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Abstract

Poly(vinyl chloride) and poly(vinyl alcohol) (PVAL) blends with various molar ratios were UV-irradiatedd54 nm) at room temperature
and in air atmosphere. Photochemical reactions were monitored by FTIR and UV-vis absorption spectroscopy. Changes of average molecular
weights, indicating chain scission, were measured by gel permeation chromatography. Simultaneously, the amount of insoluble gel formed
resulting of photocrosslinking was gravimetrically estimated. The influence of solvent thybkdi(nethylformamide) on blend photodegra-
dation was also discussed. It was found that sample composition and macromolecular interactions play an important role in photochemical
reactions in PVC/PVAL.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction main disadvantage of PVC is low thermal and photochemical
stability, thus, plastics based on this polymer have to be sta-
Although mechanisms of photochemical reactions in pure bilized[5]. However, PVC photo- and thermal degradation is
polymers are well know1—3], the behavior of UV-irradiated  not enough fast for classification this polymer as degradable.
polymeric blends is often difficult for prediction. The main Poly(vinyl alcohol) (PVAL), which is used to manufacture
reason of this fact is great complexity of interactions between the water-soluble films and adhesives, has similar chemical
components and products of their photodestruction. Studiesstructure to PVC but properties of both polymers differ signif-
of photodegradation of polymer blends supply evidences thaticantly [7]. PVAL is water soluble and biodegradable, con-
some polymers hamper, but some of them accelerate degratrary to PVC (which is soluble in solvents such as organic
dation of second component. The stabilizing or destabilizing halides or ketones). The various properties arise mainly from
effect on photochemical reactions has been proved in case oflifferent macromolecular interactions in both polymers.
specific interactions between mixed polymers, whereas, in  UV-irradiation causes great changes in chemical struc-
case of lack of mutual molecular interaction, the additivity of ture of polymers, which strongly influence their physical
most physicochemical properties can be expected. and mechanical properties. The main photoinduced reac-
The polymers studied inthis work are broadly used in prac- tions in macromolecules are main chain scission, branching,
tice. Poly(vinyl chloride) (PVC) is one of the most popular, crosslinking, oxidation, side group abstraction and polyene
cheap and easy processed polymer applied in many industriaformation. All of them occur in vinyl polymers such as PVC
branches, agriculture and household goods produftiesi. and PVAL[1-3,8]
Its properties can be modified chemically and physically. The  UV-radiation can cause plastic damage but it is also used
for modification of surface properties, thus, knowledge of
* Corresponding author. Tel: +48 56 6114982; fax: +48 56 6542477, Photochemical reactions in complex polymeric systems is
E-mail addresshalina@chem.uni.torun.pl (H. Kaczmarek). very important from practical point of view.
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The aim of our work was to study the reactions induced  Gel permeation chromatography (GPC) was done us-
by short wavelength UV radiation (254 nm) in PVC/PVAL ing Viscotek chromatograph (Texas, USA) equipped with
blends with different componentratio and to explain if macro- two detectors-refractometric (Shoedex RI-71) and viscomet-
molecular interactions influence the blends photostability.  ric (Viscotek Model T50A) as well as two columns (of

GMHpRr-MS type made by TSK-GEL) connectedinline. The
following parameters of measurements were applied: flowing

2. Experimental details speed 1 ml/min, temperature<D, concentration of polymer
solution 0.5-3 mg/ml, and sample volume of 3A0Prior to
2.1. Samples measurements, the polymer solutions were filtered through

the Titan Syringe Filter made from PTFE of 25 mm in diam-
eter and pore size of 0.46n. Number and weight average
molecular weights as well as molecular weight distributions
were obtained after dissolution of irradiated blends (and after
gel separation) in selective solvents: tetrahydrofurane (THF,
chromatographic purity, Aldrich) for PVC and deionized wa-
ter for PVAL. Column used for PVC in THF was calibrated
with narrowly distributed PS standards but for calibration of
column for PVAL in water — dextrane standards were applied
(both types supplied by Aldrich).

Commercial polymers: poly(vinyl chloride) (PVC
Polanvil S-67ZS,K = 67.7, Wioctawek, Poland) and
poly(vinyl alcohol) (PVAL, Loba Chemie Austria)—were
used in this work. The blends in whole concentration
range (from 0/100 to 100/0 PVC/PVAL molar ratio) were
prepared by mixing of proper volume of 2% PVC and 1%
PVAL solutions inN,N-dimethylformamide (DMF, pure for
analysis), which is common solvent for both polymers. The
thin polymeric films (thickness of 10—-26m) were prepared

by solution casting onto PE film (which facilitates taking 4 . .
Gel amount was estimated by separation of insoluble part
off the samples from support). The solvent was evaporated : ; -
from sol using common solvent (DMF), drying and weighing.

at elevated temperature (323-333 K) and then samples were- Y L .
. . . ach estimation was repeated minimum three times.
dried at vacuum. Films of the same thickness were chosen

for each experiment. Content of residual acetic groups in
PVAL (or deacetylation degree, which equals hydrolysis
degree) was estimated by titration of acetic acid (evolved
during hydrolysis) in NaOH solution.

3. Results and discussion

3.1. FTIR spectroscopy results
2.2. Irradiation
Absorption spectroscopy supplies information about
The samples were UV-irradiated at room temperature changes in chemical structure of polymers during UV-
and in air atmosphere upon low pressure mercury va- irradiation. FTIR spectra of initial, unexposed samples
por lamp (TUV-30W, Philips, Holland) emitted mainly are shown inFig. 1 Characteristic bands assigned to
254 nm radiation. The distance between sample and irra-methyl/methylene/methine (GHCH,/CH) stretching and
diation source was 5cm; incident light intensity, measured deformation vibrations are clearly seen either in PVC or
by IL 1400A Radiometer (International Light, USA) was in PVAL at 2800-3000 cm! and 1300-1500 crit ranges,
3.12 mW/cnf. Times of irradiation were 1-6 h, which corre-  respectively[9-11]. In PVC, additionally bands of -&Cl
spond to 112-673 kJAdoses. After each hour of exposure, Vibrations appear at 500-780c The intensive band at
samples were analyzed. 3010-3680cm! in PVAL spectrum is due to hydroxyl
group existing in each polymeric unit. Carbonyl bands (at
2.3. Analysis

FTIR and UV-vis spectroscopies were done using Matt-
son Genesis Il Spectrometer (USA) and UV-1601PC Shi- PVAL

madzu Spectrometer (Japan), respectively. W
IR spectra were recorded as average of 100 scans; the 40/60

resolution was 2 cmt. Band intensity and integral intensity W

(area of absorption band) was calculated after baseline cor- W
PVC

rection using WinFirst 3.57 computer program (Mattson In-
struments). The spectra of unexposed samples were used as

Transmitance

references and relative changes of absorbance were calcu- O-H c-o

lated. Complex carbonyl band was separated onto compo- CH ca
nents by mathematical resolution applying the least square ' ' ' ‘ ‘

fitting method and mixed Gaussian—Lorentzian function. 4000 3400 2800 2200 1600 1000 400

Wavenumbers cm ™
The changes of absorbance at chosen wavelengths, corre-

sponding to different polyenes, were calculated from UV-Vis Fig 1. FTIR spectra of initial samples (before UV-radiation):PVC, PVAL
spectra. and their blends (40/60 and 80/20 describe the molar ratio PVC to PVAL).
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Scheme 1. Interactions between PVC and PVAL.
1600-1800 cm?) are detected in all polymeric films, which It was not found another good common (for both poly-
indicates the presence of impurities. mers) solvent with higher volatility.

In PVAL, the presence of €0 is the results of non-
complete removing of acetic groups because PVAL is
made by indirect method from polyvinyl acetate (PVAC)
by hydrolysis. As was estimated, deacetylation degree in
our PVAL is 91%, which means that significant content
(9%) of acetic groups still exist in this polymer. In fact,
we have copolymer, in which carbonyl groups from PVAC
fragments also participate in photochemical reactions.
These reactionfl2—14] and their influence on PVC were
previously described in literatuf&5].

In spectra of PVC/PVAL, some small shifts of absorption
bands were found, which suggest macromolecular interac-
tions between blend components. Chlorine atoms in PVC and
oxygen atoms from OH in PVAL are strongly electronega-
tive, thus, mutual interactions between both polymers can be
expected $cheme L

3.3. Influence of UV-irradiation

UV-irradiation of samples causes the changes in all FTIR
spectra. Main differences were observed in carbonyl and hy-
droxyl range, which is an evidence of photo-oxidative degra-
dation. Total amount of carbonyl groups calculated as integral
intensity (area of €0 absorption band), changes irregularly
with irradiation time in most samples. Thus, for better expla-
nation of process observed, the mathematical resolution of
complex band (at range 1600-1800¢cihonto components
was done. An example of such resolved spectrum is shown
in Fig. 2for exposed PVAL.

The number of band components was deduced from the
second derivative of spectrum. The interpretation is based on
the following assumptions:

3.2. Solventresidues in PVC/PVAL blends (a) band at 1735 crt, which is present only in PVAL and

in PVC/PVAL blends, whereas is absent in PVC alone,
is attributed to ester groups (residual from polyvinyl ac-
etate);

In all samples solvent residues are present because DMF
(having a high boiling temperature = 153 and high vis-
cosityn = 0.924x 10° Pa §[16]) is difficult to remove from . .
films even after long drying at elevated temperature and in (b) band at 1675 cm is dug to solvent readug—the spec-
vacuum. Further increase of drying temperature is dangerous trum of pure DMF pontallns the same peak;
because simultaneously thermal decomposition of polymers () band at 17_10 e is as_s'gf‘ed to new carbonyl groups.
can start. Owing to its chemical nature (polar, aprotic) DMF formed during photooxidation (ketone and/or aldehyde);
is good solvent for polar and non-polar substances and ex-
hibit unlimited solubility with water and organic solvents. It
exists in two resonance fornfis7]:

H,;C H H:Q\e H
H3C> N'C<O — H3C> N=C<Oe
Because of unsharing electron pair on nitrogen atom, it

acts (similarly to amines) as electron donor. It cannot form
hydrogen bonds because it has no a hydrogen atom that is
attached to an electronegative element (N or O). Moreover,
DMF is known as quencher of singlet oxygen. Recently, one
found that DMF behaves unexpectedly in process of fluo-
rescence quenching in various donor—acceptor syqterhs
Because of absorption of 254 nm radiation, DMF photolyses

[18], therefore, the influence of it de_composition products on Fig. 2. Resolution of complex carbonyl band of PVAL after 6h UV-
PVC/PVAL blends have to be considered. irradiation.

Absorbance

1800 1750 1700 1650 1600
Wavenumbers cm ™'
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Table 1 TN
The changes of area of carbonyl band component formed during photoox- 2401 PVC , g " .
idation (maximum at 1700 crit) and total area of carbonyl complex band 200 - A
(calculated at 1600-1800 cth range) in PVC, PVAL and some of their o y
blends after different irradiation time < 160 - \© 8020
Amount of Time of Relative area of Total area of 3 \ 40/60
PVC in blend irradiation (h) 1710 cnttpeak C=0 band g 120 1
=
(%) % 80 | ® R
100 0 000 000 < e N PYA-
1 8614 10325 401 = e
2 4245 2734 R—— A A e
3 7307 8368 0 ; ; ; ; ‘
4 18085 15861 0 1 2 3 4 5 6
5 25112 23639 Time of irradiadion [h]
6 21588 20039
80 0 000 000 Fig. 3. Relative changes of carbonyl band component at 1714 tanPVC,
PVAL and their blends versus irradiation time; 40/60 and 80/20 describe
1 2165 2652 . : .
5 3201 2913 the molar ratio PVC to PVAL; relative are (%) was calculated according to
formula:AS=[(§ — $)/S] x 100%, wherés andS are integral intensities
3 4678 3946 of carbonyl band afterirradiation time and before irradiation, respectivel
4 6512 5007 Y 1esp Y-
5 12202 12178
6 9519 6996 also simultaneous photocrosslinking because formed three-
40 0 Q00 000 dimensional compact network makes difficult the oxygen dif-
1 17.09 1226 fusion to polymer bulk.
2 5446 3339 One can point out that similar conclusion can be drawn
i 3‘1"'22 1252 on the base of total carbonyl group amoufiaffle ) but
5 9893 1022 cha_mggs in this case are Iggs regulgr (positive and negative),
6 5061 _218 which indicate the competitive reactions. Thus, the complex
0 0 00 00 band decomposition is necessary to find the real behavior of
1 2396 _1583 system upon UV-irradiation.
2 2262 1502 The slowest and less efficient photo-oxidation was found
3 1809 —35.89 in origin PVAL. Probably, the different types of hydrogen
‘5‘ ég?‘j —%22 bonds in this polymer reinforce its structure and also impede
6 097 :46'10 the oxygen diffusion to macrochai®¢heme 2

Another possible reason is protection of polymer by the
carbonyl groups from vinyl acetate units, which absorb UV-
(d) band at 1655 cmt is due to single or conjugated double  radiation and can dissipate excitation energy in physical, non-

bonds (also carbonyl coupled with=C) formed as a  harmful processes (such as luminescence or internal conver-
result of photodehydrochlorination. sion).

This assignment was supported by literature data Process ofdouk_JIe bond formation is very efficient i_n PVC
[9-11,19] and its blends, which was concluded on the base of increase

1 .
The relative changes of total carbonyl band area (calcu- of 1655 cnT* band component. These results are confirmed

lated on the base of integral intensity) and component at-
tributed to carbonyl groups as a result of photo-oxidation are
listed inTable 1
As can be seen, photo-oxidation (concluded on the
changes of absorption band at 1710dnis most efficient
in UV-irradiated PVC, whereas this process seems to be
somewhat hampered in the blends after prolonged exposure
(Fig. 3.
This retarding effect is clear ifig. 4for samples contain-
ing more than 50% PVC (negative deviation from predicted
additive behavior — straight, dashed line). -50
It can be caused by fast recombination of macroradicals
from both polymers by mobile small radicals formed either
in PVC (H’ Cl, HO) or "_1 _PVAC (C_H3C_OO.’ CHCO", . Fig. 4. Experimental dependence of carbonyl group amount (component
*CHs), which leads to efficient termination of decomposi-  pand with maximum at 1710 cnd) formed after 6 h UV-irradiation vs. blend
tion. Another reason of oxidation retarding in that case can be composition (—) and dependence predicted on the additivity rule (- - -).

Relative area [%)]

0 20 40 60 80 100
Amount of PVC in blend [%)]
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Scheme 2. Different types of hydrogen bonds in PVAL (A—intermolecular, B—adjacent, intramoleular, and C—non-adjacent intramolecular).

by analysis of GCl bands at 500-780 cm range but more 1.6
detailed analysis of photodehydrochlorination was done on 1,4 |
the basis of UV-vis spectroscopy (section 3.4). 1.2

The band assigned to=© from solvent (1675 cmt) sys-
tematically decreases during sample exposure to UV, which
indicates that DMF is slowly evaporated or decomposed. To
check, if the DMF photolysis takes place, the experiments
with pure solvent was carried out. For this purpose DMF 0,4
(dissolved by water or methanol) was UV-irradiated and ab- 0,2

1 4

Absorbance
fee)

o o

6_.

sorption spectra (both FTIR and UV-vis) were taken after o] . : : : :
each 10 min period. It was found that during DMF irradiation 0 1 2 3 4 5 6
(in closed system) slow changes of absorbance of carbonyl Time of irradiation [h]

band were observed in both FTIR and UV-vis spectra after

some induction period. Thus, residual DMF can influence the Fig. 5. Changes of absorbance at 278 nm (corresponding to four to five num-
photochemical processes in polymers, but its effect should peber of double bonds) in PVC, PVAL and their blends during UV irradiation.
similar in all studied specimens, which were obtained by the (>400 nm) is responsible for color changes (yellowing) ob-
same method (assuming the identical solvent concentrationserved visually.

in films of the same thickness). Analysis of UV-vis spectra leads to conclusion that
PVC is very susceptible to photodehydrochlorination but
3.4. UV-vis spectroscopy results abstraction of OH groups in PVAL with simultaneous for-

mation of double bonds is imperceptible. Unexpectedly, in
The absorbance increase in whole UV-vis region was ob- &ll PVC/PVAL blends process of chromophores formation is

served for all samples during UV-irradiation, but new clear more efficient than in PVC alon&igs. 5 and
bands are not created. It is caused by overlapping of various Acceleration effect is especially efficient in blends con-
bands (more overlapping bands, less clear maximay). For com-&ining 40% or more PVC. Probably, mutual interactions fa-
parison photochemical reactions leading to chromophoresc'“ta'Fe PVvC dehyd'rochlor|nat.|on (which is chain react|on)
formation, the changes of absorbance at wavelengths of 2572@nd induce formation of conjugated double bonds also in
278, and 425nm were chosen and plotted against irradia-P VAL phase.
tion time for PVC and its blends with PVAL. According to 1
literature, these values can be assigned to polyenes contain-
ing three, four to five and nine conjugated double bonds, 0,8 |
respectively[20]. For elimination of background, which is
somewhat different in blends with various molar ratio, the 0.6 1
absorbance at 800 nm was substracted from absorbance meaZ
sured at given point. 0.4
The representative results for UV-irradiated samples are 024
presented irfFig. 5. iy
The highest changes were observed for absorbance at : i : :
lower wavelength values, i.e. for short polyenes. The rea-
son is not only high concentration of groups—chromophores
absorbing here can have higher molar absorption coeffi-

cient, moreover, in this region also carbonyl groups ab- Fig. 6. Dependence of changes of absorbance at 278 nm after 2h and 6 h
sorb (at 270-280 nm). The absorbance at longer wavelengthv-irradiation vs. blend composition.

20 40 60 80 100
Amount of PCV in blend [%]
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Table 2
Number and weight average molecular weighig,( M) and polydispersity indexPy = My/My) for PVC, PVAL and their blends before and after UV-
irradiation

Time of irradation (h) Amount of PVC in blend (%) My My, P4 AMy (%)? AMy, (%)2

0 100 24000 60600 .32

1 100 17300 56100 .34 27.92 42
90 17300 52100 81 27.92 1403
80 11600 39500 40 51.67 3482
70 15100 38200 B3 37.08 306
60 9700 32600 36 59.58 4620
50 13700 33600 25 42.92 4465

2 100 11300 54400 .81 52.92 1®@3
90 10300 42600 44 57.08 2970
80 9600 35900 34 60.00 4076
70 10700 39500 B9 55.42 382
60 9100 27400 Bl 62.08 5479
50 9800 33400 31 59.17 4488

4 100 10700 43500 .a7 55.42 282
90 9600 71300 A3 60.00 —017.66
80 11100 61000 50 53.75 —0.66
70 12500 56000 48 47.92 9
60 13300 52600 35 44.58 120
50 9800 48000 490 59.17 2079

6 100 5400 37800 .00 77.50 3%2
90 8400 51300 a1 65.00 185
80 8000 87900 109 66.67 —45.05
70 10000 107300 123 58.33 —77.06
60 8100 54600 g4 66.25 N0
50 11900 75400 B84 50.42 —24.42

a Percentages changesMf, and M., were calculated as followingA M (%) = [%] x 100, whereM (0) andM((r) are the average molecular weight
before irradiation and aftétime of irradiation.

The changes of absorbance at other wavelengths show thd'HF) for PVC and blends with its major content are listed in

same trend and lead to the same conclusions. Table 2(results concern soluble fraction after gel separation).
Data indicate that, in our conditions, very efficient chain
3.5. GPC results scission takes place in PVC. In blends with high amount of

PVC (50-90%)), this process is even accelerated at short irra-
Two sets of GPC experiments with different chromato- diation time (1-2h). Itis clearly seen on the basahf and
graphic columns and solvents were carried out: M, percentage changes (two last column$able 2.

(a) PVC and blends with prevalent amount of PVC (mini-
mum 50%)—in THF.

(b) PVAL—in water. Table 3
Gel amount formed during UV-irradiation in PVC, PVAL and their blends

Molecular weights of both starting polymers differ sig- (estimated by extraction in DMF)
niﬁcantm In PVC—M, = 24,000, whereas is two-fold in  Amount of PCV in blend (%) Time of irradiation (h)
PVAL: My = 55,300. Moreover, PVAL is characterised by
higher initial polydispersity (7.3) than PVC (2.5).

It was impossible to estimate average molecular weight of

1 2 6

Amount of insoluble gel in blend (%)

PVAL in blends even in case of dominant amount of PVAL 100 18 30 47
(>50%) because of great amount of gel formed after irradi- 90 27 30 49
ation. Even if some part of uncrosslinked PVAL remains in 80 59 63 73
composition, macromolecules can be entangled and nonex- go Sg ;g gg
tractable. In pure PVALM  decreases systematically during g 80 80 86
exposure to UV buds,, and polydispersity index increases, 40 89 89 90
which is an evidence that radical recombination occurs also 30 83 87 87
in sol part. 20 87 87 89

Number and weight average molecular weigMs{ M) 10 gg gg gg

and polydispersity indexM /M) obtained from GPC (in
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After prolonged exposure (>2h), average molecular 100
weights change irregularly{,, sometimes even increases).
Further decrease of,, andM,, is observed in PVC alone (af-
ter4—6 h) butin blends probably competitive reactions such a:
macroradical recombinations became important. This fact i
confirmed by increase of polydisperity during irradiation—it
means that besides of chain breaking also their lengthening
takes place.

4

80 A

" n
Amount of insouble gel [%]
N
o

N
o
L

3.6. Insoluble gel 0

0 20 40 60 80 100
Insoluble gel is formed resulting of photocrosslinking. In Amount of PCV in blend [%]
this experiment samples were extracted in DMF, which is
common solvent for both initial polymers. As can be seen
from Table 3 almost all PVAL becomes insoluble just after
1h UV-irradiation, whereas in PVC amount of gel increases
systematically with exposure time but even after 6 h does not macrochains facilitating intermolecular bonding with simul-
exceed 50%. taneous elimination low-molecular products (preferentially
One can deduce that photocrosslinking in PVC/PVAL water and hydrochloride).
blends is accelerated comparing to pure components because Moreover, the recombination between various macrorad-
all experimental points lies above straight line (dashed) cal- icals formed in primary photoreactions also leads to three-
culated on the base of additivity rulEi. 7). dimensional insoluble network (including branching), where
Efficient crosslinking in PVAL §cheme 3) and it blends fragments of both polymers can be built. This way, grafted
(Scheme B) can be explained by privileged arrangement of copolymer is formed%cheme &).

Fig. 7. Changes of gel amount formed after 2h and 6 h UV-irradiation vs.
blend composition.

v [ + H,0 +HCI
WA —(f«www
L

©)
CH,-CHCE-CH-CHC ww CH,-CHCECH-CHC
+ D 2

e CH, CHOHL CH, wwC Hy-CHOH-CH,-C Hiowwwe

or  wwweCH,-CCLCH,-CHCl e
+ —_—
wwvCH,-CHOH-CH, wwwCH,-CHOH-CH,

st CH,-CCLCH,-CHClwwe

Scheme 3. Some possibilities of photocrosslinking in PVAL (A) and PVC/PVAL blend (B and C). A and B—bimolecular reactions; C—recombination of
macroradicals.
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+CHO
— MO om + H2C>ﬁ8 i Hz >NH
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Scheme 4. Photolysis mechanism of dimethylformanfil}.

It should be added, that sometimes even linear, un-
crosslinked polymers defy dissolution. It can take place
in case of very long and entangled macrochains. Thus,
crosslinking is only one reason of the lack of solubility.

3.7. Discussion of mechanism of photo-oxidative
degradation and effect of solvent residues

The starting point for discussion of mechanism of photo-
chemical reactions in PVC/PVAL blends is behavior of ori-
gin components during UV-irradiation. The photo-oxidative
degradation either PVC or PVAL is based on free radical
mechanism1-3]. The residual impurities (solvent traces)
and structural defects present in both polymers are responsi-
ble for initiation of their decomposition.

The detailed reactions occurring in UV-irradiated PVC
[1,2,21]and PVAL[22,23]individually were described pre-

viously and it is not necessary to repeat them here. We want

only to explain the reason why photochemical reactions in
PVC/PVAL blends are not additive processes.

First main factor influencing the course of photoinduced
processes is PVC/PVAL is mutual interactions between

macromolecules of both types. As was suggested, resulting

of mixing of polymeric components, the hydrogen bonds in
PVAL (Scheme Rare partially destroyed and new bindings
are formed resulting of interactionS¢heme L. More or less
regular arrangement of macrochains makes easy the abstrac
tion of side substituents: Cl atoms from PVC, OH groups
from PVAL and H atoms from both polymerS¢heme 3

and B). It can explain higher efficiency of some photochemi-
cal reactions (such crosslinking, PVC dehydrochlorination).

The influence of solvent residues cannot be neglected. The

photolysis mechanism of DMF was proposettiieme %
[18].

The breaking of NC bonds and formation of aminyl rad-
icals is the first step of DMF decomposition. Then, in reac-
tion with atmospheric oxygen, nitroxyl radicals are formed

of disproportionation, dimerization and reduction processes.
Simultaneously, formation of hydroxy (H@and hydroper-
oxy (HO®) radicals, which further initiate degradation of
polymers, can take place. However, nitroxyl radicals (2INO
should rather play stabilizing rolg,24,25] The traces of
DMF present in film can also plasticize of composites and
somewhat improve the compatibility of both polymers.
Finally, the influence of viny acetate units (9% in PVAL)

H. Kaczmarek et al. / Journal of Photochemistry and Photobiology A: Chemistry 171 (2005) 187-195
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Scheme 5. The main interactions in PVC/PVAL blends during photo-
oxidative degradation.

PVC and PVAC blends or copolymers mutual destabilization

was observe(l5,26,27] It was explained by catalysing ef-
fects of acids (HCI from PVC and GEOOH from PVAC)

evolved during degradation. In our blends, the effect of vinyl
acetate units is most important in blends with higher amount
of PVAL. In blends with lower PVAL amount, also vinyl
acetate concentration is very low. However, even very low
content of absorbing groups is enough for photosensitizing
processes. It is necessary to remind that PVC and PVAL
are immiscible polymers, in which separated domains of
both components are present. Residual PVAC units can im-
prove miscibility of PVC and PVAL because its solubil-
ity parameter §pyac = 9.59 (cal/ci)¥?) is near value for
PVC (pvc=9.38-9.45 (cal/ci)1/?). Solubility parameters
of PVAL (8pvaL = 12.60 (cal/cri)X/?) differs fromspyc and

Spvac but is close to DMF{pur = 12.1 (cal/crmi)?) [28].

Summarizing our results, we can propose the mecha-
nism of photo-oxidative degradation of PVC/PVAL blends
(Scheme b

All macroradicals and small radicals formed in one poly-
mer can induced reaction in the same or in the second compo-
nent. Moreover, mutual reactions (cross-reactions) between
degradation products are also possible. The small excited
molecules or radicals are very active because of their great
mobility. Thus, they can easily diffuse to deeper layers of

gponmer film and cause further secondary reactions. The ex-

cited macromolecules and macroradicals react at the same
place where were created (cage effect) or in the close neigh-
borhood (it depends on segmental flexibility).

4. Conclusions

On the basis of above results, one can conclude that photo-

should be considered. In thermal and photodegradation ofchemical reaction in PVC/PVAL blends depends on sample
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