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Annual Global Radiation

units: KJ/cm? per year

(to get MJ/m?, multiply by 10)

Reference: B. de Jong, Net radiation received by a horizontal surface at the earth, Delft University Press, 1973.
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Broad Band UV Exposure (295-285 nm)
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Energy contained
Wavelength of at this wavelength Type of bond or Energy to break
light, nm KJ/m? structure in PE bond, KJ/mol.

Carbon-carbon (C-C)

253 473 Carbon-hydrogen (C-H) 413

315 228 Double bond 607
carbon-carbon (C=C)
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CHLORINE RESISTANCE TESTING OF CROSS-LINKED
POLYETHYLENE PIPING MATERIALS

P. Vibien, J. Couch and K. Oliphant, Jana Laboratories Inc., Aurora, ON
W. Zhou, B. Zhang and A. Chudnovsky, University of llinois at Chicago, Chicago, IL,
USA, 60607

Abstract

The chlorine present in potable water as a
disinfectant has been reported to reduce the lifetime of
some plumbing system components. In this study the
nature of the failure mechanism of a commercial cross-
linked polyethylene (PEX) pipe material exposed in the
laboratory to chlorinated potable water is examined.
Water quality, or more specifically, chlorine level, is seen
to have a significant impact on material performance.
Test lifetimes are seen to be noticeably lower for
chlorinated potable water, even at chlorine levels as low
as 0.1 mg/L (ppm), than for non-chlorinated water.
Through accelerated testing at multiple temperature and
pressure conditions and the use of the Rate Process
Model, a model to estimate the test lifetime of the PEX
pipe material at end use conditions is developed. Based
on this analysis the PEX pipe material examined in this

Failures of both the PB piping and the acetal fittings used
in these systems have been reported (3,10). Chloramines
and chlorine have been reported to degrade elastomers
used in potable water applications (2).

When chlorine is added to water the following
equilibrium reactions occur (1):

Cl,+H,0 7 HOCl+H +CI (1).
HOC1? OCI +H (2).

The eguilibrium in eqgn. (1) is driven essentially to
complete conversion of chlorine to hypochlorous acid
(HOCI) at typical potable water conditions.  The
hypochlorous acid can further dissociate to form the
hypochlorite ion (OCT), a reaction which is pH dependant
and whose equilibrium shifts considerably over the pH
range typically found in potable water applications (6.5 —

/
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Condition Temperature Chlorine pH ORP | Average Failure
Number (°O) Level (mg/L) (mV) Time (hours)
1 115 5 6.5 387 841
2 115 3 6.5 873 1097
3 115 0.1 6.5 715 1661
4 115 0.1 6.5 715 1757
5 115 0 6.5 430 4589
6 105 5 6.5 887 2238
7 105 3 6.5 873 2311
8 105 5 8.5 778 3416
9 105 3 8.5 758 4038
10 105 0.1 6.5 715 5667
11 105 0.1 6.5 715 5761 Non Failure
12 105 0 6.5 430 | 10160 Non Failure
pH | Chlorine Level (mg/L) | ORP | Relative Estimated Test Lifetime @ 60°C
6.5 5 887 1
6.5 3 873 1.2
8.5 5 778 3.7
8.5 3 758 4.6
6.5 0.1 715 7.7
6.5 0 430 229
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1.4: 10% of Pipe Lifetime 1.B: 50% of Pipe Lifetime 1.C: At Failure

2.C: At Failure
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SC failures in GMBs (courtesy: GSE Lining Technology).
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Environmental stress cracking

From Wikipedia, the free encyclopedia

Environmental Stress Cracking (ESC) is one of the most common causes of unexpected brittle failure of thermoplastic
(especially amorphous) polymers known at present. According to ASTM D883, stress cracking is defined as " an external or

imbarmal Aavanl in A mlanbin aniinad b banaila abranaan lana than iba Alhark bavms mnachanicaal abranatlh ' Thin buma Af Aavaabina bosiaall,

involves brittle cracking, with little or no ductile drawing of the material from its adjacent failure surfaces [l Environmental stres:
cracking may account for around 15-30% of all plastic component failures in service 2] This behavior is especially prevalent in

) y - ™ * p—

the fluid to permeate into the polymer. Amorphous polymers are more prone to ESC at temperature higher than their glass
transition temperature (Tg) due to the increased free volume. When T is approached, more fluid can permeate permeation into
the polymer chains.4!

ESC and polymer resistance to ESC (ESCR) have been studied for several decades.[”) Research shows that the exposure of
polymers to liquid chemicals tends to accelerate the crazing process, initiating crazes at stresses that are much lower than the
stress causing crazing in air.’l8 The action of either a tensile stress or a corrosive liquid alone would not be enough to cause
failure, but in ESC the initiation and growth of a crack is caused by the combined action of the stress and a corrosive
environmental liquid. These corrosive environmental liquids are called 'secondary chemical agents', are often organic, and are
defined as solvents not anticipated to come into contact with the plastic during its lifetime of use. Failure is rarely associated with

primary chemical agents, as these materials are anticipated to come into contact with the polymer during its lifetime, and thus
compatibility is ensured prior to use. In air, failure due to creep is known as creep rupture, as the air acts as a plasticizer, and this
acts in parallel to environmental stress cracking.!”!

It is somewhat different from polymer degradation in that stress cracking does not break polymer bonds. Instead, it breaks the secondary linkages between polymers.
These are broken when the mechanical stresses cause minute cracks in the polymer and they propagate rapidly under the harsh environmental conditions.[®! It has
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Fi 10 The bent-strip test for polyethylene. Ap- .
g- propriate dimensions are given in Ref 41. Flg. 11 Environmental stress crack testing in polyethylene in relation to the yield point. Source: Ref 40
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