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SSCI Pyrolysis and pyrolyzates of polymeric materials |@|
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n =300 ~ 30,000
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SSCI Typical pyrogram of polyethylene at 600°C l@'
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PY : 600°C, Sample: PE (0.24 mg), He : 100
ml/min
PY/GC ITF, INJ:400°C,5 ml/min
Column: Polydimethylsiloxane 15 m, 0.53 mm i.d.,
Py GC oven: 50-430°C(40 "C/min), FID
C20
[}
C1o
[}
19 min )
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Sci Pyrograms of typical polymers l@l

SPGC FRONTIER LAB
Polyethylene Polypropylene
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SCI Characterization of Polymers by PY-GC/MS
Spec

A: ldentification of polymeric materials
Unknown materials (PP/ PVC/ SBR?)

B: Structural characterization of polymers

X —— [ CH,CH=CHCH,] -[[CHZCH(CN)] | CHZCH(C6H5)]] e X
n y

A 2 ! 2
chain-end \ Various monomers /

N A
~
MW / Sequence distributions (x-n-m-n..)
Blend or copolymer (X+Y or X&Y) —[— C= C C- C* C C*-C- O—]—
C C) C

C: Mechanisms and kinetics of polymer degradation Gl reg“'a”ty

D: Qualitative and quantitative analysis of additives
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Pyrolysis-GC/MS system and analytical techniques
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SCl Configuration of pyrolysis-GC/MS system

Spec

Carrier gas (He)

1

Pyrolyzer

Multi-Shot Pyrolyzer
EGA/PY-3030D

!
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(rELm

Splitvent | ( L(

Separation column
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Mass spectrum

(Total ion chromatogram)

. |
GC
\ J/ y ¢
( o
S / -
Pyrogram Library / data book
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Polymeric material and pyrolysis

-

-

Pattern diagram of
typical polymeric material

O : Additives
. Polymer

® : |norganics

=

/

X: Additives
Y: Polymer
Z: Inorganic
‘ Pyrolysis (Single-Shot)
X1
Y(d)
Y(b)
Ya
(a) Y(ckz
il L e
0 4 12 min

Mixed Information of polymer and volatiles

Sometimes difficult to interpret results !!
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a. Evolved Gas Analysis-MS (EGA-MS)

Four analytical techniques

Multi-Shot Pyrolyzer

EGA tube

Vent-free GC/MS adapter

b. Single-shot analysis

Multi-Shot Pyrolyzer or

Single-Shot Pyrolyzer —__|

_I =)
—y

MS

.
[

Separation column

~ 1GC

Vent-free GC/MS adapter

c. Double-shot analysis

Multi-Shot Pyrolyzer

MicroJet Cryo-Trap

GC

Separation column

d(ce

al

Vent-free GC/MS adapter

Multi-Shot Pyrolyzer

__[ —
iy

N\

Selective Sampler

MS

8

Separation column

|GC

YOUR SCIENTIFIC SPECIALIST

Vent-free GC/MS adapter

(@)

FRONTIER LAB



SCI Evolved Gas Analysis (EGA-MS) o)
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EGA thermogram
Volatiles (additives, etc.)
.IF/ \\
A
Polymer
d N
D
: C :
| u 1 z 1 |
40 100 200 300 400 500
Temperature (°C)
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Single-shot analysis

Pyrogram @550°C (peak A+B+C+D+E)

Compound
a.Methyl vinyl ketone

d.Phenoxyethanol
g.2-Ethylhexyl fumarate

6 8 10 12 14 min

b.Methyl methacrylate c.1,3-Butanediol
e.Methyl hydroxybenzoate  f.Propyl hydroxybenzoate
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SCi  Double-shot analysis
Spec

STEP1:Thermal desorption
40~310°C (peak A+B+C)

b

d
| ~Jl__~u__J_jiﬁ__~.L—~”’

0 2 4 6 8 10 12 14min

Compound
a.Methyl vinyl ketone

d.Methyl hydroxybenzoate

L

| STEP2:Flash pyrolysis
550°C (peak D+E)

Methyl methacrylate

D3
L.D4 D> |

I P Sy

I

0

b.1,3-Butanediol
e.2-Ethylhexyl fumarate

2

4 6 8 10 12 1l4min

c. Phenoxyethanol

f.Propyl hydroxybenzoate
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SSCI Heart-cut EGA-GC/MS (HC/EGA-GC/MS) o)
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D temp. 1,3-Butanediol
A 40~120°C
J Moisturizer
L L
B 120~220°C Methyl hydroxybenzoate Propyl hydroxybenzoate
Preservative
TR 'Y PR \ e
C 220~310°C :
D|octylfumarateJ Skin-care chemical
... b 1 - .
D 310~400°C

Methyl methacrylate
Acryl polymer

Il A

E 400~500°C D3 D4 Polydimethylsiloxane

J AL | A " A —

i | = | I | | I
0 2 4 6 8 10 12 14 min

YOUR SCIENTIFIC SPECIALIST




SCl Analysis flow for unknown polymer

Sp

cC

Unknown -
polymer

1. EGA analysis

2. Single-shot
analysis

' &

3. Double-shot analysis
A combination of thermal desorption
and flash pyrolysis

|

Identification of unknown polymer

Additive - F-Search (Additive library)
Polymer-F-Search (EGA, Polymer, Pyrolyzates library)
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F-Search Software
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F-Search Software

Polymer search using pyrolyzates of pyrogram

/ Styrene

Search result for peak (E)

O

FRONTIER LAB

~

IUnknown Mass Spectrum of P(FL)0221.D (14,000 to 14.008 min)
'|‘|‘| N (%] 100 =
— BU o
- 1 o N O 5 o B
1 65 142
\ (B) 28 1 A .||l “ el .L 178 191203 2
(Rl : 1902) nfz—> 0 50 100 150 200
\ (RI - 2260) Reference of 2-Phenethyl-4-phenylpent-4-enenitrile (hybrid trimer) [C=C(Ph)-C-C{
\\ ) [%] 188 , =l N
\ - Oy O
N\ 1518 1 77 e 156 I
. j - 65 14z
I / 21 % L) “ R
Acrylonitrile (D) (E) miz-= 0 50 100 150 200
N (RI - 1384) View Prirt Structure displayed
\—__N * MS Spectrum ' Displayed Resuts = I Py
N " Chromatogram / Thermogram { Top 5 Hits copy |
(C)
(A)
teference Records: Details... | 1
— T
| Peak | Assignment | Polymer ¢ Additive |  Rilx]  wwv | Qual] | ﬁl
1 SAS  2-Phenethyl-d-phenyl...  Acrylonirile styrene copolymer ; A3 261 99
- - A - . . 2 SAS  2-Phenethyl-4-phenyl...  Acrylonitrile-styrene alternating copolymer 2199 261 99
\ 2 4 6 8 10 12 14 [min] / 3 SAS  2-Phenethyl-4-phenyl... f-‘acrylon?trile—butadiene—styrene copolymer ... 2200 261 93
4 SAS  2-Phenethyl-d-phenyl...  Acrylonirile-acrylate-styrene copolymer ; .. 21849 261 939
5 SAS  2-Phenethyl-d-phenyl...  Acrylontrile-EPDM-styrene copolymer |, AES 2197 261 99 ;I

Pyrogram of unknown polymer
(A) and (B) below were identified by library search on NIST
library; however, (C) and (E) could not be identified.

Polymer candidates which generate 2-Phenethyl-
4-phenylpent-4-enenitrile by pyrolysis.

Pyrolyzate candidates
generated upon library
search.
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Sci F-Search Software o
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Visual comparison of pyrograms of polymers stored in the library

F_/' - Monomer Dimer Trimer -_'“'\_‘
h e P A Y
- . - ———, =
G A G B
[Unknown polymer | Styrene - =
Acrylonitrile Toluene )
2 4 8 10 127/ “H4—jmin,
Candidate 1: Acrylonitrile-styrene alternating copolymer l
ll i " I L J II Aa | o, A lJ
Candidate 2: Acrylonitrile-acrylate-styrene copolymer
1-Butene ?utanol
4.__] A, A 1 " A l L TN i
Candidate 3: Acrylonitrile-EPDM-styrene copolymer ( A
l A I e " " 1 '1 M i‘ lJ_l -
Candidate 4: Acrylonitrile styrene copolymer - “
] . . 1 ‘l e 9 ! “ }
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Specifications for F-Search System (Japanese patent 3801355, US patent 6444979)

F-Search Software

Pyrolyzates-" S. Tsuge , H.Ohtani and C. Watanabe, 2011, Elsevier Inc.

T F-Search Optional libraries (search software F-Search (ver. 3.6) (PY-1111E-181) required)
“All-In-One”
o (PY-11106-181)| ECAMS18B PyGC-MS18B  |Pyrolyzate-MS18B|  ADD-MS16B
(PY-1112E-181) (PY-1113E-181) (PY-1115E-181) (PY-1114E-161)
Propecons | promecans | poscas
—— Evolved gas analysis y'an p Y'an ) ) EPY-G%‘MSI
nalytca an
. (EGA-MS Thermally assisted hydrolysis | Thermally assisted hydrolysis .
technique ) and methylation-GC/MS and methylalion-GC/MS Therma'.l'f'gsgmmg'ecms
(THM-GC/MS) (THM-GC/MS) (TD-GC/MS)
Number of 1,000 polymers 268 polymers 494 additives
polymers/additives 1,000 polymers (THM data in 33 polymers) | (THM data in 33 polymers) |(Py and TD data in 110 additives)
Package
Stored chromatogram cnntair?s Thermogram Pyrogram/chromatogram
Number of F-Search (ver. 38)
Umsp;;ramasg and all four c.a. 1,900 c.a. 2,800 c.a. 5,500 c.a. 4,800
libraries Contains 321 additives recorded
Contains all polymers listed in “Pyrolysis - GC/MS Data Book of ',2' ﬁlﬁ:g:'d&?ﬁf:; gigg:sg.
Other Synthetic Polymers -Pyrograms, Thermograms and MS of Tsuge, S. Takayama, 1994,

Nihon Kagaku Johosha, in
addition to 37 major additives for

rubbers.
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Sample preparation

YOUR SCIENTIFIC SPECIALIST




SSCi Sample preparation |@I
P ec FRONTIER LAB

Step 1 Step 2 Step 3

Knife }/
5 o Place a sample

in the sample cup Yiohzer
Polymer Prepper Sample cup
5/ \ 0.1- 0.5mg
Filed, Cry milled :> :>
Micro syringe WA Ej MS GC
; No solvent extraction
Ready for

Micro puncher

Analysis !!
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Example application
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SSCI Analysis of Compounded Rubber @
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Polymier main chain

- il -, 2-mercapto thiobenzothiazole " CE“’H
2—methyl th mh«enzuthmzole Nocrac E'C
Volatile components \ 15 acid - nCyHs,
— / \\ X10 [s D5
o _,_—\,\_1__ ____ " |. L I 5 [
] - T I I
100 200 3[][] 4[]{] E-DEI' 600 700 °C
Fig. 1 Evolved Gas Curve of a Compounded Rubber 'SOF"E”E D|mer limonene)
Pyrolysis temp.: 100 - 700 2C (20 2C/min), trimer
Carrier gas : He 50 kPa, Split ratio : ca. 1/20 B“tﬂ'd'ene J t;tmmer
EGA capillary tube : 0.15 mm id, 2.5 m (UADTM-2.5N), GC oven temp.: 300 2C L , . o
Isnject:on temSp.: 320 2C, 12 14 1% 18 20min
ample : ca. 5 ug,
Detector : MS (m/z 29 - 400) Fig. 2 GC/MS Analysis of Compounded Rubber by Double-Shot Technique

Column flow rate : 1 ml/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 um;

GC oven temp.: 40 - 300 °C (20 2C/min),

Sample : 5 pg,

Detector: MS (m/z 29 - 400, 2 scans/sec)
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e Analysis of Acrylonitrile Butadiene Rubber (NBR
Spec by Double-Shot Technique FRONTIER LAB

. __...J._._u.u_-J.LL_ul_m OSP P RS L) i

Fig. 1. Pyrogram of NBR by Single-Shot Technique (Total ion chromatogram) DOA
DOP

Pyrolysis temp.: 550 eC, Carrier gas : He, Column flow rate : 1.0 ml/min, a. First stage : Thermal desorption (100 —» 20 *Clmin —» 300 °C (5 min)) -
Separation column : Ultra ALLOY-5 (5% phenyldimethylpolysiloxane), 30 m, 0.25 /! Dos
mm id, Film thickness : 0.25 um
GC oven temp.: 40 2C (3 min) = 10 2C/min - 300 2C (3 min), GC injection port
temp.: 320 2C, Sample : 0.31 mg, | .. - :

DOA : Dioctyladipats

Detector : MS, Scan range : m/z 29 - 400 b. Second stage : Pyrolysis (550 °C) D04 - Diochadpate
DOS - Dioch sebacate

i bl

Fig. 2. Pyrogram of NBR by Double-Shot Technique
Analytical conditions are the same as above (Fig. 1.)
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Analysis of a Food Wrap Film (Polypropylene and
Nylon) using EGA-GC/MS
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myristic acid

Zone A ®
e Zone B e-caprolactam
Zone A

acetic acid lauri )
{(100~320°C ) / auric acid o °
b et ___,T_,_,., . T MY | i
c'
| Zone B n-C’ s
l v | n-C'ss
g
5[][]

':\_ 2':"" J‘GG I::' I|I
J Moo s Ll

\ 'y,
1 I
5 10

@ :fatty acid ester

40 100 200 300 600°C T

A __...I..L-.A_I_.l.-u-'.- P T
]
15 min

I

Fig. 1 EGA Profile of Polypropylene + Nylon

Pyrolysis temp: 40 — 600 2C (30 2C/min), carrier gas: He
Interface: deactivated metal capillary column (length: 2.5 m, id: 0.15 mm)
Injection port pressure: 50 kPa

Fig. 2 Analysis Results of Zones A, B, and C of Polypropylene + Nylon

Carrier gas: He, column flow rate: 1 mL/min, total carrier gas flow rate: 40
mL/min, separation column: Ultra ALLOY-5 (5% diphenyl dimethyl polysiloxane),
length: 30 m, id: 0.25 mm, film thickness: 0.25 um,

GC oven temp: 40 2C (1 min hold) - 320 2C (20 2C/min), injection port temp: 320
2C, Cryo trap temp: -196 °C,

sample: 0.25 cm2
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SCI Polycarbonate (PC) Plastic Resins O
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[%]1103 (g 110
1007 ey 100 213
a0 1 A g0
a0 - fi ! a0 Unknown Mass Spectrum of EGA-MS result
70 1 \ 70 (11.986 to 23.026 min)
60 1 | &0
o 50
40 f ) 40
20
13 - — e— 281 301 331 380 200 418 445 506 543 567
miin —=100 200 =00 700 00 400 500 G600
Temperature (*C)
20
a0 Reference of Polycarbonate(solution method) ; SM-PC
The EGA thermogram demonstrated that the PC filament start to degrade 70 (F-search Library reference)
at 320 2C and will be totally degraded at 600 2C. Library search is done by 80
F-search, which fits well with the EGA-MS of sample, giving a result of AE
good fitting with PC reference. 2l
20 0 8
10 % 657710 185,107
0 181 y 20z 320 asp 407
—— ] 100 200 i1} 400 500 600
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Determination of Phthalate Bis(2 - Ethylhexyl)
Phthalate (DEHP) in Heat Resistant PVC Sheath
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Abundance
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|
LN — _-I'I L

=

m/z 149
0 ! S— - S
8000 i
Peak area: 37000 M"'—‘Qil ‘I } rJ" m/z 279
| - X, . . L o
g 7 8 9 10 11 12 13 14 15 [min]

TD-GC/MS chromatogram and extracted ion chromatograms
of heat resistant PVC

Peak area (miz: 2T9)

100000

BOODD 1

G0000

40000 7

20000

o T T 1
i 100 200 300
DEHF amount [mg]

Calibration curve of DEHP

TD temp.: 100 - 320 2C (20 2C/min, 1 min hold), GC oven temp.: 80 (2 min) - 200 2C (40 2C/min) - 320 2C (15 2C/min, 3 min hold)
Separation column: Ultra ALLOY+-5 (5 % diphenyl 95 % dimethylpolysiloxane, L=30 m, i.d.=0.25 mm, df=0.25 um)

Column flow rate: 1.2 mL/min He, Split ratio: 1/50, Sample wt: ca. 500 ug
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