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x Different Chemistries

x Different Properties and Applications

x Different Fates and Effects

x Different Management Practices
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Vibrationalexcitation of covalently bonded atoms and groups.
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Differential Scanning Calorimetry (DSC)
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Example Pyrogram:ﬂc a Few Commonl;dsed Plastic Polymers
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Observations:

X PyrolysissGMS Pyrograms of commonly uspléstic
polymers ardifferent.

x Similar to InfraRed and Raman Spectroscopy, different
GCMS pyrogram signaturesill allow differentiation
between different plastic materials.

x Peakfingerprinting with InfraRed, Raman, and Pyrolysis
GCMS appears to bgualitatively similar
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Check Out How We can Creation of Pyrolysis
Go Above & Beyond GCMSDatabase
Just Peak Comparisons 1
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Systematic and Sequential

|dentification of Marker Peaks
That can bd.aterused for Polymer

Characterization




H L
\ / Polymerization
C=cC > 4

I-0—T
I-0—T
T-0O—T
I-0—T
IT-0—T
I-0—T
IT-0-—T
IT-0—T
N\

Ethylene Polyethylene

Pyrolysis

CGC bonds at different sites along the polymer chain break due
to the intenseheat to yield a variety of shoithain molecules.



Total lon Chromatogram (Pyrogram) of Higénsity Polyethylene (HDPE)
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Pyrogram of Higibensity Polyethylene (HDPE)
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High-Density Polyethylene (HDPE)
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Library Search: Find Best Match for Mass Spectrum in the NIST Library
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High-Density Polyethylene (HDPE)

A B U e Shiivtie't ﬁenﬁ‘y other peaks in this section of the pyrogram..

T ICcC: 2 01 70117 O6.D
+— O 7 ]

1,8-Nonadiene
+— O 7
—+— O 7
—+— O 7
—+— O 7
O O O

LL_L e N U AN S U e e~ J NAA

5 5 6 6 6 6 6 ¥ ¥ v r r 8 8 8 38 .6 0

| Im e —— =




High-Density Polyethylene (HDPE)

Nonane

PEpyrogram contains triplets of peaks that are comprised of 2

double-bonded, single bonded, and saturated hydrocarbons.
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With a Little More Patience and Perseverance
Characterizéll Peaks in the EntirByrogram



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?
S @ What is the CePolymer?

Any Chemical additives?~

Peak Fingerprint
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Polypropylene
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Polystyrene
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Hair Comb
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Amide Linkage
Nylon Syntheses: l

O
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Foam Sample

a n C e

1 C : 2 o a1 (S u B 2 a1 (S (@] 5

2,4-Diisocyanatel-methylbenzene
(APolyurethaneMonomer) \




Polyurethane
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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

-
v

heat energy in hond-breaking
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Cyclization of PVC: a) removal of HCI, b) rearrangement and cyclization,
¢) elimination of side chains.
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Collaborative Studies

Yl

It literally takesa village..




Polymer ID$n Textiles Dr. SteveCarr

SANITATION DISTRICTS OF LOS ANGELES COUNTY|

Converting Waste Into Resources
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Polyethylene
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Plastics from New Jersey
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Weathered Plastic bottle

=0: Evenly spaced triplets containing dienes,

monoenes, and saturated alkanes
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The Fist & Fury of
Mother Nature

Polyethylene

Found on the beach by Clean Ocean Action




WeatheredBall Point PeBarrel

2,4-Dimethyll-heptene

(A Marker of Polypropylene)

!

Ll

I

I

J

Fd

b

Polypropylene

Found on the beach by Clean Ocean Action




Microplastics from the Raritan and Passaic Rivers in New Jersey

Dr. Keith Coope& Dr. BethRavit I
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NJPEDS Permitted Passaic Dischargers Within 5 Miles of Water Sample Locq
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Rutgers Sample RR3 8/25
Off-White Nurdle

Nurdle= PreProduction Plastic Pellet Po|yethy|ene

Evenly spaced triplets containing diengs,
monoenes, and saturated alkanes
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Rutgers Sample RR3 8/25
SemiTransparentNurdle

Nurdle= PreProduction Plastic Pellet p0|ypropy|ene

2,4-Dimethyll-heptene
(Amarker compound opolypropylene)
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‘ Rutgers Sample RR3 8/25
A SmallRound OffWhite Foam
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Plastics from the Remote Alaska Beaches
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Alaska BeachBlack Foam
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Alaska BeachBlue Tape
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Alaska BeachOrange Foam
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Alaska BeachBIC Lighter
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Plastics from the Hawailan Beaches Kayla Brignac
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HawaitLanali
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Hawaii Y | Q 81/ 8Hz
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HawaitWalikiki #32
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Kihei#l 27

Dark Red Foam

“IT DOESN'T LOOK LIKE A GOOSE BUMP TO ME.
1T MORE LIKE A CONCUSSION 1o
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Kihei#l 27
Dark Red Foam
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Kihei#l 27
Dark Red Foam
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~ x Vulcanized rubber

x Hydrogen Sulfide

X |soprenecg Isoprene Rubber

x Butene

Charles W. Goodyear

X Thiophene& Other Sulfur Compounds

x Styrene & Other Aromatic Compounds

x StyreneButadiene Rubber

X Benzothiazole possibI3BHT? Inventor of Vulcanized Rubber
' <
x Presencef VulcanizedRubber {Ps,\l/\\éj

x Possibly: StyrenButadiene Rubber with Natural Rubber



Simultaneous Analysis of Sulfur Compounds in Rubber Using Detector Splitting Syste

Pyrolysis GMS and Flame Photometric Detector in Sulfur Mode
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A bundance]

Je+07 4

2.8e+07+

2.Be+07-

2. 4e+07 4

2 2e+07 4

2e+07

1.8e+07 4

1.6e+07 4

1.4e+07 -

1.2e+07

Te+07

80000004

G000000+

4000000+

2000000+

LABORATORY APPARATUS. FURNY
SCIENTIFIC TNSTRUMENTS & O

Time--»

L

|

13.00

Polyethylene

Evenly spaced triplets
containing dienes,
monoenes, and
saturated alkanes

AL

14.00 15.00 16.00 17.00




Sample 122
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Particlean SanFrancisco Bay

Dr. Chelsed. Rochman
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Did the particles arisg
from the tiretreads?
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The main polymers used for tires arefakows:

x NaturalRubber (NR)
x StyreneButadieneRubber (SBR)

x ButadieneRubber (BR)

X |sopreneRubber (IR)

x HalogenatedButylRubber

All of the above ar&yntheticRubbersexcept
for the Natural Rubber.

Main Use forTire:

x NaturalRubber (NR) ---General Use, TB Tread

x StyreneButadieneRubber (SBR) ---PC Tread

x ButadieneRubber (BR) ---Sidewall

X Isoprene Rubbe{lR) ---Partially Used to Replace N
x HalogenatedButyl Rubber ---Inner Liner



U Toronto Samplé
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