| hd |

NRC Publications Archive
Archives des publications du CNRC

Thermal decomposition products of poly(vinyl alcohol)
Tsuchiya, Y.; Sumi, K.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de I'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:

https://doi.org/10.4224/40001519

Research Paper (National Research Council of Canada. Division of Building
Research); no. DBR-RP-425, 1970-02-01

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=cd7daa0c-4722-400c-935b-4f4de09315be
https://publications-cnrc.canada.ca/fra/voir/objet/?id=cd7daa0c-4722-400c-935b-4f4de09315be

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada



| Ser

- THL

N2lr?2

'no. L2s ANALYZED

BLDG NATiONAL REsearcH CounNciL oF CANADA

ConsEiL NATIONAL DE RECHERCHES DU CANADA

THERMAL DECOMPOSITION PRODUCTS OF
POLY (VINYL ALCOHOL)

BY

YOSHIO TSUCHIYA AND KIKUO SUMI

REPRINTED FROM
JOURNAL OF POLYMER SCIENCE
PART A -1, VOL. 7, 1969
P. 3151 - 3158

RESEARCH PAPER NO. 425
OF THE

DIVISION OF BUILDING RESEARCH

OTTAWA

RICE 25 CENTS FEBRUARY 1970

NRCC 11218



DECOMPOSITION THERMIQUE DES PRODUITS
D'ALCOOL POLYVINYLIQUE

SOMMAIRE

La décomposition thermique dtalcool polyvinylique se fait
en deux étapes. Dans une étude de la premiére étape de dé-
composition, la pyrolise du polymere a été faite dans le
vide & 240°C durant quatre heures et les produits ont été
déterminés a 1'aide de chromatographie en phase gazeuse,
Les principaux dérivés sont de 1'eau, des aldéhydes ayant
comme formule générale Hg{—CH = CHY CH, et des cétones
0 n
de méthyl ayantcomme formule H,C —SJ «<CH = CH} CH,,
o n

alors quen =0, 1, 2, 3, etc. Les mécanismes pour la for-
mation de ces composés carbonyles sont étudiés.
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Thermal Decomposition Products of
Poly(vinyl Alcohol)

YOSHIO TSUCHIYA and KIKUO SUMI, Fire Section, Division of
Building Research, Nalional Research Council of Canada, Ottawa, Canada

Synopsis
The thermal decomposition of poly (vinyl aleohol) is known to oceur in two stages. In
a study of first-stage decomposition, this polymer was pyrolyzed in vacuum at 240°C
for 4 hr and the products were determined by using gas chromatography. The main
products were water, aldehydes having the general formula HCCH=CH--CHj, and

0O
methyl] ketones having the formula H;C—C-+CH=CH--CH;, where n = 0, 1, 2, 3, etc.
0
Mechanisms for the formation of these carbonyl compounds are discussed.

INTRODUCTION

The thermal decomposition of poly(vinyl aleohol) occurs in two stages.!
The first stage, which begins at about 200°C, is mainly dehydration, ac-
companied by the formation of some volatile products; the residue is pre-
dominantly macromolecules having polyene structure. The published data
on the volatile thermal decomposition products of this polymer are not
only very limited, but are also couflicting. Yamaguchi and Amagasa?
analyzed the products of the fArst-stage decomposition by chemical meth-
ods and found acetaldehyde, crotonaldehyde, beunzaldehyde, and aceto-
phenone. Iaesche-IKrischer and Heinrich® found formaldehyde, acetal-
dehyde, and acrolein. Ettre and Varadi? used a pyrolysis—gas chromato-
graphic technique and reported that the main organic products formed at a
pyrolysis temperature of 500°C were acetaldehyde and acetic acid. They
also found smaller amounts of ethanol, methyl acetate, and some hydro-
carbons. At this temperature both stages of decomposition must have
occurred. In second-stage decomposition of poly(vinyl alcohol), the macro-
molecules having polyene stiucture are degraded to produce carbon and
hydrocarbons. Gilbert and Kipling® analyzed the gases formed in the
second-stage decomposition of vinyl polymers.

The authors of this paper are primarily interested in first-stage decom-
position. The only important agreement in the data presented by others?—*
was the finding that acetaldehyde is one of the major produets. The pur-
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pose of the present investigation is to obtain rhore reliable information
about the thermal decomposition products of poly(vinyl aleohol) by using
the latest techniques in gas chromatography. The experimental data will
be used to discuss the mechanism of thermal decomposition of poly(vinyl
aleohol).

EXPERIMENTAL

Material

A commercial grade of poly(vinyl alecohol) (>999, hydrolysis) was dried
at 80°C under vacuum for 48 hr, prior to pyrolysis. The molecular weight
of the polymer was found to be about 130000 by a viscosity method.

Thermal Decomposition

The apparatus for the thermal decomposition of poly(vinyl aleohol) was
similar to that used for a previous study.® A sample weighing 1 g was
placed in a Pyrex tube connected to a liquid nitrogen trap and a vacuum
pump. After the system was evacuated to 1 X 10—* mm Hg, the vacuum
line to the pump was closed and the sample was heated at 240°C for 4 hr.
Most of the volatile decomposition products were collected in a liquid nitro-
gen trap. When the liquid nitrogen was removed, the condensates in the
trap separated into two layers: a water layer and an oil layer. The frac-
tion volatile at room temperature was transferred from the trap into a gas
sampling bottle of known volume. The three fractions were analyzed
separately, and the combined amounts of each component were obtained.

The pyrolysis tube containing the solid residue was evacuated again, and
the residue pyrolyzed at 450°C for 4 hr. The products from the second-
stage decomposition were analyzed in the same way as those from the first-
stage decomposition.

Analysis

The chromatographic conditions that were used to analyze the decom-
position products are presented in Table I. The identification of the peaks
was carried out as follows: (a) comparison of retention times with those
of known compounds by use of three different columns; (b) collection of
products that yield certain peaks by preparative gas chromatography, fol-
lowed by chemical methods of identification; (¢) determination of carbon
structure of products by catalytic hydrogenation.” For quantitative
analysis, the areas under each peak were measured, and approximate sub-
stance correction factors were applied.?

RESULTS AND DISCUSSION

The results of the products from the first-stage decomposition of poly-
{vinyl aleohol) are presented in Figure 1. The quantitative data are rep-
resented by line charts, plotted against the retention indices. The reten-
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tion index of each component was determined by using n-alkanes as stan-
dards at gas chromatographic condition 1.

The major peaks, Ao, A1, As, and A5 of Figure 1, are spaced uniformly on
the retention index scale, suggesting that they belong to the same homol-
ogous series. The first three were identified as acetaldehyde, crotonalde-
hyde, and 2,4-hexadiene-1-al by comparing their retention indices with
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Fig. 1. First-stage decomposition products of poly(vinyl alcohol). Area of peaks vs.
retention index.

those of known compounds and by the determination of melting points of
2,4-dinitrophenylhydrazones of the three products. The general formula
of these compoundsis I:

H(ﬁ—éCHzCH—)—CHs n =012

I

Peal A; is believed to be due to 2,4,6-octatriene-1-al, the next compound
in the same series. This suggestion is supported by the fact that n-heptane
was obtained on catalytic hydrogenation of this product.

Peaks Ko, K, K, and K; are also uniformly spaced and thus appear to
be due to another homologous series. The first peak, Ko, was due to ace-
tone. The second peak, K;, which yielded a positive iodoform test and
produced pentane by catalytic hydrogenation, was believed to be due to 3-
pentene-2-one. Although 2-pentanol and 2-pentanone should yield the
same results on these two tests, their retention indices are different. The
third peak, K., was identified as 3,5-heptadiene-2-one by comparing the re-



tention time with that from a synthesized sample.®
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for this homologous series is I1:
CHa—(”3+CH:CH—)—CH3

0O
11

TABLE 11
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The general formula

Thermal Decomposition Products of Poly(vinyl Aleohol)

(240°C, 4 hr)

Wt.-% of original

Product polymer
Water 33.4
Carbon monoxide 0.12
Carbon dioxide 0.18
Hydrocarbons C~C; 0.01
Acetaldehyde 1.17
Acetone 0.38
Peak a 0.025
Ethanol 0.29
Benzene 0.06
Crotonaldehyde 0.76
K, (3-pentene-2-one) 0.19
2,4-hexadiene-1-al 0.55
Peak b 0.014
3,5-Heptadiene-2-one 0.099
Benzaldehyde 0.022
Acetophenone 0.021
Peak ¢ 0.017
Aj (2,4,6-octatriene-1-al) 0.11
Peak d 0.026
K; (3,5,7-nonatriene-2-one) 0.020

TABLE H1

Decomposition Products of Poly(vinyl Alcohol}
(Material Balance, in Weight Percentage of Original Polymer)

Ist stage (240°C, 4 hr)

2nd stage (450°C, 4 hr)

Volatiles
47.9

Residue
52.1

Water layer {Wuter

4
Org. Compds.  1.56

Org. Compds.

Analyzed 1.19
0il layer 1

|Not analyzed  4.99
Gas 0.92
Loss 5.81

Volatiles
27.7

Residue
24 4

Water layer 0.60
Oil layer 22.30
Gas 2.46
[ Loss 2.34
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The decomposition products reported by others?—* but not found in the
present investigation were formaldehyde, acrolein, methyl acetate, and
acetic acid. The difference in polymer samples could account for the dis-
crepancy in the production of acetic acid, because poly(vinyl alcohol)
samples are known to contain different amounts of acetyl groups.

The experimental data on the thermal decomposition products of poly-
(vinyl alcohol) are presented in Table I1, and the data on material balance in
Table IIT. The main decomposition products of the first stage were water
and carbonyl compounds. The distribution of oxygen compounds in the
products, based on 100 monomer units in the original polymer, was: water,
86.4 mole; aldehydes, 1.9 mole; ketones, 0.5 mole; other, 0.7 mole. Water
is formed by a mechanism similar to that forming hydrogen chloride from
poly(vinyl chloride) and acetic acid from poly(vinyl acetate), leaving a
residue having conjugated polyene structure [eq (1) ].

w{—CH—CIIE—}('JH—CHg—M — > m{ CH=CHYCH—CHy—mw 4 2,0
H OH H

(1)

Scission of some of the C-C bonds results in the formation of the carbonyl
ends. Aldehyde and methyl ketone end formation are expected to proceed
as shown in egs. (2) and (3), respectively.
w—(IJH—CHg{—CHz(?II%—CH—CHz—MN —_—

o OH

smvi—CH—CH,CH=CHYCH + CHy—CH—~ (2)
H 71(”) H
sw—CH—CHA CH=CH3-C—CHy—CH—mv
OH ' H OH
{
aw—CH—CH,CH=CH--C=CH. + CH—CH;—mw~
(|)I~I n(I)H !
{
~v—CH—CH,+CH—CH--C—CH, (3)
b )

The formation of acetaldehyde, crotonaldehyde, 2,4-hexadiene-1-al, and
2,4,6-octatriene-1-al is plausible from the aldehyde ends, and the formation
of acetone, 3-pentene-2-one, and 3,5-heptadiene-2-one is expected from the
methyl ketone ends.

Considerably more aldehydes than ketones were found in the products.
This difference was predictable from these reactions, because the aldehyde
ends can be formed by both reactions (2) and (3), whereas the ketone ends
are formed by the latter reaction only.

Yamaguchi and Amagasa'® predicted the formation of the series of alde-
hydes and ketones (found in the present study) from the mechanisms of
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decomposition that they proposed. They suggested that the methyl ketone
ends are formed from the carbonyl groups that are present in the original
polymer [eq (4)].

w—CH—CIH,—C—CH,—CH—CHs— rw——m—

|
Ol 0 OH

|
mw—CH—CH,—C—CH; + CH—CH,—w (4)
b 4 b
The present authors suggest that the transfer of a hydrogen atom from a
tertiary carbon followed by a decomposition reaction (3) could also account
for the formation of methyl ketone ends.

A large portion of the oil layer was not analyzed (as noted in Table III),
because most of these products were not sufficiently volatile for the gas
chromatographic conditions used. The conversion of the carbonyl com-
pounds in the oil layer to 2,4-dinitrophenylhydrazones resulted in a large
yield, indicating that the carbonyl compounds represented a large portion
of this layer.

The volatile decomposition products of the second stage were mainly
hydrocarbous; series of n-alkanes, n-alkenes, and aromatic hydrocarbons
were found. The second-stage pyrolysis products of poly(vinyl chloride)
and poly(vinyl acetate) were also determined for comparison with those
from poly (vinyl alecohol). The similarity in both the qualitative and quan-
titative data of the products from the three polymers indicates that the
same mechanism applies to the second-stage decomposition of each of the
three vinyl polymers.

CONCLUSION

Analysis by gas chromatography showed that the first-stage thermal de-
composition products of poly(vinyl alcohol) are mainly composed of water,
aldehydes having the general formula CH-+CH=CH--CH; and methyl

0 .
ketones having the formula CHg—C—GCH:CH%;CHg, where n =

I

0O
0, 1, 2, 3, ete. According to the mechanisms proposed in this study, de-
hydration is accompanied by some scission of the polymer chain, resulting
in the formation of aldehyde ends by one type of reaction and of both alde-
hyde and methyl ketone ends by another type. These mechanisms explain
the formation of these carbonyl compounds.

This paper is a contribution from the Division of Building Research, National Research
Council of Canada, and is published with the approval of the Director of the Division.
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