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How it started:

How it’s going:
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GCxGC Chromatogram




Diagram of a GCxGC Instrument
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How GCxGC is achieved
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GCxGC Chromatogram




GCxGC Classification
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Quantitative results (some)

LA

n-paraffins F-76 Jet A FI-IPK  Green diesel F-76 Jet A FT-IPK  Green diesel
C8 0.13 0.83 0.00 0.13
(o] 0.42 5.05 0.00 0.20 Alkylbenzenes
clo 1.54 4,96 0.10 018 c7 0.06 0.07 0.00 0.03
Cl1 232 3.36 0.00 0.00 c8 0.26 1.79 0.0 0.00
clz 222 2.37 0.10 018 co 1.30 4.86 0.07 0.00
13 2.21 1.90 0.08 0.23 c10 1.75 327 0.08 0.00
Cl4 213 1.27 0.04 0.40 €11 1.33 215 0.04 0.00
C15 1.93 0.76 0.03 0.88 c12 0.94 1.72 0.00 0.00
Cl6 1.71 0.36 0.01 2,84 13 0.63 1.04 0.00 0.00
Cc17 1.58 0.10 0.00 1.76 Cl4 0.33 0.35 0.00 0.00
18 1.32 0.02 0.00 4.40 €15 0.25 019 0.00 0.00
c19 1.10 0.00 0.00 0.04 Cle 0.20 0.02 0.00 0.00
20 0,05 0.00 0.00 0.08 c17 019 0.00 0,00 0,00
21 072 0,00 000 000 C18 + 0.14 0.00 0,00 0,00
a3 0.45 0.00 0.00 0.01 Total alkylbenzenes 740 1546 0.20 003
23 0.24 0.00 0.00 000 Cyclosromatics
24 011 0.00 0.00 0.00 {:9 0.05 0.14 0.00 0.00
5 0.05 0.00 0.00 0.00 c10 0.44 0.78 0.00 0.00
26 0.02 0.00 0.00 0.00 L:'l 1 1.29 1.73 0.0 0.00
7 0.00 0.00 0.00 0.00 {:12 1.68 2.24 0.05 0.00
Total n-paraffins 21.15 20.97 0.35 11.33 513 1.52 1.26 u.ol 000
C14 1.19 0.73 0.00 0.00
15 1.02 0.01 0.00 0.00
Cl6 0.36 0.00 0.00 0.00
C17 0.03 0.00 0.00 0.00
C18 + 0.00 0.00 0.00 0.00
Total Cycloaromatics 7.58 6.89 0.08 0.00

Vozka, P., Mo, H., Simacek, P., Kilaz, G. (2018). Talanta, 186C, p. 140-146.



Detailed Analysis of Complex Chemical Mixtures

Such as:

* Petroleum products * Beach Oil spills

* Microplastics analysis

(Organic compounds)
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Plastic Waste in Oceans

Ocean Of Plastic

& picture-alliance/Photoshot




Plastic Waste in Oceans




- 3 ~-l~_~*perhaps only plastic left.t R




Plastic Waste - Landfill
LA




The growing plastic waste problem

40

8 billion metric tons as of 2015

Input to Oceans (3%)

The majority (76%) was landfilled
30

63% are polyolefins polyethylene

(PE) and polypropylene (PP) é
« Slow natural degradation / 20 %
 Pollution to the environment E
Landfilled (76%) &

10

» A serious threat to ecosystems and

eventually to human health

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Global Plastic Waste Accumulation/Disposal and Projection



Chemical conversion of plastic waste into fuels

@ PURDUE
PRAGUE UNIVERSITY.

* Pyrolysis (+ hydrotreating) of: * Hydrothermal Processing of:
plastic foils and waste tires polyolefin plastic waste




Chemical conversion of plastic waste into fuels Collaboration with:
7 =) PURDUE

UNIVERSITY.

Fuel 273 (2020) 117726

Contents lists available at ScienceDirect

Fuel
= i v
ELSEVIER journal homepage: www.elsevier.com/locate/fuel
Full Length Article
Conversion of polyethylene waste into clean fuels and waxes via K
hydrothermal processing (HTP) =

Kai Jin®"', Petr Vozka™', Gozdem Kilaz”, Wan-Ting Chen®, Nien-Hwa Linda Wang™~

* Davidson School of Chemical Engineering, Purdue University, West Lafayette, IN, 47907, USA Fuel 294 (2021) 120505

¥ Schaol of Engineering Technology, Fuel Laboratory of Renewable Energy (FLORE), Purdue University, West Lafayette, IN

© Department of Plastic Engineering, University of Massachuserts Lowell, Lowell, MA, 01854, USA . . . .
Contents lists available at ScienceDirect

Fuel
ELSEVIER journal homepage: www.elsevier.com/locate/fuel
Full Length Article )
Low-pressure hydrothermal processing of mixed polyolefin wastes into e

clean fuels

Kai Jin®, Petr Vozka ”, Clayton Gentilcore °, Gozdem Kilaz“, Nien-Hwa Linda Wang ~~

* School of Engineering Technology, Fuel Laboratory of Renewable Energy (FLORE), Purdue University, West Lafayette, IN 47907, USA
E Department of Chemistry and Biochemizery, Califormia State University, Loz Angeles, CA 90032, USA
* Davidson School of Ghemical Engineering, Purdue University, West Lafayerte, IN 47907, USA



Chemical conversion of plastic waste into fuels Collaboration with:

UNIVERSITY OF
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Production of Transportation Fuels Via Hydrotreating of’
Scrap Tires Pyrolysis Oil
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' PURDUE

UNIVERSITY.
Commercial Diesel fuel HTP Diesel fuel
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UNIVERSITY OF
CHEMISTRY AND TECHNOLOGY
PRAGUE

Diesel fuel distillation range pyrolysis oil after hydrotreating (270 °C and 6 MPa )

Signals: S(1

Secondary Axis Retention Time (s)

Primary Axis Retention Time (s)



}[ PE oligomers E) (D)

, H
C Rl\C/é\c/H
[ cyclics
(B) H/C\E/C\R y
I
fv-c-c—r | n-paraffins
H H A ( (E)
v
| EN /R .
@ o - 0L "l ot |
Ry R4 A RN /C\C/H .
1] aromatics
|_I| T v k ) H” \E/C\R
R-c-c—r 1 jsoparaffins
R, H
| (B) (F)
C
1 A 1 . (B)
c—¢ PP ¢=¢ PP oligomers H/cl\c/cl\c/cl\R multi-ring aromatics
H o CHy| Ho CHy| Aoh

Potential reaction pathways of PE and PP co-processing under LP-HTP. (A) depolymerization, (B) B-scission, (C) hydrogen
abstraction, (D) cyclization, (E) dehydrogenation, (F) formation of multi-ring aromatics, (G) isomerization, (H) formation of short
n-paraffins (C.), (1) further cracking to gases. The thickness of the arrows indicates the relative amounts of products.



+ aromatic alkEnes

cycloaro-C18+

N-C17
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 Ph-C17+ .-



DMDS Derivatization P
- !
Sample Preparation Theory ~~

IS, DMDS, and |, solution
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70 °C oven for at least an hour Y
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Sodium Thiosulfate
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Organic phase analyzed via GCxGC-FID \ \




Calculations

Olefins in sample

* |so-alkenes

.+ Olefins with 1 double bond
 Olefins with 2 double bonds

 Olefins with 3 double bonds

Equation

Iso-alkanes + Iso-alkenes

Monocycloalkanes + Olefins
o with 1 double bond +
‘J Linear-olefins

Dicgs!oalkanes + Olefins with 2 double bonds
Tric!gloa!kanes + Olefins with 3 double bonds

Wt. % Olefin, C# — P-A-Pre—Derivatization, C# — P-A-Post—Derivatization and Normalization, C#

Example

0) — . . . — . ] . . .
wt. /OIso—alkene, c11 — P-A-Pre—Derwatlzatlon, C11 P-A-Post—Derwatlzatlon and Normalization, C11



Calculations

Olefins in sampl¢ 2
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Calculations

Olefins in sample
* Linear-alkenes

-(Iso-alkenes o N e S Olefins with 1 doble bond
ElTRL . : T2 ol Linear-olefins
* Olefins with 1 double bond lefins with 2 double bonds

* Qlefins with 3 double bonds

| | leins whh 2 doubl bonds |
- Olefins with 2 double bonds o oo e

Equation

Wt. % Olefin, C# — P-A-Pre—Derivatization, CH# — P-A-Post—Derivatization and Normalization, C#

Example
0) — . . . — . ] . . .
wt. /OIso—alkene, c11 — P-A-Pre—Derwatlzatlon, C11 P-A-Post—Derwatlzatlon and Normalization, C11



Results (selected)

Example

0 — . , , — . . . . ,
wt. /Omonocycloalkene, c11 — P.A. Pre—Derivatization, C11 P-A-Post—Derwatlzatlon and Normalization, C11

UCT Prague sample; diesel fraction obtained from the pyrolysis of scrap tires

/

Cycloalkanes

Surovina PNEU PE (area)

Surovina PNEU PE [wt. %)

Post-Der. (area)

Post-Der. Normalization (area)

Olefin (wt. %)

Real Cyclo (wt. %)

Olefins [area!

monocyclo-alkane Ch a 0.00 0 0 0 0.00 u.00
monocyclo-alkane C6 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C7 0 0.00 0 0 0 0.00 0.00
monacyclo-alkane C8 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C9 2457 75 0.46 52559 41713 204062 0.38 0.08
monocyclo_alicane C10 5073.85 0.94 4278 24 3395.43 1678.42 031 063
rmonogclo-alkaneCH 8531.58 1.59 614281 4875.25 3656.33 0.68 0.91
monocyclo-alkane C12 3023.63 0.56 1665.03 1321.45 170218 0.32 0.25
monocyclo-alkane C13 2498 03 0.46 1307 33 1037 56 1460.47 027 0.19
monocyclo-alkane C14 1658 46 0.31 510.81 40540 1253.06 0.23 0.08
monocyclo-alkane C15 382.18 0.07 0 0 382.18 0.07 0.00
monocyclo-alkane C16 201.36 0.04 0 0 201.36 0.04 0.00
monocyclo-alkane C17 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C18 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C19 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C20 0 0.00 0 ] 0 0.00 0.00
monocyclo-alkane C21 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C22 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C23 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C24 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C25 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C26 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C27 0 0.00 0 i} 0 0.00 0.00
monocyclo-alkane C28 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C29 0 0.00 0 0 0 0.00 0.00
monocyclo-alkane C30+ 0 0.00 0 0 0 0.00 0.00
total monocyclo-alkanes 23826.84 4.43 14429.81 11452.23 12374.61 2.30 213

CAL STATE

LA



Results (totals)

Before wt. % After wt. %
n-alkanes 1.54 n-alkanes 1.54
| " o » - Iso-alkanes 0.64
so-alkanes + Iso-alkenes : so-alkenes 0.22
v loalk olefi 4 Byl Monocycloalkanes 0.96
+
onocyc- Oaltanes €1ins Wi ouble 4.43 Olefins with 1 Double Bond + Linear
Bond + Linear-alkenes 3.47
alkenes
Dicycloalkanes + Olefins with 2 Double 57 01 ieeleRlEes L5
Bonds ' Olefins with 2 Double Bonds 25.20
Tricycloalkanes + Olefins with 3 Double | EEIoE | EnEs ol
4.60 : :
Bonds Olefins with 3 Double Bonds 3.50
Aromatics 53.66 Aromatics 53.66

Light Hydrocarbons 7.90 Light Hydrocarbons 7.90



Validation comparison to other ASTM methods

120.0 ® lodine value, ASTM D4607 (g 12/100 g)
100.0 Bromine number, ASTM D1159 (g Br2/100 g)
80.0 = FIA, ASTM D1319 (vol%)
60.0 = GCXGC (wt. %)
40.0
= 1 W]
0 | ... _

FOIL feed FOIL FOIL FOIL FOIL FOIL FOIL FOIL FOIL
210/10 240/6 240/10 270/6 270/10 300/10 330/10 360/10

nine (9) gasoline-like samples



Methods - disadvantages

* Jodine — hard to buy in some places

* DMDS-....

* Main problem — heavier isoalkenes > not shifting to aromatic region




Chromatogram — diesel-like sample pre-derivatization
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Chromatogram — diesel-like sample post-derivatization
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* Validate the results using GCxGC-TOFMS

Pegasus BT 4D GCxGC-TOFMS

Benchtop GC-MS with high-performance
GCxGC modulation

with thermal desorption/pyrolysis unit
with a LN2 trap



* Validate the results using GCxGC-TOFMS

 Attempt to use ChromaTOF Tile -
(or beg Dr. Synovec group for their help) Chromdr( F

Tile

 Use different derivatization methods (e.g., oxidative derivatizations,
such as ozonolysis and single oxygen)



My awesome students...




GCxGC Training/Research Facility

LECO ChromdIlC £
CIAIL,

COMPLEX CHEMICAL COMPOSITION ANALYSIS LAB

Pegasus BT GC-TOFMS QuadJet SD Pegasus BT 4D GCxGC-TOFMS
Benchtop GC Time-of-Flight GCxGC modulation system with Benchtop GC-MS with high-
Mass Spectrometer Flame lonization Detection performance GCxGC modulation



Course: Analytical Separations and Mass Spectrometry

What | did:

* asked for free (broken/used) stuff from the vendors
* redesigned the curriculum by including MDC instruments

» |et students practice on real instruments/parts







Phone

3 323.343.2368
Email
pvozka@calstatela.edu
COMPLEX CHEMICAL COMPOSITION ANALYSIS LAB Web

calstatela.edu/research/c3al

cal c3al Edit profile Ad Tools O

3 .
@7 E& 27 posts 134 followers 43 following

COmplex Chemical COmp©@siti®n Analysis Lab (C*AL)

linktr.ee/c3al



Thank you, thank you....!

Dr. Pierre-Hugues Stefanuto Dr. Katelynn A. Perrault Dr. Dwight Stoll
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