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Py-GC/MS A& A=

[@) FRONTIER LAB

Sample cups (Eco-cup)

4mm /
4 mm :
=
E %)
n

50pL 80pL

[@) FRONTIER LAB

Micro Sample Collector Sampling needle Double head spatula
Collects small amount of Collect samples of viscous liquids Gather powdered sample.
powder or liquid sample. using the tip of the needle.

-

FRONTIER LAB

[@ FRONTER LAB f&] FRONTIER LAB

Cutter knife
Scrape off sample surface.

Scissors Micro-puncher

Cut a sheet or film-like sample  Punch out film like sample into
into smaller sizes. small discs.

Precision Scissors

Cut quartz wools protruding
from sample cup (Eco-cup).

[@®) FRONTIER LAB [@ FRONTIER LAB

[[®) FRONTIER LAB f@) FRONTIER LAB
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[@) FRONTIER LAB 0 u]F B4 Z]-& (Microbalance)
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Y . Py-GC/MS A2 AA

Sample Preparation Weighing Sample Placed the Sample on to Pyrolyzer

) .- 0.1~
0 g SURL - 0.3mg

Solid samples Solid samples Sampling
Using a cutter knife Using a cryogenic mill Placed in a sample cup

s
“a., <

| 15

Film samples Liquid sample Weighing Samples
Using Micro-puncher Using a micro syringe Using a micro balance = - —

Inject directly
Without solvent extraction
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Py—-GC/MS &4 A &d
EGA-MS vs. TD/PY-GC/MS

He
-‘.'l g4 VF Adapter
=) Deactivate EGA tube /[

GCOven:300°C

EGA-MS

Thermogram
100 to 700°C (at 20°C/min)

100 200 300 400

Temperature °C

500 600

* EGA-MS: Al=9] ARHA Q] d2 SAHE gels 9t

* TD-GC/MS ¥ Py—-GC/MS: EGA Thermogram ZHE H
* Vent—free GC/MS Adapter(VFA): MS venting §lo] 58 o] 4l

i

-IF>

[@) FRONTIER LAB

He

KA Cryo-Trap
- VF Adapter

il

N TD followed by PY
oll/ Separation column

on a single sample
is called a Double-Shot.

I 4

GC Oven: Program temperature MS

TD-GC/MS & PY-GC/MS

7 ) S 2 bl .‘| |

eI, .... .

10 20 30 40 min Time

TD Chromatogram
100 to 300°C (at 20°C/min)

Pyrogram (Py—GC/MS)
600°C

GA metal tube(2.5m x 0.15mm 1.d.)E ©]-&3l GC inletZ} MSAtolof 4.

ARGt s A 24 2.

3t EGA tube ¥ B4 Ad w3l 7t
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Vent—free GC/MS Adapter(VFA)

Vent—free GC/MS adapter(VFA)= GC/MS 49 & 7153t 783t 9l

B4 297 MS 4

E7] Atelof] @dsto] MS AE&717} 255t
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HE| S mho] 2ol A 24 7Y

> EGA/PY-3030D

L GC/MS: Agilent/ Thermo/ Perkin

COPYRIGHT®© 2023 ALL RIGHTS RESERV
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EGA

1D

Sample

HC
RxPy

* EGA: Evolved Gas Analysis
» TD: Thermal Desorption

* PY: Pyrolysis

* HC: Heart-Cutting

* RxPy: Reactive Pyrolysis
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—. DR R EYAE AT
Multi—Shot Pyrolyzer Method Map

1D
A&7t 7H A=
TD £+ PY 2 =73t 0jof
... )
- At EAN
Sample EGA PY RxPy
AHF B4 O olH=] H A
TEA B R 8)a} 7 BA 2ol 24 FHS GRS B4
HC
I I I I I I
100 — j0°c/min  600°C

HESF 24
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. 384 294 E45E I
Multi—Shot Pyrolyzer Method Map Q,
Reactive Pyrolysis (Rx Py)

RxPy Synonym:

Thermally Assisted Hydrolysis and Methylation (THM)

[l
R3'O‘C'O'R4

TMAH

On-line Micro Reaction Sampler

Before After p—
q
R,-C-O-CH, *
R3'O'C H3 -

Sealed glass capsule

Reaction chamber

11
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Multi—Shot Pyrolyzer Method Map

EGA

S 72 2

100C

1D

20°C/min

™
=

o]z HyA 2 229 dF

HC

A,
s
gl
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—. DR R EYAE AT
Multi—Shot Pyrolyzer Method Map

PY RxPy
ol =4 Hhg GEdl 24
Thermolysis Sample + Reagent

v v

Typically Typically
500 - 800C 250 - 400C

52 B4 (Isothermal)
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— 1EA 5P 545 A9
Multi—Shot Pyrolyzer Method Map

* Perfect for volatiles including

TD additives
* Best results with MJT
* TD shows most compounds intact

e,
ut
.k

g

o
rE

o3 Optional

* Qutstanding method for minor

EGA PY component differences RxPy

* Deformulation
* Use with MJT and SS

SEERCIMEDS o HE G B
* Screening unknowns * Very easy effective technique for esters
* Learning what's in there * Fundamental technique for + Simplifies chromatograms
* Identify thermal zones of interest HC polymer identification * Precise and accurate quantitation
* PY & TD temperatures * F-Search very helpful * Excellent for additives
* Condensation polymer analysis
EEPER
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EGA/PY-3030D '# ] AF u}o]&e}o] A

Py-GC/MS A-&3t A A" 14

Typical systems

Multi-Shot Sampler (EGA/PY-3030D)
Auto—Shot Sampler (AS-2020E)
MicroJet Cryo—Trap (MJT-2035E)
Ultra ALLOY metal capillary column
Vent—free GC/MS Adapter

F-Search system Ver. 3.7

More optional systems

Selective Sampler (SS-2010E)

Carrier Gas Selector (CGS-1050Ex)
Online Micro Reaction Sampler

Online Micro UV Irradiator (UV-1047Xe)
F-Search MPs Ver. 2.1

Cryogenic Mill (IQ MILL-2070)

F-Search MPs

i FROMTIER LAB

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN
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i 2z 9@ A2 o]% A=

HE|SE o] EtolA A= F¢ FH
* Manual injection by Double—Shot Sampler
* Automated injection by Auto—Shot Sampler

Hyjo]A 2% A7 (40 - 1,0507)

* Isothermal

* Temperature programmed

Multiple analytical functions

* Evolved Gas Analysis (EGA)

* Thermal Desorption (TD)

* Flash pyrolysis (PY or Single—Shot)

* Heart—Cutting/EGA-GC/MS (Multi—Shot)

Reactive Pyrolysis(RxPy) Method uses
* Isothermal TD + Reagent (i.e. TMAH)

Double-Shot
Sampler —>

Helium —>

Ambient
Temp. (+10°C) ||——>

Micro-
Furnace
40-1050°G

GCITF*
Heater

Quartz
Pyrolysis

(up to 400°C)
GC Septum

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN

tube

Temp.
Sensor

Deactivated
ITF*Needle

GC S/SL
Injection
Port

2}
%
_

[@) FRONTIER LAB

16



[@) FRONTIER LAB

P, molzatolq AEAR=A A|AH
QEAF ME3 AS-2020F,

Carrousel of
Auto—Shot top cover

Auto-Shot Sampler
AS-2020E

oWt

Auto—Shot Sampler

< A 4870 A2 AE A Y

o B AQdA A - RSD (3% (e.g. PS pyrogram) S
: = ~ EEEE
*  Carrier gas 7Fgoll 93t Al83d 245 Y ¥ 24 ==l
= EFEFRE
. RE R4 WA A58} A% s N
I f
. . E T
v" Double-Shot, Heart—Cut, MicroJet Cryo—Trap, Selective Sampler, etc. 5 : : : .I::,
EE el
e ol
EERE ;"u'
EEEE I"ﬂl
EEREE 1'||I""-
EEEGg J'I‘ /
& FRONTIER LAB EEE el
_— =
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F—Search

EGA-MS Library . Y MS Library

.. K
,,,,,
.. o
......

. o
......

. .
------

. .

p
F-Search

Polymer ey Additive
TR
B H R
B

Lita8gug8as/
{O) FRONTIER LAB .L.,:--\.-::g
............. \ ’-._‘.‘..‘.‘..
Py-GC/MS Library 4" I I Il Pyrolyzates MS Library
Polymer F-Search Engine (ver. 3.7) Polymer

1,315 polymers and 590 additives

COPYRIGHT®© 2023 ALL RIGHTS RESERVED BY YOUNG IN
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s TB3 Fo|BHHE A|AH

F—Search

-

EGA-MS Library Additive-MS Library

» Thermograms in library * Individual peak spectra
* Integrated sum spectra * Impurities

Pyrolyzate-MS o] & 2] & o]-&3%t
Impurities and pyrolyzates

Polymer search <] ¢ >
Unknown Mass Spectrum of P(FL)0241.D (13998 min) 3 ®
1 100 I ® 4 \

50 T 05 86 .
1 5 =2 129 142 .
" pR S . { ! t||, ol W { 25 215 2 246 261 100 —> temperature 800°C ]I
iy o 50 100 150 200 Structural ... — [m] X — tlme
Reference of 2-Phenethyl-4-phenylpent-4-enenitrile (hybrid trimer) [C=C{Ph)-C-C BC
% 100 E] - —
_ T " i o -
50 N 105 _ 156 . N .
iy o 2l s v v O
ol T ’ A 2o | Jl L

=5 B I w | J L o Py-GC/MS Library Pyrolyzates-MS Library

(¥ MS Spectrum (* Displayed Results - . . e
Print_.. L] °
i S | ] smmi " Copy Pyrograms in library Individual peak spectra
. °
e ———— j Integrated sum spectra Structures of polymers
| | Assignment | Polymer / Addiive | ousipel| mtiax|  miTime|  mw] A
| 1 2-Phensthyl-4-pheny... Acrylonitrile-butadiene-styrene copol... 99.7 2200 14.00 261
2 2-Phenethyl-4-pheny,.. Acrylonitrile-EPDM-styrene copolyme... 99.7 2197 13.99 261 < >
3 2-Phenethyl-4-pheny... Acrylonitrie-acrylate-styrene copoly. 2995 2199 14.00 261
4 2-Phenethyl-4-pheny... Acrylonitrile-styrene alternating copol.. 55 4 2195 14.00 261
5 2-Phenethyl-4-pheny. Acrylonitrile styrene copolymer ; AS 9.4 2200 14.01 261
v v
Pyrolyzate =~ F-E3|E 53l 2-Phenethyl-4-phenylpent-

candidates  4—enenitrile& 4 5t= Polymer candidates —» time — time

COPYRIGHT®© 2023 ALL RIGHTS RESERVED BY YOUNG IN
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Application Notes 01.

Can outgassing be determined during cutting of polyimide?

. First stage heatin i
AnaIYSIS g 9 Second stage heating

0 o HN NHz 150°C (30min) 120 10 450°C (3°C/min)
£ @502_ —— Polyamic acids » Polyimide
EGA-MS Analysis o o \

lisphenyl tetracarboxylic acid di-anhydride Sulfolnyl bisbenzamine

(BPDA) (3,3-DDS) Gases
Result Fig. 1 Curing Process of Polyimide
_ * ; Region A. Region B.
BPDA+3’ 3 DDS pdeUCCS DMAA ’ Coz’ Hzo n 100 <+— \Weight loss in first stage —4—— Weight loss in second stage —
15t stage. 3 ey
1 : d First stage m/z=
CO2, SO2 and aniline in 2"¢ stage. o] | g > e :az:N_ii_CHa
£ w T 1 § * DMAC
4 & Second stage £ m/z=87
= —
350°C 16% = m/z=64
g W 6 (DMAc) (S02)
0O = 3 / m/z=93
o 5 ( Aniline )
HaC I, _CH, .
N 50 T T T T T T T T T p— s T
—_— ]
CHS z 1001502019§fﬁp32?a3$2050‘aﬂ oy 120150 200 300 400 450 — > 450
Temperature (°C)
Fig. 2 TGA Curve for Polyimide Curing Process Fig. 3 EGA Curves of Polyimide Curing Process

by Selected lon Monitoring

https://www.frontier-lab.com/assets/file/technical-note/PYA3-002E.pdf

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN
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Application Notes 02.

Ceramic composite material(injection molding) characterize?

Analysis

EGA-MS Analysis

A Phthalate

B: Saturated hydrocarbon

C: PEMA

D: Polystyrene

Using Wiley and F—Search MS Libraries

https://www.frontier-lab.com/assets/file/technical-note/PYA1-010E.pdf

[@) FRONTIER LAB

Fig. 1a Library Search Result for Peak C

Name Qual
1. Poly(n-butyl methacrylate) (PBEMA) L2
2. Poly(2-hydroxyethyl methacrylate) : v 4
3. Higher methacrylate copolymer x 2

Fig. 1b Library Search Result for Peak D

Name Qual
1. Polystyrene (PS ) - 90
2. Styrene-ethylene-butadiene-styrene-block copolymer 178
3. Madified poly(phenylene oxide) T
19 7 39,4150 B
43 a7

T T : : T
100 200 100 200 100 200 100 200 miz

BG of peak A

100 200 300 400 500°C

Fig. 1 EGA Curve of Ceramic Composite Material (Injection molding)
Pyrolysis furnace temp : 100°C~500°C (20C/min), Carrier gas : He 50kPa, Split ratio : ca. 1/50
EGA capillary tube : 0.15mm id, length 2.5m (UADTM-2.5N), GC oven temp : 300°C
Injection port temp : 320°C, Amount of sample : ca. 0.5mg, Detector : MS (m/z=29-400, 0.1 scan/sec)
PY-GC interface temp : 320°C (AUTO mode)

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN
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Application Notes 03.

Can an antioxidant in PE be separated from polymer
backbone and quantitated?

Analysis

EGA, then TD(100 to 300C),
EIC of 205 and 220 m/z for BHT
TD with column next

EGA shows where BHT evolves and what TD temp
is 100 to 200 C.

TD chromatogram separates BHT, ESTD allows
quant. (This is 510 ppm BHT by FID, %RSD {3%)

https://www.frontier-lab.com/assets/file/technical-note/PYA1-055E.pdf

OH 205
BHT
57 220
IMM 1 A O N
0 100 200 m/z

Fig. 1 Chemical structure of BHT
and its mass spectrum

COPYRIGHT®© 2023 ALL RIGHTS RESERVED BY YOUNG IN
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Zone A Pyrolysis of PE
[(100~200°C)
I 1
. ! TIC
I I
I |
I |
I I
I I
/\ " miz: 205
I {
] |
/\_. m/z: 220
00 200 300 400 500 600°C

Fig. 2 Thermograms of a PE Sample

Furnace temp. : 100-800°C, (20°C/min}, split ratio : 1/50
Sample size : about 0.5mg, detector : MS

BHT

AN
0 | T e

6 8 10 12 14 min

Fig. 3 Chromatogram of thermally desorbed
components from a PE sample

Fumace temp.; 100-200°C (20°C/min, 3min hold), flow rate : 1 mL/min,

split ratio : 1/50, GC oven temp.: 40-320°C (20°C/min), sample size : about 3mg,

detector : FID, separation column : Ultra ALLOY-5
(5%-diphenyl 95%-dimethyl polysiloxane, L=30m, id=0.25mm, df=0.25um)

22
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Application Notes 04.

How can additives be identified in PS?

Analysis

TD-GC/MS (100 - 300C)

10

https://www.frontier-lab.com/assets/file/technical-note/PYA1-066E.pdf

additives identified using F—Search.
Dibromophenol
BHT
Tinuvin P, and 770
Triphenyl phosphine
Sumilizer MDP-§
Irgafos 168
Irganox 1076
ADK STAB PEP-36
Decabromo phenylether

TD-GC/MS: total ion chromatogram

[@) FRONTIER LAB

Additives
100-300°C PS
x10
T T T T
200 300 400 500°C

Fig.1 EGA Thermogram of PS

Py furnace temp.: 100 - 700°C (20°C/min),
GC oven temp.: 300°C,
EGA tube: UADTM-2.5N(L=2.5 m, i.d. 0.15 mm),

Styrene

¥ E? column flow rate: 1 mL/min He, split ratio: 1/50,
28 @ sample: 0.1 mg
@ P E
@ o 9 £
5 E o587
2 S cSF @
o @ - P
§ & 82z §
= > gen 0 =
0 %] —F= | - R
S s 2 3
e & . F s
— = o H;‘J
]
s

7) Irgafos 168
8) Irganox 1076

9) Adecastab PEP-36

( 10) Brominated compound

10 15 20 25 30 min
Fig. 2 Library search results

Pyralyzer temp.: 100 - 300°C (20°C/min, 5 min), GC oven temp.: 40°C (2 min) - 320°C (20°C/min), separation
column: Ultra ALLOY"*-5 (5% diphenyl 95% dimethylpolysiloxane) (L=30 m, i.d.=0.25 mm, df=0.05 pm), column
flow rate: 1 mL/min He, split ratio: 1/20, scan rate: 2 scans/sec, scan range: 29 - 810 (m/z), sample: 1 mg

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN

Reference: K. Odagiri et al., 13" Polymer Analysis and Characterization (2008), lI-11
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Application Notes 05.

Study end group subtle differences in PMMA?

Analysis

PMMA radically polymerized in 0.3% benzoyl peroxide
(BPO). PY temp.: 460°C

Clues to polymerization mechanisms in toluene,
benzene, and no initiators are revealed in pyrograms.
(a) Shows many phenyl rings not found in (b) or (c)
suggesting solvent fragments incorporated into chain
ends.

https://www.frontier-lab.com/assets/file/technical-note/PYA1-038E.pdf

[@) FRONTIER LAB

MMA
monomer

“
!
|

COOCH3

(;Ha

@— 1=CH
Orcuzr
1

COOCH»

w/Toluene (a)

w/Benzen (b)

I I
'll’\u@l»ﬂ/ 'I[LJJL%JLL iMLML_MLML

|

w/o (c) | 2 :
S : :

B -

| ALl - J
il 1MLL_‘LLL1 I

Figure 1. Pyrograms of PMMA samples at 460°C; (a) polymerized in
toluene, (b) polymerized in benzene, and (c) polymerized without any
initiator.

24
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Application Notes 06.

What information can be obtained from compounded
rubber?

Analysis

TD followed by PY is “Double—Shot” analysis

TD range: 100 to 300C

D3 to D6 from silicon coupling agent;
benzeothiazoles(vulcanization agent), antioxidant
waxes, etc.

PY: 500°C (flash pyrolysis)

[soprene and limonene indicate high amounts natural

rubber

https://www.frontier-lab.com/assets/file/technical-note/PYA1-015E.pdf

[@) FRONTIER LAB

Polymer main chain
e

Volatile components

| 1 ) 1 I
100 200 300 400 500 600 700 °C

Fig. 1 Evolved Gas Curve of a Compounded Rubber

Pyrolysis temp.: 100~700 °C (20 °C/min), Carrier gas : He 50 kPa, Split ratio : ca. 1/20
EGA capillary tube : 0.15 mm id, 2.5 m (UADTM-2.5N), GC oven temp.: 300 °C
Injection temp.: 320 °C, Sample : ca. 500 pg, Detector : MS (m/z=28-400)

2-mercapto thiobenzothiazole

MNocrac 6C
——n-CagHgp
C,e acid DOP
2-methyl thiobenzothiazole o —CaHey
X10 Dy i Ds p
Yo [ AT T e O L
g.2b. Pyrogram (550 °C
) dimer (limonene)
butadiene / fenpi=ng i
trimer tetramer
I | | 1 /
3 4 6 8 10 12 14 16 18 20min

Fig. 2 GC/MS Analysis of Compounded Rubber by Double-Shot Technique
Column flow rate : 1 mLU/min (fixed flow rate), Split ratio : 1/20
Separation column : Ultra ALLOY*5 (5 % diphenyl polysiloxane), 30 m, 0.25 mm id, Film thickness : 0.25 pm
GC oven temp.: 40~300 °C (20 °C/min), Sample : 500 pg, Detector : MS (m/z=29-400, 2 scan/sec)

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN
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Application Notes 07.

How can compositional analysis of thermoplastic
polyurethanes(TPU)?

Analysis

PY (Single—Shot)

PY: 600C

Sample A: Adipate polyol, cyclopentanone, etc.
Sample B: & —Caprolactone

Sample C: Pyrolyzates derived from PTMG

https://www.frontier-lab.com/assets/file/technical-note/PYA1-118E.pdf

[@) FRONTIER LAB

o]
Sample A “
—L /\/\/UH OQ‘:C - | céo
HO =N N”
TIC Mm/ i ? o R
] T )’K/\/\n/ o e g, W
x 10’ Cyclopentanone 1480 H g ! e H
1
/ Ethylene glycol adipate, diethylene glycol ester
0 L [ LL A [ l A
1 F ety i
[} Fi b |
Sample B 5 o« ) |
' 0 |
x 107 e-Caprolactone :

1
0 I i L
Sample C ; e Pyrolyzates derived from PTMG
x 107 f E : ; E; i O~ g
O : Es i~ OO~
H E R Wy Ve Pl 0
1 | 4
TH{ ' E, 'TS | E, O Lm0
|
elo © 0 o o
o e [P SR O S S P S
0 5 10 15 20 25 30

Retention time/min
Fig.1 Pyrograms of three types of TPU samples
Pyrolyzer furnace temp.: 600 °C, GC oven temp.: 40 °C (2 min hold) — 320 °C (20 °C/min, 14 min hold), Split ratio: 1/50, Column flow rate: 1 mL/min

Separation column: UA*-5 (5 % diphenyl 895 % dimethylpolysiloxane, L=30 m, i.d.=0.25 mm, df=0.25 pym,
MS scan range: m/z 29 — 600, Sample amount: 0.05 mg

COPYRIGHT® 2023 ALL RIGHTS RESERVED BY YOUNG IN
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Application Notes 08.

Can monomers of polybutylene terephthalate(PBT)
be observed?

Analysis

PY and RxPy (with TMAH)

PY: 500C
It shows decomposition and decarboxylation of ester
group but no monomer.

RxPy with TMAH: 400C

It shows monomer of dimethyl derivatives of
terephthalic acid and mono and dimethyl derivatives
of 1,4-butanediol.

https://www.frontier-lab.com/assets/file/technical-note/PYA2-005E.pdf
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600000 3 Dibutenyl terephthalate
3 1,3-Butadiene HESHCHEHCOE, COCHH e,
500000 i B ; _@_
utenyl benzoate 5 -
1 Pyrolysis temp. 500° C
400000 4 {_preeseuwnen Butenyl terephthalate

Benzoic acid

300000 : @_c:_r—. \ EHCHOHE O —@—L’G.ﬂ

\

200000
1000004 |, l 1 l |
-_I ’i‘u_-”u._..lu_\._ L.._,J.._u.. V4 T T J«k.u}-‘&_ﬂ._."\--‘-");} L A [N .‘_J\LHJ_)_L Asda Al Mmool s
9 400 8.00 12.00 16.00 20.00 24.00 28.00
Fig. 1 Pyrogram Obtained by Flash Pyrolysis of PBT
600000 + 1-Butyleneglycolmonomethyl ether Dimethyl terephthalate
1 e [T i W S WEl,e —f  P—COCH
500000 - ' o e Reactive pyrolysis temp. 400° C
— E 1 4-Dimethoxybulane Sample size: 0.1mg
] L HBG = DT H, | Reagent: 2L of 25% methan! solution of TMAH
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Fig. 2 Pyrogram Obtained by Reactive Pyrolysis of PBT

Analytical conditions: camier gas: He, Injection port pressure: 103kPa, Split ratio: 1/60, Separation column: Ultra ALLOY*-5 (5% diphenyldimethylpolysiloxane)
Length: 30m, Id: 0.25mm, Film thickness: 0.25pum, GC oven temp: 38°C~300°C (20°C /min), GC injection port tem: 320°C

Materal excerpted from *5. A few recent applications of Py-GC", Kiura, Wakabayashi (Mitsubishi Rayon),

2nd Pyrolysis Gas Chromatography Seminar (hosted by Frontier Lab Ltd.)
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11
Application Notes 09.

Analysis of Polyethylene Terephthalate (PET)
by Reactive Pyrolysis

Analysis

RxPy (with TMAH)

PY: 500C
[t shows decomposition of ester group, but no
monomer.

RxPy with TMAH: 400C

It shows PET constituent monomer of dimethyl ester
of terephthalic acid, and mono and dimethyl esters of
ethylene glycol

https://www.frontier-lab.com/assets/file/technical-note/PYA2-006E.pdf

Pyrolysis temp: 500° C

Vinyl benzoate

@C.OOC HCH,

Benzoic acid

@COOH

Divinyl terephthalate

\

Benzene \

O

L :

! Jh‘. i

[@) FRONTIER LAB

Monovinyl terephthalate

\ HZCHCOOC‘©*COOCHCH2 HEIEK @COOCHCHZ

Fig. 1 Pyrogram Obtained by Flash Pyrolysis of PET

Pyrolysis temp: 400° C

— Reagent: 2uL of 25% methanl solution of TMAH

Dimethyl ethylene glycol

l// Monomethyl ethylene glycol

Dimethyl terephthalate

HucOOCOCOOCHs

N

Fig. 2 Pyrogram Obtained by Reactive Pyrolysis of PET

Analytical conditions: carrier gas: He, Injection port pressure: 103kPa, Split ratio: 1/60, Separation column: Ultra ALLOY -5 (5% diphenyldimethylpolysiloxane)

Length: 30m, Id: 0.25mm, Film thickness: 0.25pm, GC oven temp: 38°C~300°C (20°C /min), GC injection port tem: 320°C

Material excerpted from “5. A few recent applications of Py-GC", Kiura, Wakabayashi (Mitsubishi Rayon),
2nd Pyrolysis Gas Chromatography Seminar (hosted by Frontier Lab Ltd.)
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Pyrolysis—GC/MS Data Book
: TSUGE Shin, Emeritus Professor of Nagoya University, Japan OHTANI Hajime,
Of Synthetlc POlymerS Nagoya Institute of Technology, Japan WATANABE Chuichi, Frontier Laboratories Ltd., Japan
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