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It is important to note that..

*¢*» Different Chemistries

+* Different Properties and Applications

¢ Different Fates and Effects

+» Different Management Practices
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Infra-Red Spectroscopy
Vibrational excitation of covalently bonded atoms and groups.
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Differential Scanning Calorimetry (DSC)

Polyethylene Terephthalate
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Pyrolysis GC-MS Analysis

CDS-2000

Quartz Tube /.

750°C

Platinum Filament 1382°F

CDS-1500
GC-MS Interface

Inject sanm ___

|

Co

Gas Chro

Agilent 5973
GC-MS

———y
......

......

(o)
/0/~ Sample compound
o E
Stationaryphase
i ifl o-charge ratio will
il = POIyStyrene - |1 ratio of voltages.
i Lanalaer Electron
1 Multiplier
I Jl"llﬁ" P M MA .. e o
| ® =
[] ' ) © ‘
II : . 1
| No—— — i
| g i T,:"m" ) ® :
|| I L‘] LIS :._..'
| 1 ‘ l '
Y Lo Ll il J__.JLMMJ..-MJ‘..A_J-J} puetasadl oL 11
L ih ik x = o (Ms)




Example Pyrograms of a Few Commonly Used Plastic Polymers
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Observations:

** Pyrolysis GC-MS Pyrograms of commonly used plastic
polymers are different.

+* Similar to Infra-Red and Raman Spectroscopy, different
GC-MS pyrogram signatures will allow differentiation
between different plastic materials.

*» Peak fingerprinting with Infra-Red, Raman, and Pyrolysis
GC-MS appears to be qualitatively similar.
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Check Out How We can Creation of Pyrolysis
Go Above & Beyond GC-MS Database
Just Peak Comparisons 1
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Systematic and Sequential
|dentification of Marker Peaks

That can be Later used for Polymer

Characterization




Ethylene Polyethylene

Pyrolysis

C-C bonds at different sites along the polymer chain break due
to the intense heat to yield a variety of short-chain molecules.



Total lon Chromatogram (Pyrogram) of High-Density Polyethylene (HDPE)
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Pyrogram of High-Density Polyethylene (HDPE)
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High-Density Polyethylene (HDPE): “Zoom-In” Part of the Pyrogram

These are noﬂus(tjan?orﬁﬂﬂaﬁ cfFomatographic peaks, they are the ion chromatograms.

There is a wealth of molecular structural information embedded underneath each peak.
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High-Density Polyethylene (HDPE)

Vi

Mass Spectrum of
Peak at 5.751 min

=4 S
a 1 o t=)
S (@] a a
T 1 L B e e e e | T
< a a a a =2




Library Search: Find Best Match for Mass Spectrum in the NIST Library
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High-Density Polyethylene (HDPE)
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High-Density Polyethylene (HDPE)

PE pyrogram contains triplets of peaks that are comprised of o
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double-bonded, single bonded, and saturated hydrocarbons. lﬁ?
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doniti stiop now, youyge {}m@;@g

With a Little More Patience and Perseverance
Characterize All Peaks in the Entire Pyrogram



High-Density Polyethylene (HDPE)
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HDPE Pyrogram Fully Characterized!!!
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We have to do this hard work only once to create the library!!!



% What is the polymer?
6 @ What is the Co-Polymer?

Any Chemical additives??

Peak Fingerprint
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Polypropylene
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Hair Comb

2,4-Dimethyl-1-heptene

|4 (A Marker Compound of Polypropylene)
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Amide Linkage
Nylon Syntheses: l
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Adipic Acid Hexamethylene diamine Nylon 66
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Foam Sample
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Polyurethane

n0=C= H—@-CH@N =C=0  +nHO - CH,- CH,- OH

4,4-MDJ ethane-1,2-diol
Methylene diphenyl diisocyanate

O O

I -
*—-G-H—@—CH —@— N-C-04CH,-CH,-0+4
| P :

H o\
. fecsasmssssmssssmnaat _ — n
a polyurethane the urethane linkage




bai Beverage Bottle

it bundancd
1.5e+08 40_,) C
G o =
1.de+08 cd (.5 C_U
) c ©
ot = &
1.3+ @© < A E
o o o c
1.2e+08 - - c o ©
()] () ) _ =
o = o o ©
1 Te+i] — e~ ~— = £
> 2 > > ©
Te+05 = = S S o
> @) S
S 2| 8 S 9
Je+07 4 -9 D E E\ -lq—')
s ¥yl |§s
Be+07 ] g @© ? Eig\
E Q S < &
Te+l7 4 G) 8 3\ O .2
% c = %"_3
Be+l17 ] E g ?/ ~ P
1 c O
Be+07 &) q) q- q) I
g2 g g
q) ‘ \_/H \
42407 ‘N N - —
(e
- m m
= " 4 £ Polyethylene terephthalate
2e+07 4
M ‘ (PET)
Tesii7 ]
L. J,mu{hu}uh 4 MU by




Polyethylene terephthalate (PET)
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Polyvinyl chloride (PVC)
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Pyrolysis of PVC

Pyrolysis = High Energy Environment

Plenty of Energy Available for the
Breaking and Making of New Bonds
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Collaborative Studies

Yl

It literally takes a village..




Polymer IDs in Textiles Dr. Steve Carr

SANITATION DISTRICTS OF LOS ANGELES COUNTY|

Converting Waste Into Resources
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Plastics from New Jersey
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Weathered Plastic bottle
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Weathered Ball Point Pen Barrel
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Microplastics from the Raritan and Passaic Rivers in New Jersey

NJPEDS Permitted Raritan Dischargers Within 5 Miles of Water Sample Locations ’X
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Rutgers Sample RR3 8/25
Off-White Nurdle

Nurdle = Pre-Production Plastic Pellet Po|yethy|ene

Evenly spaced triplets containing dienes,
monoenes, and saturated alkanes
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Rutgers Sample RR3 8/25
Semi-Transparent Nurdle

seetr) Nurdle = Pre-Production Plastic Pellet Polypropylene

2,4-Dimethyl-1-heptene
(A marker compound of polypropylene)
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‘ Rutgers Sample RR3 8/25

A Small, Round Off-White Foam
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Plastics from the Remote Alaska Beaches
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Alaska Beach - Black Foam
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Alaska Beach - Blue Tape
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Alaska Beach - Orange Foam
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Alaska Beach - BIC Lighter

420, Formaldehyde
20807 (POM Marker Compound)
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Plastics from the Hawaiian Beaches Kayla Brignac
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Hawaii- Midway 30
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Hawaii-Lanai
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Hawaii- Ka’ehu #1 31
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Hawaii-Kiehei #1 15
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Hawaii-Waikiki #3 2
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Kihei #1 27

“IT DOESN'T LOOK LIKE A GOOSE BUMP TO ME.

1T MORE LIKE A CONCUSSION 1o

Dark Red Foam
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Kihei #1 27
Dark Red Foam
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Kihei #1 27
Dark Red Foam
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**Hydrogen Sulfide

**Isoprene — Isoprene Rubber

**Butene
¢ Charles W. Goodyear

¢ Thiophene & Other Sulfur Compounds

¢ Styrene & Other Aromatic Compounds

¢ Styrene-Butadiene Rubber

*¢* Benzothiazole + possibly BHT?

** Presence of Vulcanized Rubber =z 12

**Vulcanized rubber

** Possibly: Styrene-Butadiene Rubber with Natural Rubber



Simultaneous Analysis of Sulfur Compounds in Rubber Using Detector Splitting System

Pyrolysis GC-MS and Flame Photometric Detector in Sulfur Mode
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Microplastics in California Streams Win Cowger
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Particles in San Francisco Bay
——

Dr. Chelsea M. Rochman

.

Did the particles arise
from the tire treads?

y

Department of Ecology &
Evolutionary Biology
University of Toronto, Canada




The main polymers used for tires are as follows:

+** Natural Rubber (NR)

¢ Styrene-Butadiene Rubber (SBR)
+*»* Butadiene Rubber (BR)

¢ Isoprene Rubber (IR)

¢ Halogenated Butyl Rubber

All of the above are Synthetic Rubbers except
for the Natural Rubber.

Main Use for Tire:

¢ Natural Rubber (NR) :-:General Use, TB Tread

¢ Styrene-Butadiene Rubber (SBR) ::-PC Tread

¢ Butadiene Rubber (BR) -:-Sidewall

¢ Isoprene Rubber (IR) ---Partially Used to Replace NR
*¢* Halogenated Butyl Rubber :-:Inner Liner



U Toronto Sample 5
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Tire Tread Pieces Cut from a Used "Touring" Tire
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4. Limit of Detection & Limit of
Quantitation

* Limit of Detection

* Itis the lowest amount of analyte In 2 sample which can be
detected but not necessandy quanttatec

*  Limit of Quantitation:

* iy the ‘'owest amount of analyte in 3 sample which can be
quantzatively determinec with satable precs
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You Gan Do It?




Microplastics from the Raritan and Passaic Rivers in New Jersey

-~

Drs. Keith Cooper & Beth Ravit

NJPEDS Permitted Raritan Dischargers Within 5 Miles of Water Sample Locations
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[ﬁﬂuﬁh“ Rutgers Sample RR6 6/29

Very tiny pink fragments
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Rutgers Sample RR4 5/17/17
small green fragment
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\ Rutgers Sample RR8 5/29/17
very tiny pink fragment
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W Rutgers Sample RR8 5/23/17

dark blue fragment
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Detection Limit

22

Fractionof a Millimeter



Benefits of Using Pyrolysis GC-MS:

** Mass Spectrometry is a gold-standard for the analytical chemistry data quality, and
it provides the most accurate identification of chemical composition and structure.

** Many laboratories already have and routinely use the various GC-MS systems.

** No need to learn a new trade or find funds for the new instrument purchases.

s* Addition of Pyrolysis component to the GC-MS is simple and cost-efficient.

** Inserting a sample in the quartz tube is as easy as threading a needle.

** Pyrolysis GC-MS provides a two-tier confirmation approach: (1) unique peak
fingerprint of a given polymer, and (2) mass spectrum of each individual peak.

s Two-tier confirmation approach provides higher confidence in the data quality.

** No sample preparation is required except for cutting a tiny piece for the analysis.

** No effect of shape/size/density/texture/surface/color/brightness/opacity.

** Information on chemical additives can be obtained in the same sample run.

*»* Additional Distinct Benefit - MS Library is really really huge. NIST Library contains a
mass spectral database on 267,376 unique compounds. Therefore, the
identification of co-polymers, additives, and other chemicals is easily possible.
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Why should
we care

Katama Bay Oyster
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Mass Spectrometry

Not enough sample weight
for pyrolysis GC-MS analysis?




Suggestions on how to improve the detection limits:

/

** Increase the mass spectrometer autotune voltage.
»  Experiment with the GC injector port split ratios.

» |f accessible, switch the analyses from a single
guadrupole to triple quadrupole mass spectrometer.

» For target polymer analyses and target additive analyses,
switch from full-scan mass spectrometry to select ion
monitoring mass spectrometry.

» If nothing works, then switch to FT-IR or Raman
Spectroscopy as the potential exploratory tools.
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Raman spectra showing the detection of polyethylene (PE). A) from the rock oyster
(Saccostrea forskalii) collected from Bangsaen, B) from the reference library spectra.

A Great Potentiall!l




Unlimited Money

Figure 1. Instrumental setup: Multi-Shot Pyrolyzer (Frontier EGA/PY-3030D) with Auto-Shot Sampler (AS-1020E) coupled to an
Exactive GC Orbitrap mass spectrometer




Unlimited Money = 0.05 pg Detection Limit
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Figure 2-2. Chromatography and linearity of methyl methacrylate {top) and styrene (bottom) in a 0.05 pg standard. C shows integrated
peak area of the quantification ion with corresponding scans/peak, and D shows an overlay of the quantification ion and the confirmation ion. Data
were acquirad in full-scan at 60,000 resolution [FWHM at m/z 200). Paak retention time (RT) as wel as peak area counts (AA) are annciated. Peak
smoothing (5= moving average was appled).
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