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Abstract

This article included the photostabilization study for poly(vinyl chloride) by using newly
stabilizers derived from [1,1 -Bis (4-aminophenyl)-4-Phenyl Cyclohexane] as additives against
photodegradation. For that purpose, many samples (films) has been prepared by adding additives to
the poly(vinyl chloride) with different weight percentages from additives and by different thickness.
The photostabilization activities of these compounds were determined by detecting the carbonyl
group (The position of carbonyl absorption is specified at 1724-1770 cm™) with irradiation time.
The absorption  spectra of poly vinyl chloride films were followed using Shimadzu
Spectrophotometer Also, change the viscosity of the average molecular weight and the degree of
deterioration (a) and the average number of chain scission (s) was studied .We found through
results that the rate of photostabilization in the presence of additives follows the following trend:-

C4 >C3>C2>C1>PVC
UV absorption peroxide decomposer, for mechanisms haven been suggested according to
experimental results obtained. [DOI: 10.22401/JNUS.21.3.07]
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\. Introduction: chemical engineering, transportation and
Photochemical reaction is a reaction that packaging [6,7] When exposed vinyl chloride
initiated using absorption off light. Then polymers too light at 250-350 nm typical
reaction may then begin with or without signs off degradation appears in polymer
incessant irradiation. The photochemical samples [8] and include the following.
reaction arises from the absorption of light, physical properties such ass loss of impact
which places the reactant molecules into an strength, changes in color, cracking, loss of
excited state. These molecules may then elongation and tensile strength or chalking off
experience a variety of subsequent reactions to the surface. For example, garden chairs lose
products formation [1]. This reactivity is their gloss and become brittle, the color of
usually not observed in then ground state, i.e. stadium seats appears chalky and some plastics
when no light has been absorbed, on the other will be yellow and cracked.
hand, very slow thermal reactions may occur To avoid degradation plastic when UV
[2]. It is widely recognized that ultraviolet light absorbed are used UV stabilizers have
radiation (UV) in sunlight (wavelengths been developed and are added to a polymer to
between 280 nm and 400 nm) is an important inhibit the photoinitiation processes. There are
factor causing photodegradation too some three types: Ultraviolet Absorbers, Quenchers
organic polymers such as poly vinyl chloride and Hindered Amines Light Stabilizers
[3]. UV radiation causes photo oxidative (HALS). Organic compounds such as
degradation which results in breakdown of benzophenones and benzotriazoles are typical
polymeric (C—C) bonds, and produces free absorbers which selectively absorb the UV and
radical and reduces the molecular weights, re-emit at a less harmful wavelength [9]
causing deterioration off mechanical properties The photostabilization off PVC was
and leading too useless materials, after an studied using a new heterocyclic compounds
unpredictable times [4,5] Poly(vinyl chloride) containing  1,3-oxazepine and  1,3,4-
is ones of then important commercial oxadiazole, heterocyclic compounds stabilizes
polymers, commonlys used in many industrial PVC by various mechanisms. for examples
fields which including electronic, architecture, UV absorber, screener or by radical scavenger.
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These stabilizers provide good long-term
stability and are usually referred to these
mechanisms [10-13].

In this article, four compounds of diamine
derivatives have been synthesized by the
method previously described by Nief et al
[14]. and studied their wuses as a
photostabilizers for poly(vinyl chloride).

2. Materials and methods:
2.1. Materials:

1,1 -Bis(4-aminophenyl)-4-Phenyl
Cyclohexane (C1), 4.4'-((((4-
phenylcyclohexane-1,1-diyl)bis(4,1-
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phenylene))bis(azanylylidene))bis(methanylyli
dene)) dibenzaldehyde (C2), 4,4-(((4-
phenylcyclohexane-1,1-diyl)bis(4,1-
phenylene))bis(4,7-dioxo-2,3,4,7-tetrahydro-
1,3-oxazepine-3,2-diyl))dibenzaldehyde (C3),
4,4'-(((4-phenylcyclohexane-1,1-diyl)bis(4,1-
phenylene))bis(1,5-dioxo-1,3,4,5-
tetrahydrobenzo[e][1,3]oxazepine-4,3-diyl))
dibenzalde (C4) were prepared by the method
previously described by Nief et al [14].

Table (1)
Symbol, name and structural formula of compounds.

Symbol
Compound

Structural Formula of Compound

Name of Compound

C1

1,1 -Bis (4-aminophenyl) -4-Phenyl
Cyclohexane

C2

4,4'-((((4-phenylcyclohexane-1,1-diyl)
bis(4,1-phenylene)) bis(azanylylidene))
bis(methanylylidene)) dibenzaldehyde

C3

4,4'-(((4-phenylcyclohexane-1,1-diyl)
bis(4,1-phenylene))bis(4,7-dioxo-
2,3,4,7-tetrahydro-1,3-oxazepine-3,2-
diyl)) dibenzaldehyde

C4

4,4'-(((4-phenylcyclohexane-1,1-diyl)
bis(4,1-phenylene))bis(1,5-dioxo-
1,3,4,5-
tetrahydrobenzo[e][1,3]oxazepine-4,3-
diyl))dibenzaldehyde

2.2. Irradiation Experiments:
2.2.1. method of preparation Films:
Solutions of poly(vinyl chloride) (PVC
supplied Company in Turkey by Petkim)
(0.5% wl/v) in tetrahydrofuran (THF) as
solvents were wused to prepare (40um)
thickness of polymer films. The films were
prepared by evaporation technique at room
temperatures for 24 hours, to remove the
possible residual tetrahydrofuran solvent.
After the PVC solutions were prepared, and
poured into glass frame. This frame was made
by glue the laboratory glass’s slides onto a
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piece of regular glass, to obtain small sinks,
their volume is (4 ml).

After then evaporation off solvent, that’s
led to formation of polymer films. The
thickness of these films is about (40 pum), these
films were paste onto cartoon papers, these
papers contain hole in dimension (2x2cm).

2.2.2 Accelerated Testing Technique:

An accelerated weather-meters Q-panel
Laboratory ultraviolet (QUV;  Q-Panel
Company, Homestead, Florida, USA) for
irradiation of poly vinyl chloride films and
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provided by Q-plate company. The accelerated
weathering test containse a stainless steel
plate that has one hole in the back side and two
others in the front. Each side contains lamp
(type Fluorescent Ultraviolet Lights) 40 Watt
each (Q-Panel Company), giving wavelength
range between (250 to380 nm) and the
maximum wavelength light intensity is at
(6.4*10-7 Ein dm-3 S-1).The poly vinyl
chloride films were fixed parallel to the lamps
and vertically too make sure that UV incident
radiation is perpendicular on the samples, the
irradiated films were rotated from time to time
to ensure that the intensity of light incident on
all samples is the same. The distance between
then polymer films and the source was (10
cm)[15].

2.2.3.Photodegradation measuring methods:

The photodegradation of poly vinyl
chloride film were followed using Shimadzu
Spectrophotometer. Then absorption spectra
off poly vinyl chloride films were recorded in
the range of (4000-400) cm-1.The position of
carbonyl absorption is specified at (1730 cm-
1) [16,17]. The progress of photodegradation
through different irradiation times were
followed by noting changes in carbonyl peaks.
Then carbonyl indexes (ICO) were calculated
by comparison off the FTIR absorption peaks
at 1722 cm-1 with reference peaks at (1328
cm-1), respectively. This method is called
band index method which includes as equation

(1).

As
I, = A s @
where: As= absorbance of the band under

study.
Ar= absorbance of the reference band.
Is= group index under study.

[The actual absorbance difference between
the absorbance of the highest peak and the
baseline (A Top beak-base line) is calculated
using then baseline method [18], [19].

2.2.4. Viscosity —Average Molecular Weight
Determination:

The intrinsic viscosity, n as function of
average molecular weight, M is represented by
Mark-Houwink-Sakurada equations (2)[20—
22].
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where K and a are constants for a given
polymer—solvent—temperature system.

Intrinsic viscosity was examined using the
U-tube Ostwald viscometer which allows the
reading of flow times of the polymer solution
(t) and the solvent is pure(to). the following

viscosities were determined using then
equation given;

Relative viscosity, nrel = t/to ...........cc....... (3)
Specific viscosity nsp = (t/t0)-1 ................. 4)

intrinsic viscosity, 1 =(\2/ ¢)( nsp — nre )1/2

The quantum yields of main chain scission
(pcs) was calculated from  viscosity
measurement using the following relation [23].

(dpes)=(CA/ Mv,0)[([n0)/[n]1/a-1]/lot ....... 6)

Where: C=concentrations; A = Avogadro’s
numbers; (Mv,0)= the initial viscosity
averages molecular weights; [no] =Intrinsic
viscosity of PVC polymer before irradiation;
lo=Incident intensity (6.4*10-7 Ein. dm-3.s-1)
and t = Irradiation time in second.

3. Results and Discussion

Compounds [C1-C4] were wused as
additives for then photostabilization off PVC
films. The irradiation of PVC films with UV
light at wavelength=313 nm, led to appearance
of bands at (1770 cm—1) and (1724 cm—1) was
attributed to the formation of carbonyl groups
related to carbonyl compounds such as
(chloroketone and aliphatic ketone). [24]

The carbonyl index was monitored as a
function off irradiation times using FTIR
spectrophotometry.

The PVC films was irritated produced a
clear change in the FTIR spectrum. Fig.(1)
show then change in IR-spectra of PVC film
without additives and in the presence of 0.5 %
additives respectively.
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Fig.(1): FT-IR Spectra of PVC samples stabilized with 0.5% (C4) at (40 um thickness) under UV
degraded for different exposure time.

The changes¢ in the intensities off the
stretching absorptions bands of the carbonyl
group was used to follow then extent off
polymers degradation during irradiation,
because then intensities off these bands are
directly proportional to< the extents of
degradation [25]

Results figures (2-5) show that the
carbonyl index (ICO) are decreasing with
increase weight ratio concentration of
additives and  shown that additive
concentrations of 0.5% by weight gave« the
best results.
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Fig.(2): The relationship between the
carbonyl index and irradiation time for PVC
films (40-um thickness) with different
concentration (0.1-0.5% for C1 additive).
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Fig.(3): The relationship between the
carbonyl index and irradiation time for PVC
films (40-um thickness) with different
concentration (0.1-0.5% for C2 additive).
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Fig.(£): The relationship between the
carbonyl index and irradiation time for PVC
films (40-um thickness) with different
concentration (0.1-0.5% for C3 additive).
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Fig.(®): The relationship between the
carbonyl index and irradiation time for PVC
films (40-um thickness) with different
concentration (0.1-0.5% for C4 additive).

The photodegradation rate off PVC films
was studied in different thickness of
(40,70,100 pum) without and with fixed
concentration of (0.5%) of additive. The
relationships between then carbonyl index
with irradiation time are shown« in figures
(6-9). The results shown in figures (6-9)
indicate that the rate of photo-oxidation
(carbonyl index) at fixed irradiation time
steadily decrease with the increase of film
thickness for additive used and so dose that of
the PVC control.Fig.(9) show the relationships

Vol.21 (3), September, 2018, pp.61-69

65

Science

between the carbonyl index (ICO) with
thickness film which indicate the decrease of

photodegradation with the increase of

thickness of the film.
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Fig.(6): The relationship between carbonyl
index and irradiation time for PVC films with
thickness (40 ym ) and that containing 0.5
wt% of additives.
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Fig.(7): The relationship between carbonyl
index and irradiation time for PVC films with
thickness (70 um ) and that containing 0.5
wt% of additives.
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Fig.(8): The relationship between carbonyl
index and irradiation time for PVC films with
thickness (100 um ) and that containing 0.5
wt% of additives.
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Fig.(9): The relationship between carbonyl

index and film thickness (um) for PVC film

at 250 (hrs) irradiation time containing 0.5
wt% of additives.

Also the average molecular weight«of the
polymer degradation was calculated by
viscosity measurement using equation (2)
[K=1.5x10-2g/ml, a'=0.77] and THF a solvent
at 250C. When PVC films (with or without
additive) are exposed to irradiation the
intrinsic  viscosity and viscosity averages
molecular weight decrease with the increase of
irradiation time. Fig.(10) shows the change in«
the molecular weight Mv, of PVC films¢ with

66

Hussein N. salman

and without additives after irradiations with
(0.5%) of additives.

The number of average chain< scission
(average number cut per singles chain) (S) was
calculated by using the equation (7).

M,, and M, are the viscosity average:
molecular weights before and after irradiation
respectively.

The plot of (S) versus time« is shown in
Fig.(11). The relation indicates an increase: in
the degree of branching which might arises
from crosslinking occur.

The degree off deterioration (o) changes
with time according to the« following equation
(8). -

o=—32S
My o

Where m and M,, are the molecular«
weights of thee monomers and polymer before
irradiation respectively. The plot of o as a
function off irradiation times is shown¢ in
Fig.(12) The curves indicate thatc the
degradation is taking place by the random
breaking of bonds in the« polymer chain.
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Fig.(10): Change in the viscosity average molecular weight (M,, ) during irradiation of PVC films
(40um in thickness) (control) and with -. % of additives.
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Fig.(11): Change in the number average chain (S) during irradiation of PVC films (40pum in
thickness) (control) and with 0.5% of additives.
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Fig.(12): Change in the degree of deterioration (a) during irradiation of PVC films (40um in
thickness) (control) and with 0.5% of additives.

The quantum yield of chain scission ( @) film without additive and PVC films with

was determined by using equation (6) and it (0.5% wt/wt) of additives.
tabulated as shown in Table (2) for PVC
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Table (2)

Quantum yield (Pcs) for the chain scission
for PVC films (40 pum) thickness with and
without 0.5 (wt/wt) additive after 250 hrs.

irradiation time.

Quantum yield of main
chain scission (®cs)
9.24

4.24

1.785
1.106
0.535

The (dcs) values for PVC films without
additives are more than that in the presence of
additive which increases in then following
trend :-

PVC >C1 >C2 >C3 > C4

According to then experimenta results
obtained some of the mechanics were
proposed. Schemes (1), (2).

Scheme (1): The suggested mechanism of
photostabilization of PVC Schiff bases
compound as UV absorber[26].

Scheme (2): Suggested mechanism of
photostabilization of PVC by 1,3-oxazepine
ring as UV absorber[26].

Are selected compound (C2) with two
different atoms of different electronagativity
and polar compound explain the attraction
between stabiliter and poly vinyl chloride
scheme (3).
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Scheme (3): Suggested mechanism of
Photostabilisation of PVC by compound (C2)
through the interaction between PVC and
Schiff base [10].

4. Conclusion

The levels of photodegradation of (PVC)
films containing the additives (0.5%; by
weight) was reduced, with effectiveness of the
additives in the order C4 > C3 > C2 > C1 >
PVC. For the most favorable additive (C4), the
growth of the carbonyl index was reduced in
comparison with the PVC without additive.

It is suggested that then additives may:«
help stabilizer PVC through UV absorption or
screening, peroxide decomposer and radical
scavenger mechanisms. The derivatives were
found to be the most efficient in
photostabilization process according to the
photostability and mechanisms mentioned
above.
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