Linearity

+ Equal to or better than conventional GC
methods for trace analyses

¢ Sometimes better due to improved peak shape

Jan 30/07 - RAE Dow Chemical Canada Inc.




ITSE Shortcomings

+ Vortex cooler requires min. 80 psig air pressure
# Insufficient cooling = Analyte breakthrough
¢ Monitor TSE Trap Temp & Alarm

+ Undesirable impurities cryotrapped as well
# Carrier gas impurities, Column bleed, etc.

& Requires short length of column after TSE trap
» Ineffective if impurity is same as analyte (e.g. Water in carrier gas)

+ Cannot trap extremely light analytes (yet)
¢ O,,N,, CH,, H,, Ar...

+ Generates peaks 0.5-1.0 sec wide
¢ Best for enhancing peaks > 2 sec wide

+ Potential to overload TSE trap exists

Jan 30/07 - RAE Dow Chemical Canada Inc.




Summary

4+ Vortex Cooler-Driven TSE:

¢ Can signal-enhance almost any process GC analyte

¢ Provides the capability to measure process GC analyte
concentrations as much as 78x lower than before

¢ Is Reliable, Inexpensive & very Low Maintenance

+ Offers the robustness of packed columns with the peak
widths of capillary columns

¢ Can be retrofitted to most common process GC’s
¢ Is absurdly simple, yet powerful
¢ Greatly expands the capability of process GC

Jan 30/07 - RAE Dow Chemical Canada Inc.




Targeted Signal Enhancement (TSE)

A Powerful Means of
Boosting Process GC Detection Limits

by 1-2 Orders of Magnitude

R. Aaron Eidt (email: eidt@dow.com)

Dow Chemical Canada Inc.
Fort Saskatchewan, AB, Canada

Presented at IFPAC® 2007, Baltimore, MD, USA

Jan 30/07 - RAE Dow Chemical Canada Inc.
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What’s the Problem?

+ Some Process GC Applications Require More
Sensitivity than what Conventional GC can

Deliver G

¢ Ambient Air Monitoring i e e Az
¢ Trace analysis of feed streams for catalyst poisons
¢ Trace water analysis for corrosion prevention

¢ Finished Product Quality

¢ Water Quality/Environmental

- T " Austratian Distributors |
Lﬂ*'-il-._-.y RQM e +51(0)3 9762 2034 larporters & Manuiscrurees Iz_f '3
i ECH o www.chromtech.netau

Website NEW : www.chromalytic.com.au E-Mail : info@chromtech.net.au Iel: 03 9762 2034 . . . In AUSTRALIA

Jan 30/07 - RAE Dow Chemical Canada Inc.




What’s the Problem?

4+ Need a means to achieve lower detection limits

¢ Sample enrichment techniques: P/T, SPME,
Headspace, etc.

¢ New detector technologies: PDD, DMD, DBD etc.

+ These solutions often lack the ruggedness,
stability & low maintenance needed for a process
analyzer

+ Need a Simple & Rugged Solution

Jan 30/07 - RAE Dow Chemical Canada Inc.




What is TSE?

+ A process whereby a broad GC peak 1s
cryotrapped & then vapourized into a
narrower, taller peak

4+ The Result:

¢ Increased signal-to-noise ratio

¢ The ability to measure much lower
concentrations than before

Cryotrap & Vapourize

Jan 30/07 - RAE Dow Chemical Canada Inc.



I'SE Background

+ TSE concept demonstrated in ‘97 by Marriott &
Kinghorn
¢ Required Liquid Cryogen
+ Not widely used 1n process GC’s for continuous use
¢ Due to Need for Liquid Cryogen

e Expensive, High Maintenance

¢ Need for Hazardous Area Classification

+ Great concept, but need 1t to be rugged for on-line use
¢ Eliminate the Need for Liquid Cryogen
¢ Low Maintenance, Rugged

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Design for On-line Use

"Things should be made as simple as possible,
but no simpler. “

~ Albert Einstein

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Design for On-line Use

+ Eliminate the Need for Liquid Cryogen

+ Employ Vortex Cooling for Cryotrapping
¢ Requires only 80-100 psig Compressed Air
¢ Typically in abundant supply in process environments
¢ Achieves -40°C temperatures
¢ Encased & Insulated — Quiet Operation

+ Employs GC Oven-Heated Air for Vapourizing

¢ No additional heat source required
+ Timing of Cryotrapping/Flashing controlled by GC
+ Capillary column phases used as the trapping medium
+ Assembled with mostly off-the-shelf parts

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Design

® ®
Vortex Legend:
Tube 3]]'@ Vortex Cooler | cold ar Fiow
\ AII’ Vent Warm Air Flow
® ®
Vapourization 2 EII@
Air Vent
3-Way
Valve
ToGC ) ) gcl
Detector ¢ Ino umn
® ®
TSE Cold Zone pp—y Ci —
o o " x 1/8” Copper Tubing
-20°C to -40°C Inside GC Oven
Jan 30/07 - RAE Dow Chemical Canada Inc.
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Air Source



I'SE Design Advantages

+ 100% Pneumatic (no Hazard Class. Barriers)
+ Retrofittable to most any GC
+ Absurdly Simple

¢ One Moving Part: 3-way valve to redirect air flow
¢ Virtually Maintenance Free

4+ Small — Can fit inside a Process GC Oven
¢ Dimensions: 6.5 x3.57x2”

+ Quiet Operation
+ Economical

- HROM +61(0)3 9762 2034 .::::::n.n futzaumn ] I z
e e —— porters & Manufscrurers /!
e ECiH -~ www.chromtech.netan 13

Website NEW : www.chromalytic.com.au E-Mail : info@chromtech.net.au el : 03 9762 2034 . .. In AUSTRALIA
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GC/TSE Oven Schematic

10-port Backflush

O

° ° Analytical
Column
Detector

TSE Unit Fits .
Inside GC Oven e ‘

—
' Backflush
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ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0314.D)

TSE Cf Benzene ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0315.D)
uVv

5000007

Benzene
Benzene Successfully (TSE Enhanced)

w000, TTapped & Flashed

] Gas Standard — 2 ppm
300000 Column: CP-Sil 5 CB
Sample Volume: 0.5 mL
Detector: FID

TSE Trap Temp: -25°C
S/N Gain: 16x Benzene
(No TSE)

200000

1000007

T

15 Time (min)

Jan 30/07 - RAE Dow Chemical Canada Inc.




ISE of C,Hydrocarbons

ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0550.D)

uv |

100000/ \ Gas Standard: 5 ppm each
, Column: HP PLOT U

90000 Sample Volume: 1.5 mL

] Detector: FID

80000

C,; Matrix

7ooocrf 1,3-Butadiene
“ 1,2-Butadiene

60000

50000

40000

30000

200006
Time (min)

Jan 30/07 - RAE Dow Chemical Canada Inc.




ISE of C, Hydrocarbons

ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0552.D)
ul ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0550.D)

1000000

1,3-Butadiene
(With TSE)

sooooo; C4, S SUCCeSSfU.Hy \ lizgllilllltf}dsig)le
’ Trapped & Flashed |

Propylene

600000 - Tail
/ Standard — 5 ppm each \ Propylene

Column: HP-PLOT U Tail

400000; Sample Volume: 1.5 mL
1 Detector: FID

| TSE Trap Temp: -25°C 1,3-Butadiene
B S/N Gain: 1,3-BD: 78x No TSE 1,2-Butadiene
1 1,2-BD: 55x No TSE

Time (min)

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE of C, Hydrocarbons

uvi
450000~

ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\ACET0126.D)

oo, C5’s Successfully  Acetylene Ethylene
(Wlth TSE) Ethane

Trapped & Flashed (With\TS‘E) / (With TSE)

Gas Standard: 15 ppm each
Column: CP-CarboBOND
Sample Volume: 0.5 mL

| | Detector: FID

2000001 | TSE Trap Temp: -25°C
S/N Gain:

150000 Acetylene — 10x

, Ethylene — 14x ASCYSS Ethylene  Ethane
100000 Ethane — 12x (No TSE) Nc\‘TSE) (No ISE)

350000

300000

250000~

Methane

50000'] |

i\
J

. 2,
Time (min)

Jan 30/07 - RAE Dow Chemical Canada Inc.




IT'SE of Methanol

0.0200

0.0175 |

Packed Column
Analysis of Methanol

0.0150

0.0125 |

Gas Standard — 5 ppm
Columns: CW20M on Chrom T
Sample Volume: 3 mL
Detector: FID

0.0100 |

0.0075

0.0050 ]

0.0025

0.0000

12-JUL-2006_22-51-36.dat

Methanol
5 ppm
No TSE

i /
n

i Methanol
Matrix PW,, =20 sec

Ramp

Jan 30/07 - RAE

225 250 275 300 325 350 375 400

Seconds
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IT'SE of Methanol

12-JUL-2006_21-36-00.dat
12-JUL-2006_22-51-36.dat

Methanol

S ppm
Methanol Successtully WitEpTSE

Methanol
Trapped & Flashed PWl/Ze=t 3 rgosec

Gas Standard — 5 ppm
Column: SS ValcoPLOT D

Sample Vol 3 mL Can now
aquo c volume: m
Detector: FID Methanol measure Methanol

5 c
TSE Trap Temp: -25°C Wi hppn}SE at Concentrations
S/N Gain: 45x tthout | 45x lower than before

l ~4 ppb detection limit

280 290
Seconds

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE of Water

ADC1 A, ADC1 CHANNEL A (TSEIDF\TSE10002.D)
| ADC1 A, ADC1 CHANNEL A (TSEIDR\TSE10001.D)
\

Oxygen & Water

H,O Successfully Nitrogen (With TSE)
Trapped & Flashed = /

500000 \
1 Gas Standard — 0.3 % Water

Column: HP PLOT U
400000 Sample Volume: 0.5 mL
.| Detector: TCD

TSE Trap Temp: -25°C
8000007 | S/N Gain: 5x

600000

Sub-ppm Detection
Limits Possible using

Water Low Volume
(No TSE) Filament Detector

CO,

200000 M

|
[
“:\w

100000 - N

0 . 1 . . 1.5
Time (min)
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I'SE of Carbon Dioxide

uV | ADC1 A, ADC1 CHANNEL A (TSEIDR\ACET0260.D)

W

| Co
1400007 CO, Successtully  (With ”l%SE)

Trapped & Flashed /

Gas Standard — 100 ppm
1200007 Column: CarboPLOT 007
’ Sample Volume: 1.5 mL CoO,
Detector: TCD CO/Air (No TSE)
TSE Trap Temp: -25°C \'
S/N Gain: 11x

/ |

ST |

130000

110000

100000

0 — — ‘ —
0 1 15

Time (min)
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T'SE of Carbon Monoxide

| ADC1 A, ADC1 CHANNEL A (TSEIDF\ACET0211.D)
uv | u ADC1 A, ADC1 CHANNEL A (TSEIDF\ACET0209.D)

2P CO Successfully | | Casbon
woo . Trapped & Flashed | R

(With TSE)
160000

Gas Standard — 1 % CO

140000 - Column: MS-5A

] Sample Volume: 1.5 mL
Loy Detector: TCD

’ TSE Trap Temp: -25°C 1 Carbon
S/N Gain: 7x | Monoxide
(No TSE)

100000

80000

60000

40000

20000 +———— — ‘ —

Y : 15 Time (min)
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ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\TSE00031.D)

ADC1 B, ADC1 CHANNEL B (C:\HPCHEM\2\DATA\TSEIDF\TSE00030.D)

Me(l, CyProp & VCM |

\‘ Cyclopropane

600000 Successfully Trapped & Flashed ~ (With TSE)

’ Gas Standard — 5 ppm each Methyl /
500000 ] Column: HP PLOT Q Chloride

. |
Sample Volume: 5 mL (With TSE)

Vinyl

400000 - Detector: FID \ M Chloride

TSE Trap Temp: -25°C | (With TSE)
, S/N Gain: MeCl:  8x Methyl | ‘“
300000 7 CyProp: 17x Chloride & H |

VCM: Ox Cyclopropane ‘ |
\ |

f No TSE \
200000 - Methane (No ) ‘

(No TSE) \ Vinyl

7 Chloride
100000 - X | (No TSE)

Time (min) 25

Jan 30/07 - RAE Dow Chemical Canada Inc.




TSE Capabilities

+ Almost Any GC
Analyte Can Be
Signal-Enhanced

by TSE

Jan 30/07 - RAE

Some Analytes Successfully Enhanced by TSE:

Acetylene

1,3-Butadiene

Hydrogen Sulphide

Ethylene

1,2,-Butadiene

Carbonyl Sulphide

Ethane

Isobutylene

Mercaptans

Cyclopropane

Ethyl Acetylene

Sulphides

Propane

n-Pentane

Formaldehyde

Propylene

n-Hexane

Acetaldehyde

n-Butane

Benzene

Ethylene Oxide

1so-Butane

Methyl Chloride

Methanol

1-Butene

Vinyl Chloride

Carbon Monoxide

cis-2-Butene

Ethyl Chloride

Carbon Dioxide

trans-2-Butene

Carbon Tetrachloride

Water

Dow Chemical Canada Inc.




I'SE Precision at 5 ppm

Precision using TSE at 5 ppm

1,3-Butadiene - 0.52 %RSD
1,2-Butadiene - 0.62 %RSD
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ISE Linearity

Linearity of Acetaldehyde by TSE

e

—_
N

R2 = 0.9983

—_
o

(0]

(0]

N

=
Qo
2
C
.
S
©
p -
g
c
(]
(&)
c
@]
@)
©
o
P
>
(2]
©
(O]
=

Acetaldehyde Conc. (ppm)
— Linear Fit

6 8
Standard Concentration (ppm)

Jan 30/07 - RAE Dow Chemical Canada Inc.




I'SE Performance

+ TSE operated continuously for over 1 year
with zero maintenance required

+ Good Precision & Linearity

+ Equal to or better than conventional GC
methods for trace analyses

¢ Sometimes better due to improved peak shape

ﬂfwcﬁ“fi'—' RO N +61(0)3 9762 2034 -::trr.aﬂnn :ﬂnﬂaum“ ] I z
— e ——— POSTers o ManuiacTurers 7
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TSE Shortcomings

+ Vortex cooler requires min. 80 psig air pressure

# Insufficient cooling = Analyte breakthrough
¢ Monitor TSE Trap Temp & Alarm

+ Undesirable impurities cryotrapped as well
¢ Carrier gas impurities, Column bleed, etc.

¢ Requires short length of column after TSE trap
* Ineffective if impurity is same as analyte (e.g. Water in carrier gas)

+ Cannot trap extremely light analytes (yet)
e 0,,N,,CH,, H,, Ar...

+ Generates peaks 0.5-1.0 sec wide
+ Best for enhancing peaks > 2 sec wide

+ Potential to overload TSE trap exists

Jan 30/07 - RAE Dow Chemical Canada Inc.




Summary

4+ Vortex Cooler-Driven TSE:

# Can signal-enhance almost any process GC analyte

+ Provides the capability to measure process GC analyte
concentrations as much as 78x lower than before

¢ Is Reliable, Inexpensive & very Low Maintenance

+ Offers the robustness of packed columns with the peak
widths of capillary columns

# Can be retrofitted to most common process GC’s
¢ Is absurdly simple, yet powerful
¢ Greatly expands the capability of process GC

Jan 30/07 - RAE Dow Chemical Canada Inc.




John A. Crandall, Falcon Analytical
Dr. Carl Rechsteiner, Chevron Energy. Technology Company.
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@I WillNthere evenroera need el gas chromalograpnsin

202007
Frank Schweighardt, Air Products

« Al 2020, will'we want hydrecaneen maternals making
up the things we use every day: fuel, petrochemical
building blocks, plastics & resins?”

Rajko Puzic, Imperial Oil Ltd

_ PAT =20 PAT

Analytical Instrumentation: Future Trends No.XI
Frontiers of the New Century - A look towards Industry... — ~ I ‘
IFPAC January 24, 2000, Lake Las Vegas, Nevada, U.S.A. 3T \L CCJf ]
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From discovery to abandonment
- gas chromatography plays a prominent role in hydrocarbon asset evaluation

Upstream
Hydrocarbon Play Prospect eservmr Production Field Reserv01 ~ Field
System Evaluation Evaluatlon Dehneatlon Optimization | Development Manageme Adandonment

Downstream

- r =
Transport & ‘ Processing Product Distribution
Storage QC QC & Retail
= N\ -

Most petroleum mixtures span C, to C,,, temperature programming is
a must, for sensitivity, capillary and FID, for quantitation, are priorities. %‘K! FALCQ V
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The challenge is to design a GC that can span
most of the applications and be able to fit into both
laboratory and on-line settings.

1. Speed of Analysis (use to control the process)
2. Appropriate Detection Scheme (flexible detectors)

3. Application Coverage (common instrument
platform)

Form Factor (size, weight, footprint)
5. Cost (price, shelter, maintenance, periphery)

s




If we are really going to use GC for control, speed means
under 10 minutes for most applications.
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Old School

Micro LAB Micro LAB
Optical Mass
Spectrometer Spectometer

Micro LAB Micro LAB
Photometer

Lab Instrument Network

Micro- Micro- Micro- Micro-
PROCESS PROCESS PROCESS PROCESS =mm At-Line
Optical Mass Packaging

Photometer it spectrometer [lSpectrometer

Process Control Network

FAEALCOIN
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e simaller iieNoopnL, e velerior:
Cheaper and easier depleyment... ultimately,
We would like the GC to function: like a simple sensor.

« BUL... there are lrade-oifs...
given application constraints and the reguirements of
Sample introduction
Carrier gas
Valves
Detectors (options)
Operational and maintenance flexibility




* L SecAllse ol applicalon Cornstralnis: s requirenienis e
Smaller ena’ortie o scalels resihclied 1o

* Our B&D approach was; to
pPOSItive Impact on weight, size ana. recovery. time

while still maintaining fast, precise temperature
programming.

7 o "'% — /N
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Old School New Thinking

High hernmal imass « Lowitnernmalimass
llemperaiure stanility. llemperaiure repeatanility and
Slow: toirespond o) change reproducibility
[sothermal methods Quick response
Column switching|schemes Programmed temperature
methods

Heavy & large footprints
Kilowatt power reguirement

Large unswept (dead) volumes
Inferior resolution
Peak tailing
Longer columns
Long analysis times
High consumable rates

Minimal switching schemes
_ow power requirement

‘Zero dead volume
High resolution
Short columns
Fast cycle times
Minimum consumables

FaLcon|ss

%{5 i
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Regardless... Old School or New Thinking:

Sampling
ACCEPISI EIHEr Gasi o1 IgUIa PIIase SaipIes
WVianageanievolumes: 6ONanoliersio, =1 00NnIcCroliers INECIED.
Bolling rangesiiron Pernanent gases, up o Cx,
Pre-conceniraton PossIvIe (1rap or purge & trapiechnigues)

Separations
Adequiate resolution ior the. applicaton
Accepis avallablercolumn material
NVlakes: Use) ol column SPeciicity. characiterstics
Adequate. column capacity (sample loading)

Detection
Universal detection required such as TCD.
Hydrocarbon specific such as FID
Sulfur specific such as FPD
Halogen specific such as ECD
Can accept specialty detectors (DID & others)




Old School or New Thinking:

‘T DAla PreCESSING
Proper peak reientioniime and area determmination
Chromatographic peak alignment
Proper integration|off alignment resulis, response facior and integration
\V/arious: calibration technigues; availakle

. Slatistics
System must perform with aceceptable precision andaccuracy: io yield
Repeatable and reproducible measurements

 And the GC should deliver
System suitability assessments bk
S DI

Is the GC OK? .

HRVOC Fence Line Analysis

fast 01_005 dat

Does the sample “pass or fail” the established criteria? 1Lt it Ok T
fast01_003dat  Background 110

And an acceptable reporting format i ot purcot 04

fasi01_071dat Background 115
-rofasi01_070dat  Background 72 23

TTALCON.
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= microFAST GC Method: Alignment.met Data: 13 2887 7-16-2008 2-55-20 PM.dat Project: Default - [microFAST GC : 1]
:| File Edit ‘iew Method Data Sequence  Analysis  Control  Reports Window  Help
2 @H§|I1:micmFaslGCj| LR B EE EE e BT W @ (H K
Time: 23802 Seconds - Amplitude: 370 A0

—_ Mic drasTGC:1 1 : micraFAST : L microFAST GC:1 __ microFAST GC:
2809 | . ! . ] » Heavy Jet néat ; Gas Ol

—
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For Help, press F1
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4 Chromatograms - [sep21002.rst]

wf] File  Operation
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microFAST GC 1

Ethane
Ethylene
Propane
Propylene
Butane (2ppm)
1-butene
1,3-butadiene

Pentane (2ppm)

1-pentene
Isoprene
Hexane (2ppm)
1-hexene
Heptane
Benzene
Isooctane
Octane
Toluene
Nonane
Ethylbenzene
m,p-Xylene
o-Xylene

1
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Instrument Validation Report

Date: 3252009

*| Statistics

Sy/sten must
PEOHIIWIH
accep tab/e 10 SM178 1-15-2000 B-23-46 AM.dat

11 SN178 1-15-2000 B-27-13 AM.dat

Qualitative Performance
Sample: Restek Column Resclution Check Mix (CRM)

Channel 1
Column: DB-5; 100um 1D x 0.4um df

12 SN178 1-15-2000 B-30-44 AM.dat

preCiSiOn and 13 SN178 1-15-2000 B-34-00 AM.dat

14 SN172 1-15-2000 8-27-28 AM . dat

" 15 SN172 1-15-2000 8-41-05 AM . dat

aceliracy.to. yiela oS e e e
18 SN179 1-15-2000 9-51-34 AM dat

19 SN179 1-15-2000 8-55-04 AM.dat

Repeatable and :‘ s

reproaucivle il ‘“ os . (3

PASS

measurements e ean| 1 e » w©

11 SN178 1-15-2000 B-27-13 AM.dat
12 SN178 1-15-2000 B-30-44 AM dat
13 SN178 1-15-2000 B-24-00 AM.dat
14 SN178 1-15-2000 B-37-38 AM.dat . 17513
15 SN179 1-15-2000 0-41-05 AM.dat 16362
18 SN178 1-15-2000 B-44-38 AM dat 16598
17 SN178 1-15-2000 8-48-06 AM.dat
18 SN178 1-15-2000 B-51-34 AM.dat
186 SN178 1-15-2000 B-55-04 AM.dat
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HERVOC Fence Line Analysis

ip

InfoMelrix

Eihylene
Propylene
13-
Butadiene
1-Hexene

10-272005 12-26-53 pm_microfast 01 032 dat Frent 1198
10-27-2005 2-14-07 pm_microfast 01 004 dat Frent

10-27-2005 2-54-00 pm_microfast 01_008.dat  Calibration 12744 491
10-27-2005 2-34-04 pm_microfast 01 006 dat Frent 1547 58
10-27-2005 2-24-05 pm_microfast 01 005 dat Frent

10-27-2005 2-44-02 pm_microfast 01_007 dat Fvent 4046
10-27-2005 3-13-55 pm_microfasi 01 _010.dat MiA 207
10-27-2005 1-31-07 pm_microfast 01 _003dat  Flawe out = 47
10-27-2005 1-21-06 pm_microfasi01_002.dat  Flame out = 49
10-27-2005 3-03-57 pm_microfast 01 009dat  Calibration 25447 1l
10-27-2005 7-26-55 am_microfasi 01 003dat  Background 110
10-27-2005 7-16-55 am_microfast 01_0024dat  Backzround
10-27-2005 7-06-54 am_microfast 01 001 dat  Background
10-27-2005 6-56-54 am_microfasi 01 071.dat  Backgzround
10-27-2005 6-46-55 am_microfasi01_0704dat  Backzround
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E New Sampling/Sensor Initiative (NeSSI™) ;




At-Line NeSSI microGC Cart
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At-Line NeSSI microGC Cart - 2

Chevron
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Ultimately performance must be delivered at an
attractive cost.

1. Speed of Analysis (use to control the process)
2. Appropriate Detection Scheme (flexible detectors)

3. Application Coverage (common instrument
platform)

Form Factor (size, weight, footprint)
5. Cost (price, shelter, maintenance, periphery)

A




Equipment Costs

Instrument, shelter, installation, supplies

Commonality with laboratory devices (data agreement)
Maintenance Costs

Robust construction

Automated data and instrument validation
Peripheral Costs

Supplies

Energy

HROMsiyveic rslq.lm 2034 | Awstralian Distributers
umom
- ECH~ v. o tech.ometan
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Table 2. Line Voltage Requirements

Maximum power Power line
Voltage consumption (VA) requirement Oven type

120V (+5%) 2,250 20-amp dedicated Slow-heating
200 V {+5%) 2,950 15-amp dedicated Fast-heating
220V (£5%) 2,950 15-amp dedicated Fast-heating

230V {+5%) 2,950 16-amp dedicated Fast-heating
230V (+5%) 2,250 10-amp dedicated Slow-heating

(Switzerland or Denmark with 10-amp
maximum service}

240V (£5%) 2,950 13- or 16-amp dedicated Fast-heating

Frequency range for all voltages is 48 to 66 Hz.

For Agilent 6890, fast ramp rates require power >200 volts at >15 Amps

Reference Agilent 6890 Network Gas Chromatograph Data Sheet,

January 24, 2007, 5989-3290EN
TFALCON |2




L

Saliple ProcessIngNToaUIENPOWEY:
250°C = 40/W

ColtmnPimoeaUle) POWE: (i or 2 .collims)
35°C-350°C @ 5°C/second = 70 W each

Detector moaule. POWEN (i or'2\detectors, each)

i

i

150°C = 7 W ,
250°C = 15 W ) ISS ;
350°C = 19.5 W '~]| I\ e I
« System power H = {|
330 W maximum e -

Application dependent, estimated = 225 W

FHIRON =iy«
ECH-~
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1aclor ei>105avings:

Wasiereneragy/ st Heal, WilChNilsTve PUIPED. OUL:

* DAl conaltieRers waste 4075 el tnenpul energy, Wil
means: that trierexsiantaaaitional arainron. Power:
consumptienithe GG thermal lmpact s CoURterea.

Factor'in the speea ol analysis, the varianle cost o
elecltricity, the quICKer response (Why: was the sample
analyzed in theifirst place ana.is anyone waliting ror. the
results?)

Y E—————— — =
= ECH woromy www.chromtechmnet.an “ ggﬂ"i)— ,ul‘ﬁ /‘[\’ L L’ Lj /—\]
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BSI( ANALYTICAL
LABORATORIES
1414 STANISLAUS FRESNO CA 93706 (800) 877-8310

« L Coentract analyiicalt services companyni@aliormiz
EnRvireRmenial, rermeaianon, Hazmar
116,000 50, 1t: Tacility, >60!specialized EmployEees
191GC or GC/NMSHinstruments

AC year-round, capacity. ~ 62'tons, accounts;ior ~ 509 or
electrical se = Summer electric use ~

Power & maintenance information courtesy. of...
Mike Brech & David Tsubota of BSK Analytical
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A

Speed of Analysis (use to control the process)
Appropriate Detection Scheme (flexible detectors)

Application Coverage (common instrument
platform)

Form Factor (size, weight, footprint)
Cost (price, shelter, maintenance, periphery)

We have made lots of progress...

but there is still a ways to go!
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CALIDUS 7

micro GAS CHROMATOGRAPH

FASTER

7% SMALLER

&' SMARTER

ol

CALIDUS

# EASIER

B

GREENER

o \ L CQN.

» ‘I'Solutlons &TechnologieS
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Falcon Analytical
Introduces the
CALIDUS» microGC

Faster, Smaller,
Smarter, Easier and
Greener than

Traditional Gas
Chromatographs

I
il

CALIDUS

FASTER - With analytical cycles 10 to 50 times faster than traditional
gas chromatography, the CALIDUS™ microGC vastly increases
responsiveness for the data consumer. Less time spent waiting on results
means more productivity and timely control of the measured process. In
the hands of lab and process managers, the speed of the CALIDUS
microGC can translate into better quality products, produced faster and
more profitably than ever before.

SMALLER - Elimination of the air bath column ovens, required for
traditional gas chromatography drastically reduces the CALIDUS ™micro
gas chromatograph footprint. Yet, the CALIDUS microGC delivers all the
functionality of the much larger, high thermal mass, traditional GCs. At
less than 20 pounds, CALIDUS offers advanced analytical chemistry in a
highly compact and transportable package.

The smaller size of the CALIDUS microGC means more efficient utilization
of space and, ultimately, bigger profits for the user. The price per square
foot for laboratory bench top space may only be exceeded by the cost of
installation for online systems in the processing plant. The small CALIDUS
footprint allows for higher installation density in the laboratory and in
shelters for process applications. This small footprint also enables process
installation schemes that place the analyzer much closer to its sampling
point in the plant. Closer proximity means less sample lag time, as well as
more representative measurements for process control.

@onﬂg w 3 o F = +61(0)3 9762 2034 | Australian Distributers
7_7"'!’ f Iarporters & Manuscturers 12/13
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SMARTER — Using modern computing with standard operating systems
and software, the automated CALIDUS microGC frees valuable technical
resources from the daily grind of interpreting and validating
chromatographic results. Built-in LineUp™ technology from Infometrix,
Inc. virtually eliminates misidentification of components and drastically
reduces the need for expensive calibration sample runs. Less time spent
calibrating the analyzer means more time spent on more economically
valuable diagnostics, most notably measured process deviations from
the setpoint.

EASIER - Proprietary, plug and play temperature-programmed gas
chromatography column modules allow the CALIDUS microGC to avoid
the complicated and troublesome valve schemes used in isothermal
process analyzers and many lab gas chromatographs. Global patents are
pending for this unique micro gas chromatograph.

Correlation between laboratory systems and online process control
—— - systems becomes realistically possible with the CAL/IDUS microGC,
won v AT o because both physical packages use the same measurement principle,

Serial #14

fapan  2n R s hardware and methodology. Applying the CALIDUS microGC in-lab and

Coating  MXT-1HT

Thcness oo om0 online means less time spent reconciling lab and process measurements
orer ¢ D and validating which result is correct. More time can be spent working on
. more valuable, direct process optimization.

GREENER - The obvious and extraordinary features and benefits of the
CALIDUS microGC combine to yield something that may not be that
evident: Green Process Analytical Chemistry. CALIDUS is greener —
whether in the control laboratory, online in the processing plant, near line
in the pilot plant or when transported for field measurements. Consuming
less than 300 Watts in operation, the CALIDUS microGC uses a small
fraction of the traditional gas chromatograph consumption rate of up to
3000 Watts.

With analytical cycles that are a minimum of 10 times faster and the low
electrical load needed for operation, the CALIDUS microGC power
consumption per analysis is 1% or less of the energy required by
traditional gas chromatography. Combine these savings with the reduction
in workload for air conditioning systems and the CALIDUS solution is
greener still. The CALIDUS product life cycle environmental impact from
manufacturing throughout its useful lifetime to disposal is far less
traditional GCs.

THE RESULT - Faster, Smaller, Smarter, Easier and Greener = better
mfs:!,-=m quality, increased productivity, profitability and versatility, with far less
il e hassle and environmental impact. That summarizes the successful,
"l:;;n- business application equation for the CALIDUS™ microGC.

» & ”un"’
CALIDUS il
— Please review all the content in this brochure and then contact Falcon
Analytical to discuss your potential applications.
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CALIDUS ¥

micro GAS CHROMATOGRAPH

Operating Environment

Operating Temperature Range: 0°C to 35°C

Storage Temperature Range: -20°C to 60°C

Relative Humidity Range: 0 to 100% (non-condensing)

Power Requirements

Less than 300 watts peak power at startup, practical use < 200 Watts for
gas or liquid analyses 24 VDC supplied from external power supply, 100
-240VAC using 50/60Hz AC.

Safety

General purpose, light industrial (lab instrument environment)

CE Mark and Nationally Recognized Testing Laboratory (NRTL) certified
(TUV Rheinland) pending.

Gas Supplies
50 PSIG, 99.995% hydrogen at up to 250 ml/min, 50 PSIG Zero air for
FID operation.

Sample Requirements (via split/splitless injector with septum purge)
Air or gaseous samples at 0 to 50 PSIG at ambient temperature
Membrane, SPME and static and dynamic headspace extracts

Direct liquid injections neat or dilute organic solvents (DCM, Hexane,
MEK, Toluene, methanol, etc.).

Dimensions
17" wide by 8.5" deep by 11" high, ~ 20 Ibs. Uninterrupted power supply
and data acquisition computer external to the base unit.

Controls/Outputs

All functions and parameters can be set via Ethernet or USB. Start
analysis can be triggered from the instrument display panel or by
method from an external computer running ChromPerfect Software™.
Column signals are digitized at 100Hz for each column in 24 bit
resolution. ChromPerfect also supplies a full array of control and
processing options for other analyzer functions and settings.

Front Panel Displays

The front panel is an LCD touch screen supplying temperature and
pressure readings, function on/off, power on/off, status of analysis
columns (isothermal, programming, cool down, ready, and cycles run).

Performance (application dependent)
Repeatability of £ 1% RSD or better (area) and of £ 0.1% RSD or better
(retention times). Analysis times for VOCs: can be <20 seconds and for
SVOCs: can be <60 seconds Dynamic range: depends on detector used
and application (FID typically 10°).

W RO N = 1y w5 < w6103 97622034 | Australian Distributors
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\Xhy Falcon?

Why did the producers of the CALIDUS™ microGC choose the name
“Falcon” for their company and the name “Calidus” for their first
proprietary analyzer?

The Peregrine Falcon (Falco Peregrinus) has been a symbol of speed
and power for centuries. Falconry, the use of birds of prey in hunting,

dates back to the year 2000 B.C. Because of its strength, intelligence
and maneuverability, the Falcon was always prized among those who
hunted with powerful birds.

The Peregrine Falcon can reach speeds over 200 mph (320 km/h) in a
dive and flying speeds of up to 120 mph (192 km/h), making it the fastest
animal on the planet. Highly versatile and adaptable, the Falcon can be
found nearly everywhere on Earth.

The Falcon is compact, with a body length of 13 to 23 inches (34 to 58
centimeters). The Falcon is light, with the heaviest examples of the
species weighing only about four pounds. The Falcon is reliable and
devoted. It mates for life.

\Xhy Calidus?

The Calidus Falcon (Falco Peregrinus Calidus) may be the heartiest and
most adaptable of all the Falcons, ranging from the Arctic to Sub-
Saharan Africa. While some races of Falcons have been seriously
threatened by environmental challenges, the Calidus has continued to
thrive in all environments. Symbolic of the portability of the analyzer
bearing its name, the Calidus is fully migratory, moving from its
northernmost range to its southernmost habitat with the turn of seasons.

It is easy to understand why this company chose the Falcon and the
Calidus subspecies to symbolize their enterprise and their extraordinary
new gas chromatographic analyzer.
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CALIDUS "

micro GAS CHROMATOGRAPH

The CALIDUS™ microGC is a fast programmed temperature
micro gas chromatograph consisting of . . .

Heated split/splitless injection port including septum purge
and 350°C maximum operating temperatures. The inlet can
accept gas or liquid syringe injections or optionally use an
automated gas or liquid sample valve.

Two column modules for simultaneous detection on two
individual column types

Ll
Plug and play, precalibrated and individually programmed
temperature column modules, enabling dual simultaneous
analysis on the same sample, using different separation
media and temperature profiles for maximum selectivity.

|.Iiﬂi,
i

]

°
CALIDUS
)

Initially available flame ionization detection. Thermal
conductivity (filament) will be available in 2010. Other
detectors are planned. Maximum detector operating
temperature is 350°C

ChromPerfect chromatography data system running on a
Windows PC.

System configurations enabling measurement of fixed gases
up through components with boiling points equivalent to
n-C44. Samples can be gas or liquid phase and be directly
injected into the split/splitless injection port. Optional SP/ME
and other sampling methods are available.

See the technical specifications inside for more information. Mailing Address:

PO Box 518
Ronceverte, West Virginia 24970

Express Deliveries & Physical Address:
100 AEI Drive Fairlea, West Virginia 24901

Tel: (304) 647-5855 Fax: (304) 645-4006

www.falconfast.net
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http://www.falconfest.net

John A. Crandall
President

Falcon Analytical Systems & Technology, LLC
Express Deliveries: 100 AEI Drive, Fairlea, WV 24901
U.S. Postal Deliveries: P.O. Box 518, Ronceverte, WV 24970

Copyright
Falcon Analytical Systems & Technology, LLC
November 18, 2010
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Falcon Analytical Team

John Crandall, President & Partner
37 year veteran, analytical chemical instrumentation
Siemens/Applied Automation, PerkinElmer, ABB
From research chemist to president
Co-inventor
Ned Roques, Chief Chromatography Engineer & Partner
Co-inventor
17 year veteran micro gas chromatography systems engineering
Electrical engineering, chromatography systems & applications development
B.S. Electrical Engineer

Larry Nickell, CTO & Partner, and also President AEI
38 year veteran, M.S. Electrical Engineer, control systems — AEI
Textile measurement & control systems from research to general manager
Electro, mechanical, optical & software engineering

Joe Warren, CFO, partner & Vice President AEI
37 year veteran, B.S. Agriculture, resource management & finance
Energy extraction (coal), land management, textile measurement & control systems
Controller AEI for more than 16 years

Steve Bostic, Marketing Consultant
35 year veteran, B.S. Business/Marketing, microwave communications, electronics and
process analytics
“Mr. ABB Process Analytics” — Sales, Marketing, SERVICES, Applications, General
Copyright Manager

Falcon Analytical Systems & Technology, LLC
November 18, 2010
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“FalconFAST” Analytical Solutions

—
Easy to use
Sophisticated instrument/analyzer clusters employed with 4 (Spatories,  Field
Intelligence
Agility and %

Transparency to the user

The rule regardless of the installation environment

Micro gas chromatography instrumentation with ﬁﬁ_
Applications.technology designed to perform the job combined with ¥ Procoss Loading
Micro sampling, Dock
Advanced data processing and
Enlightened interpretation FF3|:=<C>;::

e as

Unifying the measurement results Parker “~lInfometrix
Laboratory NeSSI Chemo-
At-line Sampling [ > metrics
On-line or
In the field

Providing the measurement solutions sought by our customers
Hydrocarbon Processing
Life Sciences
Food & Beverage

“Customers need and want the answers...

Not the hassles associated with analytical chemistry!”

Copyright
Falcon Analytical Systems & Technology, LLC
November 18, 2010

FAIRC IV == 73 %5 51{03 97622034 | Australian Distributors 12/13

Baaportors & Manuiscturers
ECH r~otowy Pylu www.chromtech.metan

Website NEW : www.chromalytic.com.au E-Mail : info@chromtech.net.au lel : 03 9762 2034 . . . in AUSTRALIA



Problem/Opportunity li..'{
e

I —
Lab & Process Customers Face The solutions-based Opportunity
Declining technical capacity & Process gas chromatography
capability 3,500 units per year
Process analyzer techs Integrated sampling and data
Plant support chemists processing
Headquarters experts Implementation services
Increasing requirement for Laboratory gas chromatography
Data rich measurements 25,000 units per year
Near “real-time” results for process Integrated measurement solutions
control Implementation services
In the context of Combined value ~$1.5 bil
Irrlprf).ved proceSS|.ng efficiency The opportunity. N
Significant & ongoing downward cost
pressure o Unified lab & process
And big, slow suppliers’ inability to . ]
deliver latest technology solution offeri ng'

Copyright v
Falcon Analytical Systems & Technology, LLC
November 18, 2010
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Solution: Unification

Process and Laboratory Why start with micro Ga
Analytical practice must merge Chromatography (GC)
The common goal: improved Widespread applicability
processing efficiency through Upstream, E&P
timely and optimal analytical Downstream, Refining/Petrochem
information supply at minimum Environmental

cost

Effective resource utilization Delivery of the same GC engine

. ; Laboratory
requires an effective team Process
Manpower: process, laboratory Di bi I : h
and headquarters personnel isrupts big, slow companies who
must be mutually supportive supply
Solutions: process and laboratory Laboratory instruments only
including Process analyzers only
Hardware Uniform supply potentially
Softwgre Unifies customer teams, lab & process
Analytical Methods... Resolves “location based”
The total Solution measurement conflicts
Maximizing asset utilization
Must become... Vanpouer

Hardware
the SAME. .
Copyriht Other techniques to follow er
opyrig 3
Falcon Analytical Systems & Technology, LLC

November 18, 2010
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Revolutionary Hydrocarbon Measurements

for

Revolutionary Process Control

Fast, near real-time
Data rich results

Fast enough for true process
control

Easy to use
Smart sampling and analysis
Plug & play hardware

Automated result validation
& interpretation

Single GC engine
One method
One calibration

One result regardless of
location

Eliminates “method variance”

Copyright
Falcon Analytical Systems & Technology, LLC

November 18, 2010 -
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Relieves plant support lab from
redundant process GC checks

Isolates process variation from
analysis variations

Frees lab expertise for more
valuable chemical diagnostics

Builds analyzer tech
confidence in results

Eliminates the data validity
discussion from process
operations

Enables global support
network ability to trust global

data

Australian Distributors
Amiporters & Manuiacrurers
www.chromtech.netan

IZ2 13




Intellectual Property

(global patents pending)

A simple, fast micro gas chromatograph engine
Using resistively heated columns
Having proprietary & patented implementation
Favorable product material and labor cost
Including design for
Manufacturability
Distributor service
End user robustness
Return to service center for repairs
Modularized for implementation flexibility
(Global patent applications)
Self contained
Pre-calibrated
Plug & play functionality for the GC engine modules

Complete engine becomes the module for non-lab
implementation

Unified modules to achieve

ONE UNlFlED SOLUT'ON regardless of

installation environment!

Copyright
Falcon Analytical Systems & Technology, LLC
November 18, 2010
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Rethinking Gas
Chromatography

“Customers need and want the answers...
Not the hassles associated with analytical
chemistry!”

A e
e W‘;Eh” ng InfoMetrix

Copyright
Falcon Analytical Systems & Technology, LLC
November 18, 2010
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easier, smaller,
faster, smarter,
and greener

Summary

i

Throw out 100-year-old design constraints
Maximize use of computer control and interpretation.

Ground-up rethinking of how a chromatograph should
function has resulted in a breakthrough, both for the
hardware and for the software.

We addressed instrument size, ease of use, power
consumption, and maintainability.

The redesigned approach field tested at Chevron.

The approach spans innovations both in hardware and in
software.

And is now ready for commercial implementation in all
environments — Lab, at-line, transportable, on-line. k
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Modules, Its All about Modules
(“‘Bill of Materials”)

The Chassis
Begins with the
Inlet — sampling
Then separations
Then detection

Yes, itisa GC
Split/splitless in;.
Capillary columns

Detectors, both
TCD & FID, more
coming
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Sample Processing Module (inlet): the core of
the microGC platform (required for all versions ).

| Iln tunﬂﬂﬂ !a
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Chromatography Module: the secret sauce.
One or optionally two used 1n every system.
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Detector Module: the sensing options. One or optionally
two used in every system, TCD & FID (shown).
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Sample processing module with dual
column module, dual detector configuration.

| "'"Hf




Sample processing module with heartcut
valve, dual column module and TCD & FID.

N e |
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One Resultant Chromatogram

) Overlay

|

[T

AC

A

Residual G5~

TCD

C

.

PD

MA

Molesieve 5A

_U-Bond

FID

from Heartcut
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Module Assemblies Make a GC

Transportable or At-Line Configuration

Australian Distributors
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Automation Makes An Analytical System

Calidus with LEAP




But What about Process Design?

The challenge is to design a GC that can span most
of the applications in laboratory, at-line and on-line
settings.

Speed of analysis (use to control the process)

Appropriate detection scheme (flexible
detectors)

Application coverage (common instrument
platform)

Form factor (size, weight, footprint)
Cost (price, shelter, maintenance, periphery)
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easier, smaller,
faster, smarter,

Speed of Analysis andl areenor

1440/day 288/day 144/day 96/day

}—l—f—f—f—l—f—f—f—f—l—f—f—f—!—l—f—f—f—!—f—f—f—f—!—i

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

o

Marginally
slow

e
C
o
| -
O

p=

©
cC |

If we are really going to use GC for control, speed
means under 10 minutes for most applications.

/YDA

Poll of Process Users M

- ROy
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Speed + Applications + Form Factor

S —
Old School New Thinking
High thermal mass Low thermal mass
Temperature stability Temperature repeatability
Slow to respond to change and reproducibility
Isothermal methods Quick response
Column switching schemes Programmed temperature

methods

Minimal switching schemes

Low power requirement
“Zero” dead volume

High resolution

Short columns

Fast cycle times

Heavy & large footprints

Kilowatt power requirement
Large unswept (dead) volumes

Inferior resolution

Peak tailing

Longer columns

Long analysis times

High consumable rates Minimum consumables k
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Cost Considerations

Equipment Costs

Instrument, shelter, installation, supplies

Commonality with laboratory devices (data agreement)
Maintenance Costs

Robust construction

Automated data and instrument validation
Peripheral Costs

Supplies

Energy
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easier, smaller,

New Thinking: CALIDUS e

Sample processing module power
250°C=40W

Column module power (1 or 2 columns)
35°-350°C @ 5°C/second =70 W each

Detector module power (1 or 2 detectors, each)

150°C=7W
250°C=15W
350°C =19.5 W

System power
Application dependent
300 W maximum
Average =
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A GC must still make measurements

I —
Sampling

Accepts either gas or liquid phase samples

Manageable volumes: 60 nanaoliters to ~100 microliters injected

Boiling ranges from permanent gases up to Cg,

Pre-concentration possible (trap or purge & trap techniques)

S e p a rati O n S e e e T AT
Adequate resolution for the application T '
Accepts available column material = s %33

Makes use of column specificity characteristics || - | 3 -
LML

0] R

Adequate column capacity (sample loading) =

Detection 1
Universal detection required such as TCD sz anneeassaan
Hydrocarbon specific such as FID Diesel-range, 80 seconds

Sulfur specific such as FPD

Halogen specific such as ECD k
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A GC must still make measurements

Data processing
Proper peak retention time and area determination
Chromatographic peak alignment

Proper integration of alignment results, response factor

and integration
Various calibration techniques available
Statistics

System must perform with acceptable precision and
accuracy to yield

Repeatable and reproducible measurements
And the GC should deliver
System suitability assessments
Is the sample OK?
Is the GC OK?

&

H

w

10-27-2005 12-26-53 pm_microfasi 01_032.dat
10-27-2005 2-14-07 pm_microfasi 01_004 dat
10-27-2005 2-54-00 pm_microfasi 01_008 dai
10-27-2005 2-34-04 pm_microfasi 01_006.dai
10-27-2005 2-24-05 pm_microfasi 01_005 dai
10-27-2005 2-44-02 pm_microfast 01_007 dat
10-27-2005 3-13-55 pm_microfast 01_010.dat
10-27-2005 1-31-07 pm_microfast 01_003 dat
10-27-2005 1-21-06 pm_microfast 01_002 dat
10-27-2005 3-03-57 pm_microfast 01_009 dat
10-27-2005 7-26-55 am_microfast 01_003 dat
10-27-2005 7-16-55 am_microfast 01_002 dat
10-27-2005 7-06-54 am_microfasi 01_001 dat
10-27-2005 6-56-54 am_microfasi 01_071 dai
10-27-2005 6-46-55 am_microfasi 01_070.dai

Event 1198

Event
Calibration 12744

Fvent 1547

Fvent

Frent 4046

N/A 207
Flame out | 47
Flame out | 49

:
0
0

491
38

1

141
1}
4
1}

Calibration 25447 1003

Background 110
Background 84
Background 89
Background| 115
Background 72

36
30
3l
22
23

% o w  Eiylene

67
22
160

=
S oo
[}

o mw oo

HRVOC Fence Line Analysis

Does the sample “pass or fail” the established criteria?

And an acceptable reporting format
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Methane through Hexane

100 Consecutive Runs Overlaid
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Methane through Hexane Summary

100 Run RT Statistics (no outliers rejected)
Methane |[Ethane |Propane |Butane Pentane |Hexane
Average | 0.100218| 0.145572| 0.321795/0.625310101| 0.939598| 1.23237
Std. Dev. | 7.96E-05| 0.000103| 0.000137/0.000242224| 0.000407| 0.000812|AVG
%RSD 0.0794%| 0.0705%| 0.0427% 0.0387%| 0.0433%| 0.0659%| 0.057%

BA Overlay [EIEIE
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100 Run Area Statistics (no outliers rejected)
Methane| Ethane [Propane| Butane |Pentane| Hexane
Average | 2117.64 | 4253.89 | 6282.28 8363.68 |10325.85| 12459.9
Std. Dev. | 16.467 |36.48464| 51.6748 | 131.788542 (96.32881(102.4173| AVG
%RSD 0.7776% | 0.8577% | 0.8225% 1.5757% | 0.9329% | 0.8220% | 0.965%




90 DRO Overlaid

(15t 10 runs excluded in 100 replicate campaign)




Typical Crude O1l Overlaid C; to C,,

Chrom Perfect Analysis [SingleUser-] - [Overlay]
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Resolution of Isoprenoids

Chrom Perfect Analysis [SingleUser-] - [100324 A.0029.RAW:Plot 6]
@Fi\e Plot Report Integration Compare Components Tools View ‘Window Help
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Clearly: The Approach Works —
fixed gases to C-60

_—
Automation makes it easier

Modular components make it a smaller GC
Data handling makes it smarter

Low thermal mass makes it faster and
...Makes it greener... < 300 Watts

but what makes it a process GC?

Modularity
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Calidus Process GC with
NeSSi1 Sample System
on Transportable Cart

Environmental
0°-130°F
Rain/sun cover

Suitable for Class 1,
Division Il sites

Interior

Thermoelectric
temperature control

Maintains 60°F
Plug & Play

Column modules or

The entire micro GC
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Calidus “Plug & Play Connectors & Sliders

Pull & twist connectors, slide Calidus 101 Module down & out. *
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Calidus 101, Your Experimental Unit Today
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Restek Example Chromatogram for Today

1
E1387 Column Resolution Check

1 L 4

n-hexane (Ca)
n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-eicosane (C20)
2-ethyltoluene

Data supplied by Restek with
the sample. Notice peaks 5, 6,
7 & 8, an identification problem
without LineUP.

Solvent: Methylene Chloride

3-ethyltoluene

Column:

30m x .25mm x .5um toluene

Rtx-5 (cat.#10238) 1,2,4-trimethylbenzene
p-xylene

Carrier Gas:
hydrogen @ 40cm/sec.

Temp. Program:
40°C (hold 2 min.) to 330°C
@ 8°C/min.

Inj. Temp:
250°C

Det. Temp:
330°C

Det. Type:
FID

10

Time is in MINUTES!

12

26

20 22 24 26




Example of Your Chromatogram for Today

Notice peaks 5, 6, 7 & 8, an identification problem without LineUP only now
with 13 times the number of runs in the time of the single previous run.

(Two minutes not 26 minutes.) Notice the resolution these.
Tovery -~ =

120
seconds
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“Extended Natural Gas”

A Calidus Capability Demonstration

6/21/2012




Extended Natural Gas System

(compressed natural gas and natural gas liquids, air components to C,,)

CALIDUS

micro GAS CHROMATOGRAPH




High Pressure Vapor and Compressed Liquid
Sampling (operation selected with a switch shown on next slide)

Heated Gas 7 N

Sample Valve - \

NS

D




Vapor or LIC]UId Selector Switch (From the front of

the GC the switch position points to the valve that will operate. Push left for
vapor, right for liquid. It is shown for vapor sample valve operation here.

Sample
Selector
Switch,

vapor position




Trap on MXT Msieve while Bypass
through MXT QBond to the FID

il Chrom Perfect Analysis [SingleUser-] - [Overlay] J
i@ Ele Plot Report Integration Compars Components Tools View Window Help -8
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Trap on MXT Msieve while Bypass
through MXT QBond to the TCD

fid Chrom Perfect Analysis [SingleUser-] - [Overlay]

;Zdﬂﬁle Plot Report Integration Compare Components Tools Yiew Window Help - E
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i-C8
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\
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Trap on MXT Msieve while Bypass
through MXT QBond to the FID - Zoomed

il Chrom Perfect Analysis [SingleUser-] - [Overlay]
) Ele Piot Report Integration Compare Components Tools View Window Help -5
BB EEdE B8R SRR SUKU LOBESER
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Call 304-647-5860 or email info@falconfast.net for your Calidus
Extended Natural Gas needs.
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Example of Systems
Integration Capabilities

4/3/2012



8 Stream Gas
Analysis System

Electronics, 1/0

8 Stream Sample
System

System Computer

micro Gas
Chromatograph

=



Enclosures Open

Electronics, 1/0

8 Stream Sample
System

System Computer

micro Gas
Chromatograph




Description

Electronics, 1/0 /

Power supply

Ethernet switch

24 VDC outputs

Electronic to pneumatic switching
MODBUS modules are available to fit

/
h
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&
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A
5

@

I
3

0 /

here eT

8 Stream Sample System &5 A\
Block valves @

Pressure gauge

Flow rotameters

Permeation tube calibrator
System Computer —

micro Gas Chromatograph

Gas sample valve oven & transfer
line

N
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Useful Applications of Smart
micro Gas Chromatography
with the NeSSI Platform

John Crandall, Falcon Analytical
Mike Cost, Parker Hannifin
George Schreiner, Justice Laboratory Software
1/24/2011



Falcon
Fast GC

Outline of Presentation | gy 1 ene
—

NeSSlI, micro Gas Chromatography and Chemometrics are still (after all these years)
considered new technology.

Thought leaders and early adopters alike are excited, make lots of positive noise
about these new technologies and have implemented to an extent, a limited extent.

However, to reach genuine commercial viability for the technologies, some dragons
must be slain.

While light gas NeSSI systems are widely accepted, reliability and robustness of
NeSSI use must be PROVEN for “heavy liquids” in the eyes of large scale users.

Depth and breadth of micro GC applications must be PROVEN to meet or beat
requirements of the old traditional GCs.

Chemometric applications must be PROVEN to be useful in the hands of the
average user.

Here are real world and very useful applications of the triangular
relationship of the technologies.

A batch approach to automated process analytical chemistry

A micro scale bioreactor continuous monitoring system

UltraFast ASTM D-2887 at-line & potential for on-line use k




Batch Application: Coolant Leak Detection
Into Blood Product Freeze Dryers

Previous State

Human olfactory sensory panels “sniffed” out the leaks

The “measurement” was subjective. What if the nose
has a cold?

Current State

A micro GC and Chemometrics measure the freeze
dryer compartment after cleaning and after freeze

d 'YINQ. Reference: “Lyophilizer Heat Transfer Fluid Monitoring via Gas Chromatographic
Methods” by John Kutney, Talecris, IFPAC, 2008 Baltimore. Can be viewed at falconfast.net.

Quantitative analysis at the ppb level results.
However...
The level of automation implemented is minimal

Personnel turnover makes system operations difficult
The microGC instrumentation is at the end of product life

cycle and out of production %ﬂ




Solution (aka future state): NeSSI, microGC

and Chemometrics with Full Automation
1

AUtomatlon Strategy 1) ChromPerfect watches for stream ID and permission from the SCADA system
Use Smal‘t SOftwal‘e i) Stream ID is defined as Freeze Drier E, F or G
ii) Permission indicates the sequence of operation for that freeze drier may begin
Eva| uate Step by Step resu ItS as a iii) ChromPerfect starts the appropriate stream vacuum pump
h uman wou | d 2) On permission, ChromPerfect downloads the appropriate method and sequence to
Calidus
: i) Methods include operating conditions and data processing parameters
On alarm ' Stop and nOtIfy a human ii) Sequences include sample identification and number of runs as follows
(1) Run 5 blanks (analytical cycle without actuating the sample valve)
On success proceed to the next Step Assess results as clean (pass, continue) or dirty (fail, stop and alarm)
(2) Run 1 zero air
Auto m atl on S u |te of E | ements Assess results as system suitable (pass, continue) or not suitable (fail, stop
and alarm)
tm (3) Run 1 validation sample
IntraFIOW NeSSI Assess results as system suitable (pass,
Switches streams iiloar;trinn)ue) or not suitable (fail, stop and
Monitors critical parameters: T, P, F U
) (4) Run 5 freeze drier samples and report i
Calidus & ChromPerfect (CP) (a) Each chromatogram to be displayed -
. (b) Sample data, P, T and other assessment
Performs chromatographic analyses parameters
. . . . (c) Component name
CP operating Calidus, NeSSI & directing (d) Retention time (if Syltherm)
data flow is the master (e) Total area _
. o (f) Calculated Concentration
Receives permissions from & reports (9) Assess results as valid measurement (pass, continue or not valid (fail,
(alarms) results to SCADA S el i)
: 3) Report results
LIneUp & InStep i) Average last three of the 5 runs
; ii) Report average concentration
All:gns Cth romatograms to target Assessment of the Freeze Dryer condition (clean or alarm)
cnromatogram

Assesses results as “consistent with
expectations” or “outlier, sound the alarm”




System Overview for the 3 Stream Batch
NeSSI/microGC/Chemometric System (not to scale)

Freeze Dryer
Controls

Actuation Signals
ED 1 J& g SCADA

FD2 |p
FD3 P

Zero Air

Hydrogen



Talecris NeSSI.pdf

Continuous Application: 8 Stream

micro-Scale Bioreactor System
I ——

Continuous monitoring is required
Production monitoring for a specialty chemical
Nutrient monitoring & feed rate for microbes
Oxygen monitoring & feed rate for microbes

Fermentor off gas analysis is required
Sampling the broth is complicated

The microbes will plug virtually any automatic
sampling mechanism (they continue to grow... things shut)

The off gas concentration indicates production yield
There are multiple small systems
In this case there are 8 reactors (90 second cycles)
Process flow rates are small < 1 liter/minute
Calibration for the semivolatile organic is problematic

Manual sampling & monitoring is virtually impossible
! ’*f




Automation Strategy

Automation Strategy
Use smart software

Control critical parameters: T, P, and especially flow rate
(don’t suck the reactors dry)

Automation Suite of Elements

IntraFlow™ NeSSI
Switches streams & controls flow rates

Performs periodic autocalibration sample via a permeation calibration
system

Monitors critical parameters: T, P, F
Calidus & ChromPerfect (CP)
Performs chromatographic analyses
CP operating Calidus, NeSSI & directing data flow is the master
Receives permissions & reports (alarms) results from/to LIMS
LineUp & InStep
Aligns chromatograms to target chromatogram

Assesses results as “consistent with expectations” or “outlier, sound the 2
alarm”




System Overview for the 8 Stream Continuous
NeSSI/microGC/Chemometric System (ot to scale)

I/O Gear
Stream itching
Digital|Qutputs
Ethernet
e |

8 Stream
IntraFlowt™

GEsTesE

Knee Space




anything may ey

Parker IntraFlow™

D r aW i n System Possilbler
g Item Cty Description
?ﬁj 13 IntraFlow field connector top access wi' 1/4” A-Lok fittings
L e g e n d a wisilver plated nuts
L) 4 IntraFlow field connector end access w' 1/4" A-Lok fittings
?% wisilver plated nuis
. A Standard 1/8" thick stainless steel pegboard Wi 4
Assumptions mounting brackets
Parker IF-B2LJ2-55 manual 2-way ball valve, mini lever
1/9 Pot| handle
V4" heat traced
tubi ng at 150 F. % 6 Parker IF-R2K-V-8S actuated 3-way valve
Each stream flow _Q_ 6 Parker IF-FR3-V-C9x-5S bypass filter,
. I . d 100 .02y borosilicate coalescing element,
rate IS Imlte to Parker IF-FR2-V-P3x-SS inline filter,
1 1 1 02y borosilicate particulate element,
ml/min maximum Sperity el
P Wika pressure indicator,
The IongeSt Sa‘mple Pl 6 Specify Pressure Rating:_Vacuum to 2 psig
. . , o
Ilne WI" be <30 '?)h 1 Intrafiow direct connect field connector w/1/16™ A-Lok
. . LA fitting.
Specialty chemical -

concentrations will
be between ~ 5 ppm
and < 200 ppm

®ID

Air Dimension Pump (part# B 161-MP-K.J0-Z) Single Head
NeSS| Dia-Vac pump, 316 ss wetted parts, All-Teflon
diaphragm, 24v BLDC motor {(includes 1 repair kit )

Porter Glass Tube rotometer wi' upstream needle valwe
and 1/4" compression ports on 4 5" centerlines.

7 Includes 1/4" tube stub adapters.
Permeation tube Specity Flow Range:
calibrator at 100 Intertec Varitherm HI Smart Heater & closed loop

1 proportional controller, Class 1, Div 1,
ppm Used fOI’ specify temperature setpoint & voltage, set for 150°F
calibration materials

. Enclosure & SUB-PANEL (SCE-24EL3010LP & SCE-

0P24 )
IF5254-mooox-R3-65TRM




Parker IntraFlow™ NeSSI Sample System

I~ 32.56" -
| = _ . . . I_E_l _ . _ |
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Bonus Application: UltraFast D-2887 for High

Throughput Laboratory, Pilot Plant or On-line
Analysis

Refiners need boiling range distributions
Laboratory
At-line
Online
Older GC technology
Too slow
Too big

-
-
-
-
-
-
-
-
-
-
-

Can’t meet the T-rating requirements in plant economically
Thus, valuable data is not available for realtime process control
Fingerprinting
Yield
Operating parameters
All leads to the need for easier, smaller, smarter, faster & greener
analytical chemistry —
Calidus 101-HT, IntraFlow'™ NeSSI, Infometrix Chemometrics

%



Status of ASTM’s Proposed

| )
Standard Method ull

e
“Boiling Range Distribution of Petroleum Distillates With

Final Boiling Points up to 535°C by Ultra Fast Gas

Chromatography (UF GC)” draft authors Bostic, DiSanzo, Lubkowitz
ASTM D2.04 members
Reviewed the draft and voted before the 12/5/2011 meeting
Negatives were related to text and table entry errors
Industry users stated a compelling need for the draft method

Voted to submit corrected method (text and table) for concurrent
balloting by both the subcommittee and the D2 committee before the

6/25/2012 meeting
An affirmative vote by both will confirm the draft as a standard method.

Here are current results demonstrating conformance with the existing D-
2887 requirements.

(Repeatability & Reproducibility requirements will be the same for the new method but require < 5 minute analysis time)

k




Purchased RT
Calibration
Standard

RESTEC

Certificate of Composition

110 Benner Circle

Bellefonte, PA 16823-8812
Tel: (800)356-1688

Fax: (814)353-1309

Catalog No. : 31674

Description : ASTM D2887-01 Calibration Mix, 1% wt/wt
Expiration Date’: September 2016

Percent

FOR LABORATORY USE ONLY-READ MSDS PRIOR TO USE.

Lot No.: A069249

Storage: Room Temperature

Concentration 3

% Uncertainty 4

weight/weight%) | (95% C.L.; K=2)
n-Pentane (C5) 109-66-0 99% 1.000 wt./wt.% +/-0.58 %
_‘ n-Hexane (C6) 110-54-3 99% 1.000 wt./wt.% +/-0.58 %
3 n-Heptane (C7) 142-82-5 99% 1.000 wt./wt.% +/-0.58 %
| n-Octane (C8) 111-65-9 99% 1.000 wt./wt.% -0.58 %
5 n-Nonane (C9) 111-84-2 99% 1.000 wt./wt.% 0.58 %
6 n-Decane (C10) 124-18-5 99% 1.000 wt./wt.% -0.58 %
7 n-Undecane (C11) 1120-21-4 99% 1.000 wt./wt.% 0.58 %
tan ar 8 n-Dodecane (C12) 112-40-3 99% 1.000 wt./wt.% -0.58 %
9 n-Tetradecane (C14) 629-59-4 99% 1.000 wt./wt.% -0.58 %
10 n-Pentadecane (C'15) 629-62-9 99% 1.000 wt./wt.% -0.58 %
= | n-Hexadecane (C16) 544-76-3 99% 1.000 wt./wt.% -0.58 %
C a I I I ar 2 n-Heptadecane (C17) 629-78-7 99%, 1.000 wt./wt.% -0.58 %
13 n-Octadecane (C'18) 593-45-3 99% 1.000 wt./wt.% +/-0.58 %
14 n-Eicosane (C20) 112-95-8 99% 1.000 wt./wt.% +/-0.58 %
15 n-Tetracosane (('24) 646-31-1 99% 1.000 wt./wt.% +/-0.58 %
u I I l n 16 n-Octacosane (C28) 630-02-4 99% 1.000 wt./wt.% +/-().58 %
17 n-Dotriacontane (C32) 544951 000, 1.000 wt./wt.%% +/-00.58 %
18 n-Hexatriacontane (C36) 630-06-8 09% 1.000 wt./wt.% 1/-0.58 %
-
19 n-T'etracontane (C'40) 4181-95-7 99% 1.000 wt./wt.% +/-0.58 %
I I I I n u e 20 n-Tetratetracontane (('44) 7098-22-8 99% 1.000 wt./wt.% +/-0.58 %
. Solvent: Carbon Disulfide 75-15-0 99%
Column:
ru n I e 10m x .25mm x .25um
I I I Rtx-5 (cat.#10223)
Carrier Gas:
hydrogen-constant pressure 10 psi oy
Temp. Program:
40°C (hold 2 min.) to 330°C 3
@ 10°C/min. (hold 10 min,) -
Inj. Temp:
250°C =
. <€©
Det. Temp: TP ——
330°C D 801 ¢ :1: o)
Det. Type: Al | T fle e
AD . {11 | | | N =
| (=}
| | o~
0 10 20 30 40

Minwtes



Calidus 101-HT Purchased Restek D-2887
Standard Overlaid Blank

— CiUsers\ohn CrandallDocuments\ASTM Documents\ASTM Runs 110620111111107.0034.RAW
—— CiUsers\John Crandal\Documents\ASTM Documents\ASTM Runs 110620111111107 0033 RAW
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Chevron :

Purchased Phillips e
Standard Gas Ol

ASTH D-2887 REFERENCE GAS OIL NO, 1

LOT NO. 2

Cansensus Analysis*

Certificate of T e W Gt

343 t/- 0
354 +/- 0

F 'F ( 0
- IBP 239 k-1 115 tf- 0.6
anaIyS|S 564 ‘0.7 151 Lo 0.4
19 349 b-1.2 176 v~ 0.7
15 193 t/-1.5 201 +/- 0.8
20 135 +/-1.7 224 +/- 0.9
C nsensus 25 469 1.7 243 +- 0.9
O 30 199 +-1.6 259 +- 0.9
35 526 +/-1.6 275 +/- 0.9
40 552 +/-1.2 289 +/- 0.7
values
50 594 +-1.1 312 +/- 0.5
55 610 +-0.9 321 +/- 0.4
50 629 +/-0.8 332 +1=0.4
5 4
4

30 participating e B un

N~~~

5 690 +{-0, 365 ti- 0.4

. 80 712 +(-0. 378 ti- 0.4
laboratories
90 764 +/-0.8 107 +- 0.4

95 803 +/-1.1 428 +/- 0.6

FBP 387 +/-2.6 475 +/- 1.4

Analysis by members of ASTM D-2 R&D D-IV L Study Group on Boiling
Range Distribution by Gas Chromatography The number of
participating labs for batch 2 was 30 Based on preliminary data
pending final approval of Section D.02 04, Section H.

NOTE This sample is nitrogen blanketed I[f transferred to other
containers for storage, nitrogen blanketing is recommended
Store in a cool, dark place Be sure the sample is at room
temperature and well mixed before use The wax point on this

product is 55 °F

e @
vl E. ke 24

M. E. Lopez
Process Cantrol Lab Team Leader



Purchased
Standard Gas Oil

Standard GC

Packed
column

20 minute
run time

Certificate of
analysis
follows

SAVE THIS DATA SHEET!
It Contains Important Information About This Product.

ASTM D2887 Reference Gas Oil
Catalog No. 506419 1x1mL
Catalog No. 48873 6 x 1mL

This sample is a petroleum fraction with an approximate boiling
point range of 250°F-850°F. ASTM consensus values are
listed on the certificate of analysis.

Petrocol™ B column, 20" x 1/8" SS, Col.
Temp.: -25°C to 350°C at 15°C/min.,
Inj. Temp.: 350°C, Det. Temp.: 375°C,
__Flow Rate: 30mL/min., He, Det: FID
Lo 10 v 1 a1 a (128x10'°AFS), Sample: 0.1pl.
0 2 4 6 8 10 12 14 16 18 20
Min.

712-0413

SUPELCO

?396 Sigma-Aidrich Co. Bellefonte, PA
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Blank, RT Standard & Gas Oil Overlaid,
Run Time 84 Seconds

0] Overlay
—— CiUsers\John Crandall\Documents\ASTM Documents\ASTM Runs 110620111111107 0034 RAW
—— CiUsers\John Crandal\Documents\ASTM Documents\ASTM Runs 1106201711111107.0033 RAW
—— CUsers\ohn CrandallDocuments\ASTM Documents\ASTM Runs 110620111111107.0032 RAW *
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D-2887
Report

Points of Interest

Chromatogram
shown with BP
curve and
blank
chromatogram
overlaid

Selected BP
data shown in
the table.

Comparison
follows

D2887 |
Injected On: 20111107184005-0500 by

Diata File: ChiUusersiuohn CrandallDocuments ASTM Documents'ASTM Runs 110620111111107.0032. COF

Blank File: CiiUsersion CrandaiiDocumenis'ASTH Documents'ASTM Runs 1108620111111107.0034 COF

Calib File: ChilserswaneiDocumentsiFaleon 02557 DemosiMaramonil 111070033 COF

Solvent Exclusions: Mins

Quench Region: No Quenching Correction
Uncorr Total Sample Area: 2.3028E8

Corr Total Sample Area: 2.2925E8

Start Of Mate rial (mins): 0.043
SOM Thrsh: (0.00001000%: )

End Of Material (minz}: 0.993
EOM Threh: (0.00032000%)

Material Search Restricted To: 1.100
Material End Forced To: NO FORCE
Warnings: EOM Accuracy may be affected by BLEED at END OF RUN

D2887/D6352 Simulated Distillation Plot

Procedure File:

Page: 1
FalconDZ887.pre
Bazeline Zero: 1004.00000
Sample Weight (g): 0.0000
Sohvent Weight (g): 0.0000

T
|
1
1
|
1
1
|
|
|
|
1
|

D2887/D6352/D7213 Boiling Point Mass Distribution
IBF ... 238.34 B0.00% ... T10.84
500% .. 30285  85.00% ..735.05
10.00% . MT64  B0.00% .. 763.54
15.00% .. 38312 95.00% .. 803.32
20.00% .. 43454 FBP 88546

25.00% ... 468.80
30.00% ... 49777
I5.00% ... 52500




Calidus 101-HT Results Compared to Consensus
Values Reported by Certificate of Analysis

I ——

Degrees |Measured|Accepted Limit F Values Shown
IBP 240 239 13.7 .

5 304 204 = Correspond to the cut points

10 349 349 7.4 reported in the certificate

13 395 393 8.1 Indicate excellent comparison

20 437 435 8.6

25 472 469 8.5 Calculated using raw

30 500 499 8.5 chromatograms

35 528 526 8.1 . A

20 o2 = - LineUp will improve all values

45 578 576 7.7 LineUp use

50 595 594 7.7 .

55 - 10 -5 Absolutely necessary over time

60 629 629 7.7 for data QC automation, no

65 649 649 7.7 human can keep up with ~500

70 669 669 7.7 runs/day (~ 3 minute cycles)

75 690 690 7.7 . .

30 713 — e Extend maintenance interval

85 737 736 7.7 time

90 765 764 7.7 Elevate confidence in the
95 805 803 9.0
results

FBP 887 887 21.2




Absolute Values of Difference from the

Consensus Values (red is the D-2887 tolerance)
e

Boiling Point Difference: | Calidus - Consensus Value|
& |Tolerance| Allowed by D-2887

N\ )

IBP 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 FBP

% Off

Degrees Fahrenheit
\

=Difference F =—Limit F




What about Repeatability?

Chrom Perfect Chromatogram Report

200000

180000 —
160000 —
100 run campaign, every 10t run overlaid.

140000 —

120000 -

100000 -

I

60000 - N

SJIOAOJOI - @suodsay

40000 —

20000 —

T i T J T y T . T

Time - Seconds

Printed on 11/8/2011 8:47:37 AM Page 1 of 1




|
| |
Refinery Plant Lab Results:
Ref Gas Olil. 15 Repli
eterence Gas OIl, 15 Replicates
Rep # 0.50% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00% 50.00% 55.00% 60.00% 65.00% 70.00% 75.00% 80.00% 85.00% 90.00% 95.00% 99.50%|
1 241.3 304.6 349.1 394.8 436.5 471.3 500.0 527.3 553.5 577.5 594.6 610.7 629.3 648.7 668.6 690.1 712.8 737.2 765.3 804.4 885.6
2 240.5 304.4 349.1 394.9 436.8 471.3 500.3 527.7 553.6 577.7 595.0 611.1 629.7 649.3 669.1 690.6 713.3 737.7 766.1 805.3 886.9
3 241.0 304.4 349.2 394.7 436.8 471.3 500.5 527.8 553.5 577.5 594.6 610.7 629.1 648.8 668.5 690.3 712.8 737.0 765.3 804.6 885.7|
4 240.5 304.5 349.1 394.9 437.0 471.4 500.4 527.7 553.7 577.6 594.7 610.9 629.3 648.9 668.6 690.5 712.9 737.2 765.7 804.9 888.8|
5 240.9 304.4 349.3 395.0 437.1 471.6 500.4 527.7 553.9 577.6 594.8 610.7 629.3 648.7 668.6 690.2 712.6 737.0 765.5 804.9 886.2
6 240.6 304.3 349.0 394.6 436.7 471.2 500.2 527.3 553.4 577.3 594.4 610.5 629.0 648.7 668.4 690.0 712.6 736.8 765.2 804.7 887.6)
7 240.7 304.4 349.2 394.8 436.7 471.2 500.0 527.3 553.3 577.4 594.5 610.4 629.0 648.5 668.3 689.8 712.4 736.7 765.0 804.0 886.8|
8 239.5 304.1 349.1 395.1 437.3 471.6 500.4 527.5 553.4 577.3 594.6 610.4 628.9 648.5 668.3 689.9 712.3 736.6 765.1 804.4 885.5)
9 240.5 304.5 349.3 394.9 436.9 471.5 500.5 527.6 553.6 577.3 594.6 610.5 629.1 648.7 668.7 690.4 713.0 737.2 765.4 804.4 885.8|
10 240.8 304.6 349.4 395.1 437.3 471.8 500.8 528.0 553.8 577.6 595.0 611.1 629.5 649.2 668.9 690.5 713.1 737.2 765.3 804.7 887.7
11 240.8 304.4 349.4 394.8 437.1 471.7 500.7 527.8 554.0 577.7 595.0 611.1 629.7 649.3 668.9 690.4 712.8 737.0 765.1 804.4 885.4
12 240.9 304.5 349.1 394.9 437.0 471.5 500.4 527.6 553.4 577.4 594.6 610.4 629.1 648.5 668.3 689.8 712.4 736.6 764.7 803.8 885.0)
13 241.0 304.6 349.4 395.3 437.3 472.0 500.9 528.1 554.0 577.6 594.8 610.5 629.0 648.5 668.3 689.8 712.4 736.8 764.9 804.0 885.4
14 241.0 304.5 349.1 394.9 436.8 471.4 500.5 527.8 553.8 577.7 595.0 611.0 629.6 649.0 668.8 690.5 713.0 737.4 766.0 805.2 886.7|
15 240.7 304.5 349.4 395.2 437.6 472.1 501.1 528.1 553.8| 577.5 594.7 610.7 629.0 648.9 668.6| 690.4 712.9 737.4 765.7 805.4 888.4
AVE 240.7 304.5 349.2 394.9 437.0 471.5 500.5 527.7 553.6r 577.5 594.7 610.7 629.2 648.8 668.6r 690.2 712.7 737.1 765.3 804.6 886.5)
SDEV 0.39 0.12 0.13 0.19 0.28] 0.27 0.29] 0.24] 0.22] 0.14 0.20 0.25 0.25 0.27] 0.24] 0.27] 0.30] 0.31] 0.39 0.47] 1.13]
RSD 0.16% 0.04% 0.04% 0.05% 0.07% 0.06% 0.06% 0.05% 0.04% 0.02% 0.03% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.05% 0.06% 0.13%
Consensus 239 304 349 393 435 469 499 526 552 576 594 610 629 649 669 690 712 736 764 803 887
Difference 1.71 0.45 0.21 1.94 1.99 2.53 1.47 1.69 1.64 1.52 0.73 0.72 0.24 -0.19 -0.41 0.22 0.75 1.06| 1.35 1.59 -0.50

Initial BP = 241°F

84 seconds Final BP = 886°F

Ave. Sdev = 0.3°F
Ave. RSD = 0.05%
Ave. Difference = 1.0°F

-




Is This Proof Enough?

Probably not...
... but we're getting closer!

Our experience

with micro scale fluidics,
leaks are more problematic
than the “dreaded” plugs

with micro GC, the
application capability is
about 80% of the market

need RISK is a four letter word!
with chemometrics, it Users are reluctant
doesn’t take a PhD to take Doesn’'t NeSSI mean NEW?
big advantage of the Who the heck are Falcon and
b fit Calidus and what do you mean
enetits micro?
Chemometrawho? Isn’t that the
And orders are

smoke and mirror stuff from NIR?

beginning to flow...

the real PROOF! k



CALIDUS

micro GAS CHROMATOGRAPH

Justice Lahoratory Software

Thanks to our strategic friends at...

Chevron

InfoMelrix

9 ¥



Not Just for
Simulated Distillation:

Ned Rogues, Falcon Analytical
John Crandall, Falcon Analytical
Steve Bostic, Falcon Analytical



What would the requirements be for an Ultra-
Compact, Fast GC with Broad Commercial
Utility and Acceptance?

ANSWer:

conventional GC, only.
FASTER.....and more.




« D ElexiblerSamplerntreducton

: Acceptgas or LIQUIDiphase samples
i .-I Variablennjectionvelumes throughithe Useor
L a split/splittless type. Injector;

HighiimjectortempsiiorRigh MWW Components

Externallaccessony frendly (ite: autesamplers,
internal/external’sample leep valves; purge &
trap devices)

« = Fast llemperature Programmable
Columns

Employ low pewer, fast heating technigues for;
both rapid heating AND! cooling

High column temps for high MW. components
Only use column length necessary for the job

Make a wide variety of familiar column types
available

«  Detector Variety.

Provide detector options to cover widest
application range (FID, TCD, FPD, ECD)

High detector temps for high MW components

Adequate data rates for capturing narrow.
peaks from fast TP columns

EXPECIEA RPEHOINANCE

Repeatability andireproduceability/MUSHE
MEEL Bl eEXceediacecepted conventional Ge
values

Familiar Seitware

User; friendly::)iol

Plays well with ether programs (€.0.
chromategraphic alignment reutines,
simulated distillation software ,etc:)

Feature richienough to satisfy user.
requirements

Minimize Maintenance Requirements

Modularize columns for compactness and
ease of replacement

Modularize detectors for compactness and
configurability.

Reduce number of switching valves to
minimize leak potential and mechanical failure

Employ system integrity checking routines to
help identify upcoming maintenance events



- =
Our Approach | %‘mmm

* Flnreweurconvenuenal designiparadigms:

* FViaXimize USe OIiMICIOPIOCESSOIS; througnoutthe
Instriment for: control ean INterpretatuon:

Q AJJJ’:)SS msiumam SIZE, Ease Ot USE; POWET:

« The approeach spans innovations both'in hardware
and n seftware.

* Create something commercially viable for all
environments — Lab, at-line, transportable, on-line.




Speed + Modularity + Form Factor

* 1 Thermalimassiisyourftiend: S Minimize thermalimass,
N ETPETELUTEISTIILY | Rapid temperatuirerprogram
 Slew teIrespend torchange methods
Isethenrmalimethods | Fastresponse time:
~ Multiple column switching ~ Increased temperature

schemes repeatability’ and reproducinility
Heavy: & large feotprints Minimal switching schemes
Kilowatt pewer requirement L_ow: power requirement

«  LLarge internal velumes Minimal velume

Lower resolution Higher resolution
Longer columns (long analysis Shorter columns needed
times) Fast cycle times

Or more columns needed for Minimum consumables
same separation

High consumable rates



Calidus:

the Modular, Ultra-Compact GC

3 ~or €~ 2 " . {
* = Fast Asafytical Solutions & Technologies |



1085904 =HAES204 5S04 @ CS

Sample inlet Sample Inlet
100°C - 350°C « 100°C - 250°C
Column Viedules Column Modules

« 5°C aboeve ambient toe
« Column maternal limit

« 5°C aboeve ambient to

« Column material limit
*« Or 4OOOC whichever Is « Or 4OOOC whichever Is
lower

Detector Modules
« 100°C - 350°C

lower
Detector Modules
« 100°C - 350°C

Result: fixed gases to n-C,,

"y *.'it‘: ‘f': ~V\> [’ ( "( j ,'\/,
ZB L Fast Avaiytical Solutions & Technologies |
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< CalidusiCS Conliguratien

Detector Module 1 Detector Module 2

©

P
Column Module 1 FI_ Column Module 2

Chassis Subplate
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This is the tail of
the large peak
heartcut from the
MXT-1 column.
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INTERNATIONAL

Status o1 ASTIVI s Proposed; Standard Viethoad. Beiling Range
DistabutionreizPetroleum: Distillates\WithrEinal Beiling Peints tpito
535°C by Ullra’Fast: Gas Chromategraphy (UENGE) araiauthors Bostic,

DiSanzo, [Lubkowitz
ASTIVIID2:04"members
reviewed the drait and voted before the 12/5/2011 meeting

voted to submit corrected method (text and table) for concurrent balloting
by both the subcommittee and the D2 committee before the 6/25/2012
meeting

An affirmative vote Is likely, confirming the draft as a standard method.

Here are current results demonstrating conformance with the existing D-

2887 requirements.
(Repeatability & Reproducibility requirements will be the same for the new method but require < 5 minute analysis time)

A -
§ el P
Al

-
-___



- -
q:.‘&:( Certificate of Composition

110 Benner Circle FOR LABORATORY USE ONLY-READ MSDS PRIOR TO USE.
B°"‘T'L"'f‘:gbgss1:’:gfa'2 Catalog No. : 31674 Lot No.: ADGI249
F“': (814)353-1309 Dcscnpuon ASTM D2887-01 Cakbration Mix, 1% wi/wt
Expiration Date': September 2016 Storage: Room Temperature

Percent Concentration 3 | % Uncertainty
Elution Orde Compound
(weightiweight%) | (95% C.L.; K=2)

n-Fentane (C5) 109-66-( 94, 000 wt.'wi% L0 58 "

n-llexane (C6) 110-54- 99 000 wt./wt s ' 58 %
n-Heptane (C7) 142-82 99, 000wt /wi S8 %
n-Octane (CK) 111-65- 099 D00 wi/wit S8
n=Nosane (C9) 11184 999y, 000 wiwt "y 58 %6
n-Decane (C10) 12418 09y, D00 Wi wt Yy 58 *a
n-Undecane (C11) 1120-21- 09Ny, D00 wi/wi s 58 "%

3 n-Dodecane (C12) 112403 09oo, D00 wi/wt ™y £8 “%
Stan d ard G ( n- Letradecane (C 14) 61959 DULIN D00 wi o S8 %%
n-Pentudecane (C15) 62962 99, oo \ ) s8¢
I n-Hexadecane (C16) 54476413 99 Hoo -0.58 %
. x n-Heptadecane (C'17) 629-78-7 D9y Hoo ! B
Ca I I Iar n-Octadecane (C1X) §93-45-3 99y, Oun
p y n-Ercosane (C20) 12 D D U 00
n-Fetracosane (C24) 6463 9% 00
nOctacosane (C28) 630 9% 00
COlumn 1?7 n-Dotriacontane (C°312) <41 00% 000
1] n-Hexatriacontane (C36) SO-0 9% 000

n- Fetracontane (CA0) $1-95-7 ey (e
0 - Tetratetracontane (C44) 0982 "re (KN

40 minute

Column

run time
Carrier Gas:
Irydrogen contant press

Temp Program:
¢ (hold min)to id

2 10°C/min, (hokd 10 rmvn

Inj. Temp
25071

Det. Temp:

Det, Type:
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«(Cerlcate of
analysis

CONSeNsSUS
values

30 participating
laboratories

/",-:‘_-.—’
Chevron
Phillips w73 Lossioov

verwlond Comany 8L

ASTM D-2887 REFERENCE GAS OIL NO. 1

LOT NO. 2

onsensus Analysis

). 9
A
.9
.8
8

55
FBP
: study Group
graphy The

Based on prelim
e <

- ection H

Analysis by members
Range Distribution by Gas Chraomat

irticipating labs for batch 2 was 30
pending final approval of Section D.02

of ASTM D-2 RSD D-1vV 1

This ¢ ample 18 nitro gen blanketed  § e <
storage, Itrogen ULlanket|ing

dark place Ee sure the sample
ind vwell mixed befo 150 The wax point

anstarred
ontawners for
store r i
Lemperature
product 1s

cool,

Process Cantrol Lab




SAVE THIS DATA SHEET!
It Contains Important Information About This Product.

ASTM D2887 Reference Gas Oil
Catalog No. 506419 1x1mL
Catalog No. 48873 6 x 1mL

This sample is a petroleum fraction with an approximate boiling
point range of 250°F-850°F. ASTM consensus values are

a Standard GC listed on the certificate of analysis.

Packed

column

20 minute

run time

Certificate of

anaIySIS | wamﬁmwnwss.ca

follows § i o 3607, Dol Totmp. STSC.
__Flow Rate: 30mL/min., He, Det.: FID

Ll b 1t r oy oy r a(128x10™AFS), Sample: 0.1pl .
0 2 4 6 8 1 12 14 16 18 20
Min. ; s

7120413
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RPoints elilaterest

Chiremategram
shewn with' BP
cunve and
plank
chromatogram
overlaid

Selected BP
data shown In
the table.

Comparison
follows

D2887

Injgcted On: 20111107164005-0500 by Procedure File:
Data File:  CiUsersion CranailDocumentsiASTH DocumentsiASTM Runs 110820111111107 0032 COF

Blank File: CiUsersion CranaailDocumentsiAS T DocumentsiASTM Runs 110820111111107.0034 CDF

Calib File: CilserswayneiDocumenisiFaleon 02557 DemosiMarahonii 111070053 COF

Solvent Exclusions: Mins

Quench Region: No Quenching Correction
Uncorr Total Sample Area:  2.3023E8

Corr Total Sample Area: 2.2925E8

Start Of Material {mins}: 0,043
SOM Thrsh: (0.00001000%)

End Of Material (mins): 0,998
EOM Threh: (0.00032000%)

Material Search Restricted To: 1.100
Material End Forced To: NO FORCE
‘Warnings: EOM Accuracy may be affected by BLEED at END OF RUN

D2887/D6352 Simulated Distillation Plot

FalconD2887.prc

Baseline Zero:

Sample Weight (g):
Solvent Weight (g):

= R Aot [T Lo

T
|
H
|
H
|
h
H
|
H
H
|
h
H
|
H
|

D2887/D6352/D7213 Boiling Point Mass Distribution
80.00% .. T10.94
25.00% ... 735.05
20.00% ... 762.54
35.00% .. 802.32
FBP ... 885.16




1BP | 240 239
| 5 304 304
| 10|  349] 349
| 15| 395] 393
| 20| a3 a3
| 25 472 469
| 30| 500 499
| 35| s8] 52
| 40| ssl 559
| 45| 578 74

| s0]  sos|  soa
| S5 61| 610
| 60 69 629

649

| 65

75
| 80
| 85
| 90
| 95
FBP |

o))

0] ~N
o w

D

| 69
| 669
| 6%
7w
| 805

~

[EEN
NIN NN N ININININININ (R =B ~

N

\/alues ' Shewn

Correspond te'the cut peints
repoitedin the certificate

Indicate excellent comparisen

Calculated using raw:
chrematograms

LineUp will'improve all values

LineUp use

Absolutely necessary over time for
data QC autemation, no human

can keep up with' ~500 runs/day (~
3 minute cycles)

Extend maintenance interval time
Elevate confidence in the results

L vf‘.‘r'-" J\ CON

55



(red Is ing D-2887 iolarzirics)

Boiling Point Difference: | Calidus - Consensus Value|
& |Tolerance| Allowed by D-2887
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Chrom Perlect Chromatogram Report

100 run campaign, every 10" run overlaid.

Prrtad on 1182011 84737 AM
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803.8

-
-E--
Ave [ 2a07] 3045 349.2[ 3949

-
EE_
I I

5% .
- r r r r r r r r ;[ ° [ | [ ]
Consensus|  239]  304] 349 303] a35| aeo] 499] 56| 552  s76|  soa| e  e20]  eao] 669 90| 712|736  764] 803 887

« |nitial BP. = 241°F

84 seconds + Final BP. = 886°F

*« Ave. Sdev = 0.3°F

*« Ave. RSD = 0.05%

« Ave. Difference = 1.0°F

AL CON
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MXT-1, FID 1

MXT-WAX, FID2

Cy Heartcut

o

ASTM D-2887 & Crude Characterizations
UltraFast D-2887
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	Calidus MicroGC
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	For On-line Use
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	GC/TSE Oven Schematic
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	Half way to 2020! New GC thinking?
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	Sample processing module woth dual column module, dual detector configuration
	Sample processing module with heartcut valve, dual column module and TCD & FID
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	Module Assemblies Make a GC
	Automation Makes an Analytical System
	But What about Process Design
	Speed of Analysis
	Speed + Applications _Falcon Analytical Introduces the CALIDUSTM microGC Faster, Smaller, Smarter, Easier and Greener than Traditional Gas Chromatographs+ Form Factor
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