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Abstract The effects of natural and artificial weathering on mechanical properties of Chlorinated
Polyvinyl Chloride (CPVC) pipe material are investigated. Tensile specimens, prepared from
locally manufactured CPVC commercial pipes (4-in Schedule 80) were exposed for periods ranging
from 2 weeks to 18 months in the harsh weather conditions of Dhahran, Saudi Arabia. The
accelerated artificial weathering was carried out in the Q- Sun Xe-3-HS Xenon Test Chambers for
periods ranging from 100 to 3000 hours. Standard tensile tests were performed before and after
exposure. The tensile test results show that natural and accelerated artificial weathering had limited
effects on the tensile and fracture strengths and modulus of elasticity of the material. However, the
deterioration of the fracture strain is noticeable for exposure periods as short as 15 days of natural
exposure and 100 hours of artificial UV exposure. Visual analysis of exposed specimens revealed
that both types of exposures resulted in the discoloration of the specimens.

Introduction

Chlorinated Polyvinyl Chloride (CPVC) is a thermoplastic produced by chlorination of Polyvinyl
Chloride (PVC) resin. The basic molecular building blocks of the CPVC molecule are chlorine,
derived from salt, and ethylene, which comes from oil or natural gas. CPVC piping systems have
been installed and operated since 1959, and initial installations are still performing faultlessly [1].
The effect of adding more chlorine to the PVC molecule is to primarily raise the glass transition
temperature (Ty) of the base resin from 95°C to the 115-135°C range [2, 3]. But CPVC pipes like
most thermoplastic pipes with sufficient good quality UV screens and heat stabilizers have
sufficient weather resistance to withstand normal exposure that occurs before installation. This
resistance depends on the ambient temperature, humidity and geographical location. Jakubowicz [4]
found that the relative durability of PVC materials in different outdoor exposures can be very
different depending on the variation in UV radiation, temperature, time of wetness, pollutants and
other factors at various locations. The high intensity of solar radiation and the long period of
sunlight exposure coupled with temperatures reaching 50°C in summer are ingredients that can
cause the breakdown of PVC and CPVC pipes used in Saudi Arabia [5, 6]. The extents of
degradation of the PVC pipe exposed at the Dhahran (Saudi Arabia) sites were compared to those
exposed in Florida [5]. For instance, the tensile strength of white poly(vinyl chloride), PVC, pipes
exposed for 24 months in Dhahran decreased by 43% while an exposure of the same duration in
Florida resulted in only a 26 percent decrease in the property [5]. Merah [6] has found that among
the CPVC tensile properties that are most affected by natural weathering for 9 months is the fracture
strain; it was found to decrease by more than 20% after one month outdoors in Dhahran. The
degradation in fracture toughness was found to be similar to that of fracture strain but the yield
strength and the modulus of elasticity were slightly affected by weathering [6]. The service life of
plastics under such harsh conditions is reported to be dramatically reduced [7]. Tong and White [§]
found that photo-oxidation of crystallizing polymers may lead to chemi-crystallization that causes
significant modifications in the residual stress distribution. They noticed that the major effect is the
change in the stress is near the surface which may explain why the tensile strength is not affected.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 196.15.52.100-17/01/13,10:24:58)


http://www.ttp.net

1278 Advances in Materials and Materials Processing

Gonzalez et al. [9] reported that one of the major problems associated with PVC is its sensitivity to
weathering. Furthermore, the presence of oxygen and humidity induces changes in its mechanical
properties. Summers and Rabinovitch [10] found that when air temperature varied in the range of
26°C to 36°C during the period of exposure the surface temperature of plastics exposed to sunlight
can be much higher (by as much as 60°C for common plastics depending on color and thickness)
than that of the surrounding air due to heat build-up. The high temperature is also known to
significantly affect the weathering process of polymer materials [11-13]. Weathering of PVC causes
a decrease in percentage elongation within a short time of exposure [14-17]. Yield strength and
modulus of elasticity of PVC specimens under tensile testing tend to slightly increase over a limited
aging time and will decrease after extended weathering [14-17]. Discoloration of the PVC pipes
was also observed by Ragab and Alawi [14].

The above literature review shows that while PVC has had its fair share of weathering
investigations, very limited work on the weathering of CPVC has been published. In this paper,
natural and artificial weathering influence on the physical and tensile properties of CPVC is
investigated. The mechanisms responsible for the degradation of the mechanical and physical
properties of CPVC are reported in this study.

Experimental Procedure

Tensile specimens were prepared following the procedure described in earlier work [18, 19] and
exposed in Dhahran (26° 32' N, 50° 13' E) in accordance with the general guidelines of ASTM
D1435-99 standard practice for outdoor weathering of plastics [20]. Specimens were exposed in
fixed angle racks such that the area to be tested is facing south at an angle of 45° without backing at
about 1.0 m from a usually dusty concrete ground. The longest exposure period of the samples was
18 months. To evaluate the continuous weathering effects on the CPVC pipe material the samples
were collected after exposure periods of 0.5, 1, 2, 3, 6, 9, 12 and 18 months. The as-received
samples were tested and used as baseline data.

The UV exposure tests were carried out in the Q-Sun Xe-3-HS Xenon Test Chambers equipped
with 6000 W borosilicate glass-filtered xenon arc filaments. The conditions for accelerated UV
exposure are as follows: UV Filter —- DAYLIGHT: Q; UV sensor — 340 nm; Irradiance: 0.5 W/m?;
Humidity: 40% (Minimum); Chamber Air temperature: 40+3°C; Black panel temperature: 57+3°C.
The intensity of radiation source was periodically checked with 340 nm radiometer.

A 50-kN Instron 5569 electromechanical material testing system was used to conduct tensile tests.
The system is equipped with a specialized data acquisition, data reduction and data plotting
software. Tensile tests were performed at room temperature according to the ASTM Standard
D638-01 [21] method of test for tensile properties of plastics at a strain rate of 6x10* s (5
mm/min). A 25-mm extensometer was used to measure the deformation in the gauge length of the
specimen.

Photographs of exposed and unexposed specimen surfaces were taken using a digital camera for
natural and accelerated exposure conditions. Visual observation of the specimens and analysis of
the photographs were used to qualitatively describe the change of specimen surface color due to
exposure.

Results and Discussion

Effect of Natural Weathering on Mechanical Properties

Table 1 illustrates the average values of the tensile properties (modulus of elasticity, E, tensile
strength, 0, , stress at fracture 0, and fracture strain, €,) of CPVC pipe material for natural
exposure periods ranging from 0 to 18 months. The table includes also the number of tests for each
case and standard deviations in the experimental results.
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The insignificant effect of weathering on CPVC ultimate strength is observed. This was expected
given that the damage due weathering is mainly a surface phenomenon [8]. Similarly, the modulus
of elasticity and the fracture strength are found to be slightly sensitive to weathering. The fracture
strain however, experiences an abrupt reduction in value that starts after 2 month of outdoor
exposure (Fig. 1). Despite the scatter in the experimental results, evidenced by the reported standard
deviation, on the average around 20% decrease in the fracture strain is caused by only 15 days of
natural weathering. This reduction reaches 38% after an additional 2 month of exposure. Following
the first month, the average value of the fracture strain remains almost constant. This decrease in
fracture strain is similar to that reported by several researchers for PVC and CPVC [6, 17, 22, 23].
Oxidation may have occurred due to high radiant exposure and increased temperatures of harsh
environment conditions of Dhahran. As fracture strain is generally thought of as measure of
material toughness, its reduction is an indication of lower toughness. Merah [6] showed that fracture
toughness of the material decreased in a manner similar to that of the fracture strain.

Table 1.  Average tensile properties with standard deviation (STDV) of CPVC for different
outdoor exposure periods

Exf[’l‘\’/fg:hgme T of [Mli,a] STDV [M‘;:] stov | 9 |stov| & | stov
[MPa] [%]
0 8 | 28710 {2600 | 470 | 10 | 412 | 14 |213] 43
0.5 4 lase36 | 2762 ] 463 | 11 | 408 | 16 [172] 24
1 3 |33021 | 263 | 481 | o8 | 479 | 07 132 14
2 4 270261232 | 464 | 11 | a26 | 17 [170] 24
3 4 2986|2513 | 479 | 07 | 441 | 12 [16a] 15
6 4 129795 | 1668 | 480 | 07 | 420 | 19 [163]| 16
9 4 | 2s17.6 | 1454 | 468 | 06 | 464 | 09 |128] 20
12 4 27034 | 1584 | 464 | 06 | 464 | o5 [131] 26
18 5 | 28797 | 1saa | 470 | o8 | as1 | 13 |1aa] 17
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Fig. 1. Variation of CPVC fracture strain with outdoor exposure time.
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Effect of Artificial Weathering on Mechanical Properties

Table 2 illustrates the average values of the tensile properties of CPVC pipe material for different
accelerated artificial exposure to UV radiation in the conditions specified above. The table includes
also the number of tests for each case and standard deviations in the experimental results. It can be
concluded from these results that, similar to natural weathering, the effect of artificial accelerated
weathering on the tensile strength, fracture strength and the modulus of elasticity is marginal. The
material however, looses 1/3 of its fracture strain (Fig. 2) after only 100 hours of artificial exposure.
The fracture strain continues to decrease down to about 40% for 300 hours. The present results
given an indication exposure at periods longer than 300 hours seem to bring about less degradation
and even recovery of toughness. The reason for this recovery may be explained by heat induced
material softening that could be expected to occur with prolonged exposure to hot and humid
weather. In general, the reduction in fracture strain (embrittlement) is caused by oxidation brought
about by exposure to UV combined with heat (Temperature 57°C), oxygen and moisture (RH =
40%). Dehydrochlorination is believed to be the photoreaction responsible for degradation of CPVC
toughness observed under these conditions.

Table 2.  Average tensile properties with standard deviation (STDV) of CPVC for different
accelerated artificial exposure to UV radiation

i g £
Exposure Time | No. of E STDV g, STDV 5 | sTDV 5 | sTDV
[Months] Tests | [MPa] [MPa] [MPa] [%]

0 8 2871.0 | 260.9 | 47.0 1.0 41.2 14 |213) 43
100 6 26183 | 2345 | 48.2 0.9 44.6 2.3 1421 53
300 7 2626.2 | 181.6 | 48.0 1.3 423 0.7 1251 29
1000 4 3035.0 | 3454 | 472 1.3 44.4 2.4 15.1) 42
3000 4 27423 | 396.8 | 483 1.1 - 1531 5.7
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Fig. 2. Variation of CPVC fracture strain with UV exposure time.

Effect of Artificial Weathering on Physical Properties
As can be seen from the photographs of exposed and unexposed specimens of Fig. 3 discoloring of
the CPVC samples surface after 100 hours of UV exposure is very light. A significant color change
of the specimen surface starts at the exposure period of 300 hours by the gradual increase in the
tanning of the specimen surface with the color becoming brown (deep tan) at 3000 hours. The
observed gloss loss and deep tan may have been caused by oxidation produced mainly by the
combination of UV radiation, temperature and humidity in the chamber. It has been noticed that the
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surface gloss loss due accelerated artificial weathering is more pronounced than that of natural
weathering causing more severe degradation translated by 33% of reduction in toughness for 100
hours of exposure as compared to 20% for 2 month natural exposure.
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Fig. 3. Discoloring of CPVC specimen surface caused by UV

Conclusions

A large number of tensile specimens were prepared, weathered, tested and analyzed to determine
the artificial and natural weathering effects on the mechanical properties of CPVC pipe material.
The analyses of the results lead to the following conclusions:

Among the tensile properties that are most affected by natural weathering is the fracture
strain which was found to abruptly decrease at short exposure periods (15 days) with longer
exposure periods causing gradual degradation. The yield strength, fracture strength and
modulus of elasticity are slightly affected by natural weathering up to 18 months.

Similar to natural weathering, the effect of artificial accelerated weathering on tensile
strength, fracture stress and modulus of elasticity are marginal. The percent fracture strain
however, shows an abrupt decrease in average value (about 33%) after only 100 hours of
exposure in weathering chamber continuing to decrease to 40% for 300 hours. Similar to
natural weathering exposures at periods longer than 300 hours seem to bring about less
degradation in toughness.

Visual analysis of exposed specimens revealed that both types of exposures resulted in the
discoloration and gloss loss of the specimens with artificial weathering producing a lot more
damage translated by a deep tan of the exposed surface.
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