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3. TECHNICAL DISCUS5ION 

3.1 Fluid Sampling: The goal in taking a sample from the hydraulic system is to provide a small but 
representative amount of hydraulic fluid for examination. Recommended sampling techniques have 
been developed by those working in the contamination field and are well documented. 

3.1.1 In terms of the subject matter of this AIR,, the sample for analysis must be as representative of all 
the fluid in the system as possible and should not be contaminated during the sampling or by the sample 
container. Detailed procedures are available from the aircraft hydraulic system designers, compo- 
nent suppliers, fluid suppliers and various technical committees. 

3. 2 Fluid Sample Analysis Techniques: Although there is controversy regarding the chemical form of 
chlorine and its relation to harmful effects in the hydraulic fluid (i, e. , chloride ions versus organic 
chloro-compounds versus total chlorine in all forms), it is generally agreed that the total chlorine 
content should be measured. 

Since experience has shown that low levels (under 200 ppm) of chlorine are of interest, the standard 
analyses for chlorine in organic compounds involving destructive decomposition followed by chloride 
ion determinatian are not applicable. Therefore, other techniques have been developed. For gross 
contamination, sta.ndard methods for chlorine analysis can be used. 

Summaries of analytical methods applicable for small amounts of chlorine are given in the following 
paragraphs. Detailed analytical procedures are available from hydraulic fluid suppliers, airframe 
manufacturers and analytical instrument proclucers. 

3.2.1 X-Ray Fluorescence Spectroscopy Method: This procedure was specifically developed to measure low 
levels of chlorine in phosphate ester base hydraulic fluids. The method is applicable over the concen- 
tration range 3-300 ppm total chlorine and requires only 5 ml of sample. The lower limit of detection 
has been reported to be 3 ppm chlorine (fteference 1). 

The method relies upon the establishment of a linear standard calibration curve. A series of chlorine 
standards is made by dilution of a 1000 ppm stock chlorine containing solution. This initial atandard 
solution is prepared from a known chloro-organic compound and a stock sample of phosphate ester 
fluid which is known to contain less than 50 ppm chlorine. The intensity is measured on the chlorine 
K line for each standard. An absolute background intensity is measured and subtracted from the 
measured intensities for both standards and unknowns. A calibration curve of peak intensity versus 
concentration of chlorine added is then plotted. The intercept on the negative concentration axis 
(abscissa) represents the concentration of chlorine in the stock phosphate ester fluid, while the inter- 
cept on the inter►sity axis (ordinate) represents the intensity due to this determined chlorine concen- 
tration. The chlorine content of an unluiawn is then easily found from the intensity by simple proportion. 

3. 2.1.1 Based on linear regression analyais, the atandard error of estimate for the calibration curve is 
+ 2 ppm chlorine over the concentratian range 10 - 300 ppm added chlorine (Reference 2). 

3.2.2 Microcoulometric Procedure: Coulometric procedures for chlorine analysis are accepted for many 
materials. The technique is claimed to have the relative advantages of small sample size, aensitivity, 
and low cost (Reference 3). 

Using standard microcoulometric technique, liquid samples are injected into a flowing stream of gas 
containing about 80 vol. percent oxygen and 20 percent argon. The gas and sample flow through a 
combustion tube maintained at approximately 800° C. The chlorine is converted to chloride and oxy- 
chloride which then flow into a titration cell where they react with silver ions present. The silver ions 
thus consumed are coulometrically replaced. The current required to replace the silver iona is a 
measure of the chlorine content of the injected sample. 

The microcoulometer can be utilized precisely in ranges of 0 to 500 parts total chlorine per million. 
It is expedient to 3ilute higher chlorine level samples with standard new fluid prior to analysis, 
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3.2. 2.1 The microcoulometric technique has also been used as a method to differentiate between volatile 
and relatively nonvolatile (residual) sources of chlorine. The method utilizes the injection of a 	, 
small sample by microliter syringe into a quartz boat which is inserted into the combustion Lube 
and in this manner consistent, quantitative determinations of the chlorine present in these compounds 
are obtained. After evaluation of the volatile compounds, the sample is moved into the combustion 
tube for ignition which releases the chlorine present in high boiling and nonvolatile (residual) 
portions of the sample. Correct sample size allows for an accurate determination of chlorine levels 
in the 10 - 500 ppm range. 

3, 2. 3 Infrared Procedure: I'or volatile contaminants a procedure has been developed utilizing infrared 
analysis in the vapor phase. Infrared analysis of chiorinated-solvent contaminants in the liquid phase 
has been reported to have a detectable limit of 1 percent. The vapor phase procedure is reported to 
have a threshold limit for identification of approximately 10 ppm and is quantitative from a minimum 
of 25 ppm (this varies with the volatility and infrared activity of the compound). (Reference 3. ) 

3. 2, 3.1 The basic principle underlying this infrared method invoives the volatilization of a relatively low 
boiling point contaminant from a relatively non-volatile fluid and the analysis of the vapor phase. 
The method provides a yuantitative measure of liquid phase concentration due to the application 
of Henry's Law. The procedure utilized is as follows: A measured sample of fluid (25 ml) is 
transferred to a 160 ml Pyrex container which' is fitted with a two-way stopcock. The container 
is placed in a boiling water bath for 5 minutes, attached to an evacuated 110 ml IR gas cell and the 
cell and fluid container brought to equilibrium. This results in a vapor sample at lower than 
ambient pressure. An IR, spectrum is then run to compare peak locations for qualitative identifi- 
cation and/or to measure peak height for quantification. A calibration curve is made up using 
measured amounts of standard contaminants in the base fluid. The method is dependent on 
Henry's Law and can be applied to single or mixed contaminants. If care is taken to utilize the same 
parameters for analyzing an unknown as for the standards, it becomes unnecessary to accurately 
measure container volumes or pressure, comparison alone under controlled conditions being a 
sufficient criterion. Normal precautions in working with glass systems under pressure/vacuum t 
conditions should, of course, be observed. 

3.2. 4 Gas Chromatography: Volatile contaminants can be determined by gas chromatography using thermal 
conductivity or electron capture as the means of detection. 

3.2.4.1 The sample is chromatographed on a column cantaining silicone oil or other suitable material as 
a liquid phase to separate the components of interest. A dual column, dual detector system is 
required since the oven temperature is programmed during the analysis. The chromatogram gen- 
erated from the sample is compared directly with a reference chromatogram for an equal amount 
of standard hydraulic fluid. The concentration of contaminant is determined by comparing the 
peak area ratio of the contaminant versus a standard hydraulic fluid component with the same ratio 
for a reference sample containing a known concentration of the contaminant. Thus, a component 
of the fluid is used essentially as an internal standard rather than directly comparing contaminant 
peak areas in the sample and reference mixture since the ability to reproducibly inject a sample 
is limited for the small amount injected. (Reference 3. ) 

3.2. 4. 2 This method is reported to detect as little as 0.2~~ of chlorinated solvents such as trichloroethylene, 
perchlorethylene or trichloroethane with a precision of + 2% at a 3% contaminant level and a+ 10°Io 
at a 1%, contami~ant level. 

:3~ 2. 4, 3 I'or more sophisticated analyses a combination of gas chromatography and mass spectroscopy will 
give positive identification and quantification. 

3.2. 5 Chloride Ion Determination: The amount of chloride ion present may be determined on an aqueous 
extraction of the hydraulic fluid using silver nitrate turbidimetry which is reported sensitive to 
approximately 0.1 ppm. 
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