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JHP2
5DH
GC 5A
ITG 2A
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g Heveaplus MG 49 MG 30

h
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40ml 0.5g
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209
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Polysar Plastics Inc.
a Hercules Corp.
b Union Carbide Plastics Co.

¢ EPDM Uniroyal Inc.
d Thermoplastic Rubber  Uniroyal Inc.
EPDM

a
Amberlite IR 124
Diaion SA 100
Amberlite IRA 425

b
Duolite C
Duolite A

c
Diaion WK 11

d

Duolite A 30B

Fig.1



Carrier gas

Pyrolyzate
Carrier gas
Fig.1 Pyrolyzer
A Sample
B Quartz tube

C  Induction coil

cm cm
Ni Co 0.5mg
n
light gas

Fig.2

0.05mm

70cm

(Polymethyl acrylate}

59

MA

MeOH

L.G

MMA

Fe (Polyethyl acrylate)

(Poly-n-butyl acrylate)

w
no
—
O -

L.G.

EtOH

wl

n-BuOH

n-BA J K
] 1 ] 4 i L.
5 4 3 2 1 0
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Fig.2 Pyrograms of acrylate polymers

MA  Methyl acrylate
EA Ethyl acrylate
n-BA n-Butyl acrylate

MeOH Methyl alcohol
EtOH Ethyl alcohol
n-BuOH n-Butyl alcohol

MMA  Methylmethacrylate L.G. Light gas
(Above mentioned abbreviations are used in
subsequent figures.)

n Column packing Dinonyl phthalate, 10 , 2m
Column temp. 140
Carrier gas He, 45ml min
Detector FID
Pyro. temp. 590
Pyro. time 5sec



Fig.3
100

MMA

EMA

iso-BMA

5 4 3 2 1 0
«~ Rt (min)
Fig.3 Pyrogram of a mixture from methacrylate

polymers

(Polymethyl methacrylate,polyethyl metha-
crylale, poly-iso-butyl methacrylate)

MMA Methyl methacrylate

EMA Ethyl methacrylate

iso-BMA  iso-Butyl methacrylate

Column packing Dinonyl phthalate 10 m
Column temp. 140

Carrier gas He 45ml min

Detector FID

Pyro. temp. 590

Pyro. time sec

dinonyl phthalate 10
2m
Fig.4

Diethylene glycol succinate
Fig5 n
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EA
MMA
n-BuOH
EMA
iso-BMA
L.G
MeOH
EtOH
MA
n-BA
1 ! L 1 !
5 4 3 2 1 0
+Rt (min)

Fig.4 Pyrogram of a mixture from acrylate and

methacrylate polymers

(Polymethyl acrylate polyethyl acrylate
poly-n-butyl acrylate polymethyl
methacrylate polyethyl methacrylate
poly-iso-butyl methacrylate)

Column packing Dinonyl phthalate 10 m
Column temp. 140

Carrier gas He 45ml min

Detector FID

Pyro. temp. 590

Pyro. time sec

Fig6 n

dinonyl phthalate

PEG 20M

diethylene glycol succinate

Silicone DC 550

Fig.7
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MA 2-BuOH
n-BuOH
MMA
EMMMA MMA EA
1 1 1 1 L1 I 1
2 1 0 1 0 2 1 0
<+Rt {min)
Fig.5 Separation of acrylates methacrylates and
n-butyl alcohol on a diethylene glycol succinate column
Column packing Diethylene glycol succinate m
Column temp. 140
Carrier gas He 45ml min
Detector FID
Pyro. temp. 590
Pyro. time sec
)—LEA
] MMA
EMA Fig.6 Separation of acrylates, methacrylates
and n-butyl alcohol on a PEG 20M
column
Column packing  Polyethylene glycol 20M
m
Column temp 140
Carrier gas He, 45ml min
Detector FID
Pyro. temp. 590
Pyro. Time sec
n-BuOH MA
1 1
1 0

+—Rt (min)
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EA
n-BuOH EA
MMA
MMA
.
{ t ! i
1 0 1 0
Rt (mn)

Fig.7 Separation of acrylates methacrylates

and n-butyl alcohol on a silicone DC 550
column

Column packing  Silicone DC 550 m
Column temp. 140

Carrier gas He, 45ml min
Detector FID
Pyro.temp. 590

Pyro. time sec

n

dinonyl phthalate

485 590 740

450

Fig.8

740 light gas

Pyro. temp. 485C

MeOH

Pyro. temp. 590C

Pyro. temp. 740C

Rt (min)

Fig.8 Relationship between pyrolyzates and
pyrolysis temperature of polymethyl
acrylate

Column packing Dinonyl phthalate 10 m
Column temp. 140

Carrier gas He 45ml min

Detector FID

Pyro. temp. 590

Pyro. time sec

light gas
Fig.9
n
light gas n
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L.G
L. L.G.
Pyro. temp. 740C Pyro. temp. 580C Pyro. temp. 485C
EtOH
EtOH
EtOH
EA
A UL \
L
1 1 1 1 L 1 1 1 1 /\I t ]
3 2 1 0 3 2 1 0 3 2 1 0
Rt (min)

Fig.9 Relationship between pyrolyzate and pyrolysis temperature

of polyethyl acrylate

Column packing Dinonyl phthalate 10

Column temp. 140
Carrier gas He 45ml min
Detector FID
Pyro. temp. 590
Pyro. time sec
G49
Fig.10
light gas
500 600
Heveaplus MG 49 MG 30
49
MG49 30 MG30
Fig.11
Fig.12
Heveaplus MG 49
MG30

M

m

51 MG30 27

Heveaplus

Fig.13

Fig.13



64

L.G.
Pyro. temp. 485C

n-BuOH

Pyro. temp. 590C

n-BuOH

L.G

n-BA
I\ L
| | ! 1 L | 1 1 ! L | J
5 4 3 2 1 0 5 4 3 2 1
+~— Rt (min)
L.G.

n-BA

Pyro. temp. 740C

n-BuOH

3 2
+«-Rt (min)

e

1

Fig.10 Relationship between pyrolyzate and

pyrolysis temperature of poly-n-butyl
acrylate

Column packing Dinonyl phthalate 10

2m
Column temp. 140
Carrier gas He 45ml min
Detector FID

Pyro. Time sec



MMA/Isoprene (Peak area ratio)

MMA Isoprene
MG 49
L g
7 L T N . ] ) ~
9 8 7 [ 5 4 3 2 1 0
Isoprene
MG 30
MMA
9 8 7 6 5 4 3 2 1 0
«—Rt (min)
Fig.11 Pyrograms of natural rubber and
methyl methacrylate graft copolymer
Column packing Dinonyl phthalate 10
m
Column temp. 140
Carrier gas He 45ml min
Detector FID
Pyro. temp. 590
Pyro. Time sec
0.9r ® Standard Sample /
x MG 49 +9
O MG 30
0.7r
[ ]
(51%)
0.5r
i
o |
~ H !
0.3r 1(27%) |
30 10 50

MMA content (%)
Fig.12 Calibration curve of methyl methacrylate
in mixture of natural rubber and methyl
methacrylate

Lower layer

Butadiene

EMA
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Middle layer

MMA

4 3 2 1
MMA
- 7Upper layer
.
i 1 i [}
4 3 2 1
«Rt (min)

Fig.13 Pyrograms of adhesive tape

Column packing Dinonyl phthalate 10 m

Column temp.
Carrier gas
Detector

Pyro. temp.
Pyro. Time

BR

HIPS

965cm 1!

140
He 45ml min
FID
590
sec
HIPS
SBR
SBR BR

SBR
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HIPS

HIPS Fig.14

Rt (min) —

Fig.14 Pyrogram of HIPS

Ca Hydrocarbon 5 Ethyl benzene
Benzene 6 Styrene
Toluene 7 Methyl toluene
Cs Hydrocarbon
Column packing SE 30 20

Column temp. 110

Carrier gas He 60ml min
Detector FID
Pyro. temp. 590
Pyro.time sec
1.5+
5
3 .
2
o
2
S
3 Lof
o,
=~ L]
<
(=1
=
X
S|70.5F
O / °
[ ]
L L 1 1
5 10 15

Butadiene (%)
Fig.15 Calibration curve by polybutadiene
polystyrene blend

Cs
HIPS
Fig.15 Table 1

Table 1 Reproducibility of butadiene peak
area ratio when HIPS was pyrolyzed
at 590

A [T
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-
: i ]
8 L8
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¥ Peak aren retic
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C Cr
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Fig.16
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170
340
30ml GC Mass
2 A
Figl8 A Fig.19
Sample 1
3
’ 1 Propane
’ 2 iso-Butane
f 3 n-Butane
PPP
1 J
L 1 1 1
0 1 2 3
40 60
2
Sample 2 PP P.
1
1 iso-Pentane
2 n-Pentane
0 1 2 3 ¥
. Rt (min) —
Fig.16 Pyrograms of foaming-in-place polystyrene
Column packing SE 30 20 m
Colunm temp. Room temp.(25 )
Carrier gas He 55mlI mm
Detector FID 590
Pyro. temp. 170 -
Pyro. time 20sec Flg-zo
590
740 920
Fig.21
Fig.22 740
Fig.17
20
20
Fig.17 A
EPDM
EPDM Thermoplastic

Rubber
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Polyethylene (average MW=12000)

«—A

Polypropylene




EPDM

Polypropylene/EPDM blend
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Polypropylene/EPDM blend

A

1007
43

41

50

Relative intensity

55

Rt (min) —

Fig.17 Pyrograms of ethylene and propylene polymers

70

100

Fig.18 Mass spectrum of the

pyrolyzate of polypropylene

Column packing SE 30 20 m
Column temp. 40200 min
Carrier gas He 55ml min
Detector FID

Pyro. temp. 590

Pvro. time sec

111

126

(™e)

Medli | M0 ™e83 | Med3
, e 55 ,
CH=C ++—CH;—— CH——CH,——CH,—CH,

_______________ L....
CHs CH;
W 111-++--M*—CH,
e 126+ M*

Fig.19 Fragment ion of 2,4-dimethyl-l-heptene

characteristic



(Diaion SA-100)

Pyro. temp. 740T

Pyro. temp. 590TC

Pyro. temp. 300TC

10 20 30 40 50
Rt (min) —

op

Fig.20 Relationship between pyrolyzates and
Pyrolysis temperature of styrene-divinyl-
benzene ion-exchange resin

Column packing SE 30 20 m
Column temp.  50-250 min
Carrier gas He 60ml min
Detectar FID

Pyro. time sec

(Styrene-divinylbenzene ion-exchange resin)

Amberlite IR-124
(Cation-exchange resin)

Amberlite IRA-425
( Anion-exchange resin)

[
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(Duolite C-3)

Pyro. temp. 920C

ST

Pyro. temp. 740C

S

Pyro. temp. 590C

Pyro. temp. 480TC

" A N "

0 5 10 15 20 25 30
Rt (min) —

Fig.21 Relationship between pyrolyzates and
pyrolysis temperature of phenol-
formaldehyde ion-exchange resin

Column packing SE 30 20 m
Column temp. 50-.250 min

Carrier gas He 60ml min
Detector FID
Pyro. time sec

( Phenol-formaldehyde ion-exchange resin)

Duolite C-3
{ Cation-exchange resin)

-JJ e

Duolite A-7
( Anion-exchange resin)

10 20 30
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(Methacrylate-divinylbenzene ion-exchange resin)

Diaion WK-11
(Cation-exchange resin)

i L L 2 2 L i

(Epoxy ion-exchange resin)

Duolite A-30B
(Anion-exchage resin)

a A W N P

0 ' 10 20 ’ 30
Rt (min) —

Fig.22 Pyrograms of various ion-exchange

resins
Column packing SE 30 20 m
Column temp.  50-250 min
Carrier gas He 60ml min
Detector FID
Pyro. temp. 740
Pyro. Time sec
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Analysis of Polymers by Pyrolysis-Gas Chromatography

Keiichi FUJITA Katsumi MIZUKI
Central Customs Laboratory, Ministory of Finance 531 Iwase Matsudo-shi Chiba-ken Japan

Several polymers were examined by means of pyrolysis gas chromatography using high frequency heating
pyrolyzer.

To analyse polyacrylate and polymethacrylate, it was investigated that the relation between the temperature of
pyrolysis and the pyrolyzates, and the separation effect of the pyrolyzates on several kinds of column packing
Applying above mentioned results, these plastic products were analysed.

Reproducibility of pyrogram was investigated for the determination of butadiene component in high impact
polystyrene. It gave good results with 0.03 0.05 of standard deviationand 6 8  of coefficient of variation.

To analysis the agent in foaming-in-place polystyrene, volatile hydrocarbons used as the foaming agent were
easily detected and confirmed by pyrolysis gas chromatography.

On the examination of propylene-ethylene polymers, one characteristic peak in the pyrograms of polypropylene
or polymer blend containing polypropylene was observed, and it was confirmed as 2,4-dimethyl-1-heptene by
GC-mass spectrometry The peak was undetected or slightly detected in ethylene-propylene rubber such as
ethylene-propylene random copolymers.

For the examination of ion-exchange resins, pyrolysis gas chromatography was very helpful to identify the base
polymer and the functional group in ion-exchange resins.

—Received Sep. 14 1974—



