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Aqueous solutions of ethylene glycol and propylene glycol produce acidic degradation products
upon thermal oxidation. This results in a decrease in pH of the aqueous solutions which could
accelerate the corrosion of metalllic components of solar collectors. The increase in the concentra
tions of degradation products in solution was measured over time using the Ion Chromatography
Exclusion (ICE) method of analysis. Variables affecting the thermal oxidation considered in the
investigation were temperature, the presence of metals and oxidative conditions (aeration/deaera
tion). Acidic degradation products were produced under all conditions. The presence of metallic
copper in aerated glycol solutions resulted in the greatest extent of degradation. Comparisons were
made between the pH values of the thermal oxidatively degraded glycol solutions and the
concentrations of degradation products. It was found that different solutions having comparable
pH values contained significantly different amounts of degradation products. It was concluded
that the extent of degradation of the glycol cannot be used as an indicator of the magnitude of the
decrease in pH which the glycol solution may undergo during thermal oxidation in the presence of
metals.

1. Introduction

Flat-plate solar collector systems using aqueous heat transfer fluids must be
provided with freeze protection, unless located in warm climates. A common method
of freeze protection is to use antifreezes as heat transfer fluids. Aqueous solutions of
ethylene glycol and propylene glycols are commonly used, accounting for more than
one-third of the fluids used in flat-plate solarcoUectors [1]. Although these glycol
solutions have satisfactory heat transfer properties, thermal oxidation of the glycols
under operating conditions produces organic acids. The result is a loweringof the
pH values of heat transfer fluids which· could accelerate corrosion of metallic
components of collector systems [1-4]. To guard against the development of acidic
corrosion conditions, the glycol solutions are buffered to maintain the desired pH

level. Periodic measurement of the pH and reverse alkalinity of the glycol solutions
has been recommended to assure that the fluid remains properly buffered and that
corrosive conditions do not develop [3].
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Although several studies [3-6] have been conducted on the effect of glycol
degradation on the rates of corrosion of metallic collector components, little atten
tion has been given to the rates of glycol degradation under collector operating
conditions. This lack of information on glycol degradation makes it difficult to
predict the time to fluid breakdown or to draw conclusions about the lifetimes of
aqueous glycol-based heat transfer fluids [3]. Recent studies have been conducted
using ion chromatography to identify the major acidic degradation products of
aqueous ethylene and propylene glycols [7]. Additional studies have been carried out
to investigate the effects of temperature, oxidative conditions and the presence of
metals on changes in pH values of aqueous glycol solutions and to evaluate the
effectiveness of common ions (anions of the acidic degradation products) in sup
pressing decreases in pH [8]. In the present investigation, increases in the amount of
glycol degradation products with time are repQrted as a function of temperature,
oxidative conditions (aeratonjdeaeration) and the presence of metals. Comparisons
are made between the pH values of the degraded glycol solutions and the amount of
degradation which the glycols have undergone.

2. Ion chromatographic analysis of degraded glycol solutions

Ion chromatography is a liquid chromatographic technique for the analysis of
ionic species in aqueous solutions [9]. The use of ion chromatography for the
analysis of degraded aqueous ethylene glycol and propylene glycol solutions has
previously been described [7]. The major acidic degradation products from the
thermal oxidation of ethylene glycol have been identified as oxalic, glycolic and
formic acids. For propylene glycol, they are oxalic, lactic, formic and acetic acids.
Ion chromatography thus provides a means for determining quantiatively the
concentrations of the acidic degradation products in the parts per million (ppm)
level. However, a technique for the total analysis of the degradation products in
buffered glycol solutions has not been developed.

3. Experimental

3.1. Ion chromatographic apparatus and analytical procedure

The Ion Chromatography Exclusion (ICE) method, as previously described [7],
was used for the analysis of the degraded glycol solutions. For details concerning the
procedures, apparatus including chromatography columns and instrument calibra
tion, the reader is referred to this reference.

3.2. Glycols

The ethylene glycol and 1,2-propylene glycol reagents were distilled under vacuum
before use. Only the middle distilling fractions were used in the degradation studies.




























