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OVER A DECADE OF GCXGC.. SPAC

* Principal research

« Academic focus on
— modulation technology,
— column sets
— exploring boundaries
— Methods
— Further hyphenation

* Poor (practical) application focus

- How can we get GCxGC to really deliver value?
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APPLICATING FOR JET/DIESEL  $EIPAG

CHOICES...

e Columns? Modulation? Method? Quantitation?

— Separation capacity to separate groups over b.p.
range

— Robustness

— Simplicity. Operator should be able to operate and
maintain

— Repeatability, comparison to other methods

WWW pacip.com



APPLICATING FOR JET/DIESEL  $EIPAG

A TURN KEY SOLUTION

Reverse GCxGC
— Best peak capacity

Flow Modulation
— Very repeatable, simple in design and powerful (enough)

 FID
— Universal Response, cost effective, familiar and robust
Application Ready

— No hardware only, no Engineering. You start work
Quality control included
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APPLICATING FOR JET/DIESEL PAC

TURN KEY SOLUTION

« Separation by Groups & Selected Individual
compounds

— Paraffin’s

— Iso-paraffins
— Naphthenes
— Aromatics

— FAMES

* 1 method, B.P up to 450C

* Allows for different Fuel types, incl. Biodiesel.
* Robustness, Repeatability, and comparability

« Simplicity that works
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JET FUEL SPAC
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JET FUEL “SPAC
REFERENCE STD

Source File : C:\Chem32\2\DATA\D150512a\8150512A 2015-05-12 15-42-301111F0201. D'REPORTOL. cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time {min) : 8.0E-5 Total Run Time (min) : 54.95
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JET FUEL SPAC

PAC QC MATERIAL 00.02.717

Source File : C:\Chem32\2\DATA\D150512a\8150512A 2015-05-12 15-42-301112F0401. D\REPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time (min) : 1.0E-5 Total Run Time (min) : 54.95

“‘|l\||lll|lzl.aullulhl.‘l,llllll| UL |.‘j'lll|lllj'|°lﬂm|lll‘ll_.l.allllu1l‘ln||ll||I1|ﬂl.&nl||l|‘l8|ﬁill|ilH,[£ll|\lll_“l?l_allllll ll.al||ll|w.a|ill||hlel&ull||B’1.ollu\|lbl2|l||lll|IIH‘lnlllllllllni_alnluhlslall\llll‘l,l.‘l‘ulu\I‘l:lnlllllnw.&llllll UL Il.alllIIII&II‘;IIIIIIHzl.'I'IIillIkI“laIU i
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JET FUEL
PAC QC MATERIAL

Component standa rd Found Difference

nPar C05 0.51 0.51 .00
nPar CO0O&8 1.00 1.00 0.00
nPar C07 2.00 2.00 o.00
nPar C038 2.50 248 o.04
nPar C0% 3.50 342 0.07
nParC10 4.00 3597 0.03
nPar C11 4 75 4T3 0.0z
nParci1z 5.25 S22 0.03
nParC13 5 5 cE AT 0.03
nParC14 5.00 502 o.02
nParC15 4 25 427 0.02
nPar C18 3.5 3.51 0.01
nParci17 2.75 278 0.01
nParC18 Z2.00 Z.00 0.00
nParC1g 1.00 1.00 0.00
nPar CZ20 0.5 0.5 0.00
Bicycloh e 2.35 237 0.02
Bubtylcyclohexane 3.50 352 0.03
Cwlododecane 1.25 127 0.02
Cywcloheptane 2.00 203 0.03
Cwlohexane 1.25 128 0.03
Cyelooctane 2.75 280 0.05
Cyclopentadecane 0.75 0.7s 0.01
Cyclopentdcyclohexane 0.75 075 0.00
trans-Decahydronaphtalene 2.75 275 0.00
Ethvicwlohexans 2.00 202 0.02
Hexvcyclohexane 1.50 1.49 0.01
M ethycyclohexane 1.25 125 0.04
Pentycyclohexane 4.00 3592 0.07
P ropylcyclohexane 2.75 275 0.00
12,4 5 Tetramethwbenzene 2.75 278 0.01
12 4-Trimethylben=zne 3.50 3.51 0.01
2-ethytoluene 3.00 3.01 0.01
Benzene 0.50 n.so 0.00
Ethwiben=ene 2.00 2.00 0.01
H examethybenzene 0_50 052 0.01
o-Xylens 2.75 275 0.00
Pentamethyben=ene 2.00 1598 0.02
nPropyben=ene 4.00 4.00 0.00
Toluene 1.05 1.05 0.00
2Fthynaphtalene 0.55 055 0.00
HNaphtalene 0.55 055 0.00
Total Parafins 48.00 47.82 01
Total Naphtenes 28.84 25.00 0.18
Total &romatics 23186 2218 0.02
100.00 100.00
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JET FUEL
SPK 5018

Source File :

Column 1
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JET FUEL
SPK 5172

Source File :

Column 1
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JET FUEL
SPK 5642

Source File :
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JET FUEL
SPK 5698

150512a'81 24 5-1: 301116F1201. D'\REPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time (min) : 8.0E-3 Total Run Time {min) : 54.95

haran T
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JET FUEL
’KERO’ 1

Source File : C:\Chem32\2\DATA\D150817a\S150817A 2015-08-17 16-26-071115F0601. DIREPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time (min) : 8.0E-5 Total Run Time (min) : 54.95

o

Unknowns (reported as Naphtenes)
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JET FUEL $PA
JET W/0 AROMATICS

Source File : C:\Chem32 2DATAD] 50918618 1509188 2015-09-18 16-15-5611 13F1001 I'REPORTOL odf Sampling Rate (Hz) : 200.0 Modulation Period {sec) : 3.5 Start Time {min) : 8.0E-5 Total Run Time {min) : 54.95

E “““I”HJ;”””IHEI”””H;‘”””IH];”““I|IDI_|I]“““tI;In“““I1'.1'[']”””1'5';‘““” él-rjllllll é_‘ll!‘ll|I|IEI];IIIIIIHA{uIIIIIII&IJ;IIIIII%!ulllllllgjl-ulllllll&ll!‘llIlllhl‘.llulllllll II.allllIlk!qlﬁllllllwnlllllIILIEIJ;IIIIIIWJ;IIIIII “.U“I”IIH‘I{“““H{U"””IEU“I””HQID”I 2
Colume [
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JET FUEL
BASE FLUID

: Source File : C:\Chem32\2\DATA\D141030¢'3141030C 2014-10-31 16-13-161109F1201. D\REPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start
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DIESEL SPAC
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DIESEL
REFERENCE STD

Source File : C:'Chem32\2'\DATA\D150817al8150817A 2015-08-17 16-26-071103F1101.D'REPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time {min) : 1.0E-5 Total Run Time (min) : 64.98333333333...
1200.00

-

w

FAME's

ciap C20:0 £220

C16:0
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DIESEL FUEL
PAC QC MATERIAL 00.02.719

Source File : C:\Chem32'2\DATA'D150817a\8150817A 2015-08-17 16-26-07T\104F1301.D'"REPORT01.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time (min) : 0.0 Total Run Time (min) : 64.98333333333333
- 200,00

L

FAME's

: FRE R M B VR R H R Y R H R R &.‘a"""lii'e'"'"I:'i.'n"""l:'i'n'"'"I:'é.'n"""Iz'&.'n"'"‘H&.h""'c'lfﬁn;l"la'ih"""Ia'd.'n"""Ia'é.'n"'"'I-i&.'n"”"H-:h"""hi.'n"' Vet e et e lesn " lsd
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DIESEL FUEL

PAC REFERENCE MATERIAL

Coom ponent

-

s
nPFar CO5 0.50 0.01
nPar 0S5 0.75 0.02
nPBar CO7 1.00 0.02
nPar O 125 0.08
nPar & 1.50 0.07
nPar C10 200 0.04
nPar C11 250 0.03
nPFar C12 325 0.02
nFar 12 4.00 0.01
nPar C14 4.50 0.02
nFar C15 425 D.02
nPFar C18 250 0.04
nPar C17 2.00 0.04
nPFar C18 250 0.04
nFar C19 200 0.02
nBar 20 1. 0.01
nBAr C33 1. 0.02

1 0.01

0. 0.00

0. 0.01

1.50 1.50 0.00

1.5 1.50 0.00

1.50 1.49 0.01

1.50 1.48 0.02

2. 239 0.04

3. 252 0.02

1 1.27 0.02

2. 201 0.01

= 27e 0.02
Cyclpentadecans 0. 0. 78 0.01
Cyclopenty loy clohexane ] 0.75 0.00
trans-Decashydronaphtalens 2 275 0.00
Ethry | lkohecane 2 1.989 0.00
Hexy loyclohexans 1. 1.50 0.00
Methy loy clohexane 1 1.27 0.02
Penty loy clohexans 4 3.93 007
Propy loy clohexans 2 273 0.02
Cyclohecans 1 1.28 0.01
1,2,4,5-Tetramethy lbenzens 275 277 0.02
1.2 4-Trimethylbenzens 3.50 3.851 0.01
2-sthy holusns 200 2.01 0.01
Benzens 0.50 049 0.01
Ethy lbenzene 200 1.88 0.02
Hexamsthy lbenzene 0.50 D.52 0.02
Pentamethy benzens 200 1 0.01
n-Propylcenzens =00 2. 590 0.01
Tolusne 105 1.02 0.02
o-XKy lens 275 274 0.01
2-EthyInaphtalens 0 .55 0.55 0.00
Mephtslens 055 0.55 0.00
Total Foraffins 42008 41.99 0.02
Total FAME 2.001 5.982 0.04
Total Mapghtenes ZB.EE 2e93 D.o8
Total Aromatics 23.14 2312 0.02

100.000 100.00
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DIESEL FUEL
REGULAR DIESEL 1

Source File : C:\Chem32\2\DATAD150817a\8150817A 2015-08-17 16-26-0T\105F1501. D'REPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time (min) : 0.0 Total Run Time (min) : 64.98333333333333

200,00

w!

o

- .IolIIIIII 1.I°IIIIIIIHHIIIII|H.I°IIIIIIIH.|°IHIIIII;aBIIIII :5HIkIII IA.IOIIIIIII‘I.!BIIIII 'I‘IIIIII IIII°||I1II II.InkIIIII I|.|°IIIIII IIII°IIIIII II.I°IIIIII Il.lollllll Il.lollIIIIB;.Iollllllm.lollllll IIII°IIIIII II.inIIIIII II.I°IIIIIIH‘I.IOIIIIIIHHHIIIH};IIIIIm.lollllllkzl.ulllll II.InIIIIII IIHIIIII IIBIIIII IIIBIIIIII IIHII!IIBABI 2
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DIESEL FUEL ESPAC
SHELL V-POWER DIESEL

2 Sowrce File : C:\Chem32' 2 DATAD140106a'SAMPLE 2 CORRECTED. AIA'SIGNALDL cdf Sampling Rate (Hz) : 200.0 Modulation Period {sec) : 3.5 Start Time (min) : |

L]
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DIESEL FUEL
DIESEL “R5”

Source File : C:\Chem32\2\DATA\D150817a\8150817A 2015-08-17 16-26-0T\109F2301. D\REPORTO1.cdf Sampling Rate (Hz) : 200.0 Modulation Period (sec) : 3.5 Start Time (min) : 0.0 Total Run Time (min) : 64.98333333333333
- 200,00

0.00

= .IolIIIIII I.IolIIIlIIHBIIIIIIH.InIIlIIII l.lol|||||||H.1alllllluzl.|°|IIIIII‘IABIHII “.lolllIIII\‘I.I.IOHIHIHBIIIII IIH!IIIIBQIBIIIII&IHIIIII ||.|°|||||| ".IOI"“; r:Illlillm.lollllllw.lollllll II.IolllrII IIBIIIIIkl.iolllIllw.lolllIIIH.IolIIIIIHHIIIII&HIIIIlkalblIllllsilolllkllm.lollllll IIHIIIII IIInIIIIII II.IolIrIIIBABI
Cohamn
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OTHER APPLICATIONS “EPAC
POLY NUCLEAR AROMATICS
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LINEARITY & DETECTION LMIT  &2IPAC
POLY NUCLEAR AROMATICS

Linearity low level Anthracene
__ 012
& y = 0.9368x + 0.0027
o 01 R? = 0.9991
=
o 0.08
E
a
S 0.06
g
< 0.04
c
(-4
§ 0.02
J
E 0
g 0 0.02 0.04 0.06 0.08 0.1 0.12
“ Concentration Anthracene prepared (%)
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REPEATABILITY “EPAC
DIESEL

n-Paraffin Distribution Duplo analysis Sample #6

25

B Sample 6-1
B Sample 6-2
OI “
Q == um II II “ [ | T T

5 6 7 8 9101112131415161718192021222324252627 282930
Carbon #

% weight.
|_'h
= L

L
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REPEATABILITY EPA
LIGHT CYCLE OIL

1R aromatics 2R aromatics 3R aromatics 4R aromatics Naphthenes n-Paraffins Paraffins

R (% m/m) (% m/m) (% m/m) (% m/m) (% m/m) (% m/m) (% m/m)
1 14.89 26.03 22.59 0.80 10.18 7.44 25.51
2 14.80 26.05 22.65 0.81 9.98 7.56 25.72
3 14.88 25.89 22.70 0.83 9.83 7.40 25.87
4 14.86 25.81 22.78 0.84 9.97 7.40 25.74
5 14.84 25.99 22.73 0.71 9.87 7.43 25.86
6 14.84 25.64 22.59 0.74 9.86 7.35 26.17
7 14.92 25.74 22.72 0.79 10.11 7.39 25.72
8 14.87 25.99 22.55 0.75 9.63 7.42 26.19
9 14.77 25.92 22.73 0.74 9.86 7.45 25.99
10 14.69 26.12 22.67 0.76 9.74 7.43 26.02
MIN 14.69 25.64 22.55 0.71 9.63 7.35 25.51
MAX 14.92 26.12 22.78 0.84 10.18 7.56 26.19
Average 14.84 25.92 22.67 0.77 9.90 7.43 25.88
stdev 0.0677 0.1498 0.0744 0.0439 0.1631 0.0554 0.2184
RSD 0.46% 0.58% 0.33% 5.7% 1.7% 0.75% 0.84%

Sample: Light Cycle Oil sample
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ACCURACY/PRECISION/BIAS SPAC
GCXGC VS IP391 - MONOAROMATICS

Monoaromatics, % by mass Reproducibilty calculation as per IP 391
method
Sample IP 391 method
metho
N 2D GC method Reproducibiility (+ Reproducibiility (-
(HPLC/RI detection) P v () P vy ()
HSD -1 26.53 24.75 29.88 23.18
HSD -2 26.42 24.51 29.74 23.10
HSD -3 26.57 24 29.87 23.27
HSD -4 14.41 14.59 16.15 12.67
HSD -5 25.85 24.51 29.13 22.57
HSD -6 13.99 14.57 15.70 12.28
HSD -7 24.33 24.5 27.50 21.16
HSD -8 25.27 24.03 28.48 22.06
HSD -9 23.37 25.02 26.51 20.23
HSD -10 22.76 22.93 25.71 19.81
36 N T T T T |
32 - i
PR ~ o ]
= 9 PN F __
=
r=4
S
S
= - .
S| 12 A v K i
i —=— IP 391 (HPLC/RI)
8 — e — 2D GC (FID)
1 - -—a- - Reproducibility (+) -
4 --w- - Reproducibility (-)
1 2 3 a 5 & 7 8 o 10

HSD Samples
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ACCURACY/PRECISION/BIAS SPAC
GCXGC VS IP391 - POLY-AROMATICS

|Po|yaromatics, % by mass Reproducibilty calculation as per IP 391 method
Sample
|IP 391 method
. 2D GC method Reproducibiility (+ Reproducibiility (-
(HPLC/RI detection) P v () P v ()
HSD -1 5.11 4.64 6.48 3.74
HSD -2 2.83 2.83 3.82 1.84
HSD -3 2.85 2.78 3.84 1.86
HSD -4 3.64 3.53 4.77 2.51
HSD -5 2.85 2.98 3.85 1.85
HSD -6 3.46 3.61 4,58 2.34
HSD -7 2.78 2.96 3.78 1.78
HSD -8 2.51 2.47 3.44 1.58
HSD -9 4.57 4.85 591 3.23
HSD -10 2.08 2.35 2.95 1.21
10 T T T T
o - i
i —=— |IP 391 (HPLC/RI)
8 - — e 2D GC (FID) N
@« - - -a - Reproducibility (+) 4
i 4. - —w - Reproducibility (-)
E 1
g s
S :
S 4
=l p
== 3
2 ]
14
i

1 2 3 <4 S S 7 8 =] 10
HSD Samples
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SUMMARY SPAC

GCXGC ANALYZER

1 system, 1 method
— Simple hardware: Flow Modulation + FID

Reports all relevant groups including FAMES
Sample range Jet/Diesel/Biodiesel (450C FBP)
Standards and Reference Materials

Robust, comparable and actionable data

GCxGC can be simple and performed in routine.
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GCXGC SPAC

FUTURE CHALLENGES

« Widen implementation, produce more real
sample data in routine use.

* Standardization

WWW pacip.com
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Contacts for more information:

Salessupport@paclp.com
rob.dejong@paclp.com
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