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Analysis and Pyrolysis of Vinyl Acetate

Toshiharu Takagi
Makoto Aiura

Naoto Kawamura

Gas chromatography and mass spectrometry have been shown to provide simple and precise methods for the

determination of organic matters, and dilatometry has been used to study polymerization kinetics.

These methods were applied for the analysis of vin

yl acetate and the determination of its pyrolysis products.

Vinyl acetate was determined successfully without polymerization by gas chromatography : one of the

suitable conditions obtained by dilatometric study was elution time less than 60 min. at 30°C.

main pyrolysis product above about 450°C.

Below about 450°C, the main pyrolysis product of vinyl acetate was acetaldehyde, while acetone was the

The decomposition increased with increasing temperature, and the degree of decomposition reached 99% at

650°C.
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Table 1 Dilatometer Test of Vinyl Acetate

Bx. No| Temp °C| Y0¥ o] ool e o e @l O @ ] Cr18 (@ Flydoguinoss, e i)
0 30 2 o
1 30 1 0.3 85
2 51 2 0.3 35
3 30 1 0.3 1 75
4 30 1 0.3 140
5 50 0.5 0.3 40
6 30 1 0.3 0.3 88
7 51 2 0.3 0.3 38
8 30 1 0.3 0.3 1 110
9 30 1 0.3 195
10 51 1 0.3 20
11 30 1 0.3 0.3 110
12 30 1 0.3 110
13 30 1 0.3 1 100

2-Ethyl-
butene-1
14 30 0.5 0.3 153
15 30 0.5 0.3 80
16 30 0.4 0.2 50
_'__'_‘-_‘—-—-—-___
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Table 2 Gas Chromatographic Conditions
. Benzyl Ether Tricresyl Phosphate Paraffin Wax BB’ -Oxydipropionitrile |
Liquid phase 109 3095 10% 3095
Salid supmoEt Chromosorb P Shimalite B Chromosorb W Shimalite B
PP 60~80 mesh 30~60 mesh |AW. HMDS 60~80 mesh 60~80 mesh
Column Stainless Steel Stainless Steel Stainless Stee] Stainless Steel
4mm ¢ x 5M 4mm ¢ x5M 4mm ¢ x 6M 4mm ¢ x5M
Column Temp. 40°C 75°C 75°C 70°C
Detector Temp. 90° C 90°C 90°C 90° C
Carrier gas He 40ce/min He 35cc/min He 40cc/min He 60cc/min
Bridge curr. 180mA 180mA 180mA 180mA
(3] #D%
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Table 3 Pyrolysis Temp. vs Pyrolysis Products
Area 9% with Vaporizer of GC below
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Table 4 Pyrolysis Temp. vs Prrolysis Products
Area % with Vaporizer of GC below

430°C (Nondistilled) 430°C (Distilled)
Vaporlizer wago‘ Area % Vaporlizer Peall\cln. Area %
Temp. Colurﬁ 1 11 16 18 Temp. Column 1 11 16 18
30°C| B.E 0.02 99.98 30°C| B.E 0.02 99.98
80 0.02 99.98 80 0.03 99.98
130 0.03 99.98 130 0.02 99.98
180 0.02 99.98 180 0.03 99.98
230 0.02 99.98 230 0.02 99.98
280 0.02| 0.04 99.95 280 0.02 | 0.08 99.91
330 0.04 | 0.10 99.86 330 0.20 | 0.29 99.74
380 0.18 | 0.40 99.43 380 0.39| 0.84 98.78
430 0.36 | 0.55 0.02 99.08 430 0.59 | 0.65 0.05 98.72
Vaporlizer Pea]l:ru' Area % Vaporlizer Peallso‘ Area %
Temp. ool 1] 2 1417|1819 20 Temp- eomn\ | 1| 2 | 14|17 |18 19| 20
30°C| T.C.P |0.02 0.07 99.91 30°C| T.C.P [0.03 0.01 99.97
80 0.03 0.04 99.93 80 0.03 0.01 99.97
130 0.03 0.04 99.94 130 0.03] 0.01 99.97
180 0.03 0.04 99.94 180 0.02 0.01 99.97
230 0.03 0.04 99.93 230 0.02 0.01 99.97
280 0.03 0.10 99.87 280 0.03 0.01 0.01 99.94
330 0.03 0.07 99.90 330 0.03(0.03|0.06 0.01 99.88
380 0.03(0.10/0.38 99.49 380 0.04{0.16[0.24 0.01j0.01| 99.53
430 0.10{0.17|0.75(0.01 0.08f 98.91 430 0.09/0.15[0.50[0.01/0.01{0. 11| 99.14
Vaporlizer Peahu‘ Area % Vaporlizer Area %
Temp. leoumm\| 1| 3|6 | 7 | 8 | 9 Temp. 1|36 | 7 | 8] 9
30°C| P.W 0.03 0.01 | 99.96 30°C| P.W [0.03 0.01 | 99.96
80 0.03 0.01 | 99.97 80 0.03 0.01 | 99.97
130 0.03 0.01 | 99.97 130 0.03 0.01 | 99.96
180 0.03 0.01 | 99.97 180 0.03 0.01 | 99.96
230 0.03 0.01 | 99.97 230 0.03 0.02 | 99.96
280 0.03 0.03 0.01§ 99.94 280 0.03 0.06 | 0.01 | 99.90
330 0.03 0.08 0.01 | 99.88 330 0.200.23 0.02 | 99.56
380 0.14{0.27 0.01 | 0.04 | 99.56 380 0.23(0.58/0.01 0.12 | 99.07
430 0.24]0.40[0.03] 0.02 | 0.11 | 99.22 430 0.91/1.33(0.04| 0.31 | 0.09 | 97.35
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o FEFLHNI LD CAKRILE L FER T 225 FRC
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D, HAHEESMEBREINMEL IR ->TW2 3D LHEE
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C= Lo HaEh Bok HEEINDEEY, HHVL
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FOUREO LA L L DAL TV L DRALDHI
%o 350° CHfsEA% Acetone @ Peak 23HER L, 4%
RED RS E & CEECHINL600° CHHLTR84%IC
KT D F72400° CHHEM B Acetylene, 1-Buteue,
Methylacetylene, 1.3-Butadiene, Cyclopentadiene 7z &
@ Peak »iHFH L, Acetylene (3550° CAHTCi\TH
KRV ZTORBEDO EHL L ACHP LT <. N
R2WRRIGHH > T B A D HEEIND,

() BNMEBSHDOREE

BORERYORECRI AR 7 v V7T 7FEAL
LT BB’-Oxydipropionitrile, Tricresyl Phosphate % {#
HALT Peak # ¥ T4 T 4R, HAWREEEFEZIH
LTIy 7L, SAARZ buX—2cd > TREL
Tro FRHRAI T VT T 7 CkMmAEA LT DReten-
tion Time X D45 $ [T L1z, BB”-Oxydipropionitrile
BER LI EHR RS RERD DR LN T2DTH
o FLTZDFER%A Parafin Wax, Benzyl Ether 7
T ARG & 81z, Fig. 10 @ BB’-Oxydipropionitrile
AR VT I7RERE LA L EoRFE
Wi A7 v V7T hkmt,

BB L - THRE LickEdts Table 7 Wind.
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Typical Chromatogram of Pyrolysis Products at 650°C

Fig. 10

22 Vinyl acetate-+Benzene

21 Propionaldehyde
23 Acetone
24 Toluene

17 CsHgz+CgHg
18 Acetaldehyde

19 C¢Hg
20 Methyl furan

+MW52

1,3-Butadiene + Pentene
10 Pentene
7
”

9
16 Cyclopentadiene or CsHg

11 Methyl acetylene

12 Pentadiene

13
14
15

n-Pentene or Ethyl cyclopropane

trans-Butene-2

6 Allene
cis-Butene-2

1—Butene
4  Acetylene (iso-Butene)

Carbon dioxide

1
2
3
5
7
8

: 8, B’~Oxydipropionitrile 4mm¢ x 5M

: He 60cc/min

: 70°C

Column

Carrier

Column Temp.

Detector Temp. : 90°C
Bridge Curr. : 180 mA
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CH3COOCH=CH,~—CH;CHO+ CH,COOH
bmbkmacaﬁmmﬁm1mm,7wﬁ90ﬁﬁ
PBEEE X BB HRAICE N DI 5 AT Rk
P K8 RS vk, BEMIDEE B, Acetaldehyde
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Table 7 Idntification of Pyrolysis Products by Mass Spectrometry and Gas Chromatography
I;Sg%{ B8’ -Oxydipropionitrile Tricresyl Phosphate Paraffin Wax Benzyl Ether
1 Carbon dioxide, Carbon monoxide
2 Acetylene
3 1-Butene Acetaldehyde
4 | Acetylene (iso-Butene)
5 trans-Butene-2 1-Butene Acetone
6 | Allene Methyl acetylene Propionaldehyde
7 cis-Butene-2
8 n-Pentene or Ethyl cyclopropane 1,3-Butadiene
9 1,3-Butadiene+ Pentene Vinyl Acetate
10 | Pentene
11 | Methyl acetylene Acetaldehyde
12 | Pentadiene Acetic acid
13 | Pentadiene
14 | Pentadiene+MW 52 Acetaldehyde
15
16 | Cyclopentadiene or CsH; Benzene Propionaldehyde
17 | CsHz+CgH, Cyclopentadiene or CsHg Acetone
18 | Acetaldehyde Propionaldehyde Vinyl Acetate
19 | CeHyg Acetone Benzene
20 | Methyl furan Vinyl Acetate Toluene
21 | Propionaldehyde
22 | Vinyl Acetate+ Benzene Toluene
23 | Acetone Benzene
24 | Toluene Toluene
25
26 Acetic acid
(5) % = bArH>,
MY =V OBBIRITIEA E D & 5 1okl T H
DEHEETH b AR BB ThH 523, 4% Tz - > /0"‘
RRBORED D 5 5 REE Ol LT 25 ERDLED i ( ————= HC==CH + 0=c\
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—RUCHIRE = V8, T VA ) OFEEFIC s T @) ZRER

DRI [FE 4R — kS Ge & > THERLE
Acetylene, Acetaldehyde, Acetic Acid DBL, D,
HfE T2l ick o TERLEb D2 E L s,

Tl X EBE T Acetylene 125 7 LiicBIR4 %
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4. ¥ & B

BAY =V AR 7 r< N7 T7 4 - L HHHEC
DN, BHEY =)V OEARED Rith bRl OB ESAF
AR U FEY =)V DBGEENE, BOH B
FETH AN TR BRI o1 TOMRERY =V
DHATZOT W57 4 — B4 IRE & Retention
Time 2Bz 223K L, BOBCBELTRTHZ
7% Acetaldehyde ¥ Acetic Acid DA 7n ) DED
IS~ DRI D & L B DNMCIL 520 B
D CAPIFCRIBH DI \IBRARKCHBEYRL ¥

B

X B

1) W, NEKFE; “oFey” . 6, 507 (1957).

2) PEEE ; “SrkE” , 10, 83 (1961).

3) FEEFE; “4Fkx” , 10, 86 (1961).

4) FHFENES s “oFrb” 10, 141 (1961).

5) Bengt. Smith, Joset, Dahlen ; Acta. Chem. Scand.,
17, 801 (1963).

6) ER=ME; “Ttzk” , 68, 485 (1965).

7) &WIESE, MARB—; “TMLgE” , 55, 489(1952).

8) A. E. Messner, D. M. Rosie ; Anal. Chem., 3,
230 (1959)

9) W. A. Dietz; J. of G. C,, 5, 68 (1967).

10) EINEX; “H{bik” . 89, 295 (1968).

(58)




