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Overview
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= Introduction to pyrolysis

= Pyrolysis-GC/HRMS with soft ionization

= Applications
— Comparison to Py-GC/MS with El
— Analysis of biobased plastics
— Statistical analysis
— Other applications
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Pyrolysis

Combustion
= Hydrocarbon reacts with oxygen to produce carbon dioxide and water

HHHH Combustion
> CO.HO
HHHH Heating in the presence of O,
Butane
Pyrolysis
= Pyrolysis process is done in the absence of oxygen.
i C1 c2' c2 C3 C3
R R Fyrolysis A (L
> [
HHHH Heating in the absence of O,
Butane Pyrolysis products = Pyrolyzates

Applied vs Analytical
= There are two key applications for this technique.
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Applied Pyrolysis

Biomass decomposition

Biomass

¢ Pyrolysis oll

Pyrolysis

- Biochar

Gases

Chemical recycling

= Pyrolysis is one of the main methods for chemical recycling of plastics.
— Breaks downs polymers to monomers with quality recovery of the recycled material
— Suitable for challenging feedstocks containing mixture of several plastics and impurities
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Analytical Pyrolysis

Pyrolysis
= Pyrolysis process is done in the absence of oxygen.

GC Separation

N Cc1 c2 c3
HHHH Pyrolysis H M H HoH HOHH HH H
H—C—C—C—C—H > |H-¢H|| o= ||H-¢c-C—H||[H—¢—¢-¢—H|[H-c—c=C]
[ — H H H H _H H H H HH H .
HHHH Heating in the absence of O, Mass Detection
Butane Pyrolysis products = Pyrolyzates B Pyrogram

;‘/Q» Styrene(S) . s =tyrone
N - 2 Butadiene
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Styrene-butadiene rubber (SBR)

Polystyrene (PS)

Polypropylene (PP)
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Pyrolysis-GCMS - Challenges and Limitations
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® Database search -

- While some monomers are listed in the database, not all pyrolyzates spectrum
are registered.

= Analyzing unknowns

- The pyrolysis process and electron ionization, or electron impact, (El) do not Py-APGC HRMS
generate intact molecular ions of pyrolyzates can help with

— Quad mass resolution is also too low to do elucidation and identify true these analytical
unknowns challenges

= Sensitivity of high mass range

— High mass pyrolyzates, trimers and higher, are often sensitivity challenged

— El can make it difficult to confirm the molecular ion of high molecular weight
polymers as these often are fragmented in the ionization process i
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Connecting up the instruments

Frontier Auto-Shot Sampler
Xevo G2-XS QTof (AS-1020E)

| I i,

k. GC
Ll

APGC Source

CDS Pyroprobe 5000 Series
with autosampler
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Pyrolysis GC-MS and Soft lonization Wo’rer S

APGC (Atmospheric Pressure Gas Chromatography)
= Soft ionization

Analyte Molecules are ionized after
GC elution and directed to the mass analyser

Corona discharge N, make-up gas delivered
at needle creates plasma through transfer line interior

—

Mass Analyzer GC Oven

N, meets GC eluent Flow
at transfer line tip
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Pyrolysis GC-MS and Soft lonization
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“Dry” Source Conditions:
Favored by relatively
non-polar compounds

APGC (Atmospheric Pressure Gas Chromatography)

= Soft ionization _
Corona discharge  @- N 2N, M
needle 2

1) e——

[ Charge Transfer ] De- +@ ,+® Mte

Corona discharge N.+® H,O
2
2) needle
—————
[ Protonation | N,*® o+e “Modified” Source Conditions:
2 Favored by relatively

polar compounds
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Pyrolysis-APGC-QToF MS Waters
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Soft lonization

= Higher masses can be seen:

100, 193.1015
CsoH3,
< 207.1168
Mass error
-0.2 ppm
298.1708
178.0780
208.1236 416.2503
115.0541
17.0695 221.1327 311.1799 2172538
91.0535 H 130.0767 1650707 | ‘ “‘222-1369 ‘ 312.1839339.2110 4142357 |(
ol ‘ ‘ ‘ ‘ NS 1 PR R e cnill Ll : : : : : i) A : L ‘ ; ‘ ; ‘ ; Al m/z
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

Polystyrene tetramer at m/z 416.2503 corresponding to [M+Cj,H;,]*cation
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Pyrolysis-APGC-QToF MS Waters
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Soft lonization
= Presence of the molecular ion:

100 5530
o 96.31
| | a\.—
3031 391141 10 5427 | 96.27 69.17
- e 5132 w 57.36 6834 ‘3432 954' B 11331 12202 13625 14042 15099 154.19
3847 ; 11132113, { ! :
s 26'?2|] BN I|.| ‘ I.M‘ (o 32, | || -". '('. R I N IR | L 156195155,-15 | 18se 19415 vz
20 30 40 50 60 100 110 120 130 140 150 160 17 180 190 200
100- 195.1499
APGC [C11H1sONy+H]*
Mass error 1.0
ppm
5
194.1422
1541233 196.15p2
193.1347
0 sosssoer P8 112.0759 16007 W708%u0n00 | 1651116 170,118 1| ror)sse
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 17 180 190 200

Comparison of spectra from El and APGC highlighting the presence of the protonated molecular ion in APGC. (polycaproamide (Nylon 6))
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Pyrolysis-APGC-QToF MS

MSE

= High and low collision energies are alternated so that the accurate mass of both precursor and
fragments ion can be simultaneously acquired.

S T Alignment
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Pyrolysis-APGC-QToF MS
MSE
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= High and low collision energies are alternated so that the accurate mass of both precursor and

fragments ion can be simultaneously acquired.

100. 96.0795

High energy
=& 98.9821
113.1065
55 0509 60,0680 77.0354 94.0639 115.0544 128.0614 177.1383 195.1498
67 0519 80.0464 108.0788 136.0742 1640639  167.0703 180.0815
A0S0 | I N e A -
0 : : - : ‘\\‘\ ‘\“}\‘J‘. “‘ “‘“ \‘\”‘]l“‘h\w‘“u““l “II‘II \“H\‘whl‘l‘ ‘HHH“\HH"“H‘\ JJ““\”“\HH\H”‘H'“(I"\m/z
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
100+ 195.1494
Low energy
NS
194.1442
N
1541242 earollr
96.0807g5 9833 1131079 126.0025 137.0829 153.101%‘ 165.1099 17?-‘1182 J J97.1b;17
“““““““““““““““““““““““““““““““““““““““““““““““““““““ R B o e S o B B R e T o a m el 1 0] /4
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The high and low energy spectra for the pronated ion of m/z 194.2374 using MSE .
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Characterization

N |/ e

Woaters

THE SCIENCE OF WHAT'S POSSIBLE."

100- 1821
19.62
1678
3‘0‘-_
1585
19.72
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O > — il
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Pyrogram of biobased plastic bag
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Characterization Woaters
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. 950850 -~ (H) |
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High and low energy spectra for m/z 337.5829 corresponding to erucamide protonated ion using MSE. Mass fragments assigned by MassFragment.
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Applications

Woaters

THE SCIENCE OF WHAT'S POSSIBLE."

= Wet and dry source conditions to understand the r
polarity of the PEEK pyrolyzates

Spectrum@ 28.4 min
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Elucidation of polar end groups and components

1004 217.0663
Low energy

A | | i@ [M+H]* FC
\ VA 1

120 130 140 150 160 170 180 190 200 210 220 230 240 250

l— 5
123.0249 /@AV

|
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

™ miz
20 30 40 50

1009 High energy

100 13,06 1466
1451 1007 219.0481
= 1188 | Low energy . [M+H]* @\
. o]
£
] ae
PR T R T R T R T T\ R T R TR P R N I [l .
0 - 1506 20 a0 40 60 60 70 |80 80 100 110 120 130 140 150 160 170 180 180 200 210 220 ' 230 24D
1 \ | saes 1007 High energy
I %
A \ 1364 7 4
p O 0O
n J . i 51.0233 | 97.0113 125,0058 141,008 -
ime T T T T T T T T T T T T ™ T T T T T T T T T T T T T T T T T T T T T T T T T T T 2
125 s e 137 1080 W7 WG wzs  jash a7 20 30 40 50 60 70 80 80 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240
0
Basic synthesis KoCOs > it
process of PEEK E F Po— n

Solvent




Applications

= Specific pyrolyzates (markers) were extracted with

n

O OH

Styrene Acrylic Acid

(Sty)

(AA)
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= Elucidation of pyrolyzates to understand polymer

multivariate analysis connectivity

Score Plot St Discovered and elucidated markers
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Advantages of the Approach Waters
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= Analytical pyrolysis-GC-MS for the characterization of complex materials
— Ongoing project: Recycled materials

= Soft ionization
— Higher masses
— Presence of the molecular ion assisting with the identification of unknowns

= MSE

— Collection of both the accurate mass of precursor and fragment ions which is key for the structural
elucidation of unknowns within a sample. (all of the data, all of the time)

* In house library search/development in addition to existing commercial libraries for
putative compound ID
(Poster - TP 138 Combined approach for the characterization of plastics using
spectral libraries created from both pyrolysis-GC-MS and pyrolysis-APGC-ToF-MS)
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