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Evaluation of Performance Test Methods 

For an Aqueous Cleaner 
by Thomas M. Tam, Ralph Wyngarden and Anthony F. Naylor 

Three test methods-weight gain, optically stimulated 
electron emission (OSEE), and nonvolatile residue 
(NVR)-were evaluated as a means of measuring the 
performance of an aqueous cleaning bath. It was found 
that the weight gain method is easy to reproduce and 
has the broadest range of sensitivity. This method is 
accurate enough for general metal surface cleaning. 
OSEE is the most sensitive method, but is limited to low 
levels of contamination. Of the three methods, NVR is 
the least desirable. 

istorically, metal surfaces have been prepared for 
chemical processing by vapordegreasing, using chlo- 
rinated solvents, such as l,l,l-trichloroethane (TCA). H Because of environmental concerns and government 

regulations, industry is phasing out the use of Ozone Depleting 
Chemicals (ODCs), such as TCA. An intensive industry-wide 
effort is underway to find suitable replacements for TCA. 
Lockheed Missiles & Space Company Inc. (LMSC) has a 
pollution prevention goal of eliminating ail use of TCA. 

The most common replacement for TCAvapor degreasing is 
aqueouscleaning. LMSC has identified an aqueous immersion 
cleaner suitable for its applications. This cleaner is now being 
implemented at LMSC as a replacement for TCA vapor 
degreasing. 

To control this aqueous cleaning solution, a vendor-sug- 
gested titration method is being used. This method only mea- 
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Fig. 1-Preparation of panels for weight gain, OSEE and NVR analysis. 
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sures the alkalinity of the bath. To better control the bath, a 
method of measuring the actual performance of the bath is 
desired. Techniques such as the water-break test, visible 
inspection, and blacklight inspection can be used. The problem 
with these methods is that they do not give objective numerical 
results. In most cases the evaluation depends on an operator's 
judgment, and it is difficult to apply passlfail criteria consis- 
tently. It is desirable to have a test method that would be able 
to indicate the bath performance on a numerical scale, and be 
quick, simple and inexpensive. 

This study consists of two parts. The first part evaluatesthree 
tests, weight gain,' optically stimulated electron emission 
(OSEE)?,3 and nonvolatile residue (NVR).' None of these 
methods is new. They have been applied to determine the 
surface contaminant concentration. The intent was to compare 
the dynamic ranges of the methods under comparable condi- 
tions. The second part of this study used the three tests to 
evaluate the aqueous cleaner at different operating conditions 
(e.g., solution contaminant concentrations, and agitation). In 
addition, based on the results, we were able to compare the 
pros and cons of the test methods objectively. 

Experimental Procedure 
Preparation of test panels 
Aluminum test panels (4 x 7 x 0.0625 in., 7075-T6) were used 
throughout this study. Figure 1 shows the steps used to clean 
the panels. Ten panels for each of the three test methods were 
processed and evaluated. 

Deposition of contaminants 
A mixture of contaminants consisting of machine coolants and 
lubricants (Table 1) was dissolved in two liters of TCNEtOH 
(ethanol) solvent (75l25 VIV). These four contaminants were 
chosen as they are the most commonly used lubricantslma- 
chine coolants from LMSC's machine shops. 

Cleaned panels were immersed in the solvent for 30 k 5 sec, 
withdrawn from the solvent, and the excess solvent allowed to 
drain off. The panels were air dried overnight. As the solvent 
evaporated, an even layer of contaminant wasdeposited on the 
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fig. Z-Sieps in preparation of paneis for aqueous cleaning. 

surface. By varying the concentration of contaminant in the 
TCNEtOH solvent, the amount of contaminant deposited per 
unit area could be varied in a reproducible manner. The 
reproducibility of the amount of contaminant deposited on the 
panels was found to be + 0.5 mgift2. 

A TCNEtOH (75125 V/V) solvent was used as the carrier to 
deposit the contaminant on the panels. The reasons for choos- 
ing this solvent mixture were: 
1. The contaminants will easily dissolve in the solvent. 
2. The contaminated solvent will wet the panel, evaporate 

easily, and leave behind an even film of contaminant. 
3. The NVR test uses the same solvent. It was assumed that 

if the same solvent was used as the carrier, whatever was 
deposited onto the surface would be removed by the NVR 
test. 

Figure 1 shows the steps that were used to prepare panels 
for analysis by weight gain, OSEE and NVR. 

Weight Gain 
An analytical balancea that produces readings of 5 significant 
figures was used to determine weight gain. A single panel was 
weighed 10 times. The reproducibility of the panel weight was 
found to be iO.09 mg. 
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Optically Stimulated Electron Emis- 
sion (OSEE) 
TheOSEEused in thisstudywasa 
single-channel system (OP 1020).b 
It used a sensop to generate UV 
light and collect electrons emitted 
from the surface. The system is 
also equipped with a stepping mo- 
tor for X-Y scanning. The distance 
from the sensor to the panel sur- 
face was set manually with a mi- 
crometer adjustment and was ac- 
curateto0.001 in. APC/AVM,was 
used to control the system and the 
X-Y scanning. A total of 300 read- 
ings was obtained for each panel. 
The data were recorded as mean, 
maximum, minimum, and standard 
deviation. 

Nonvolatile Residue (NVR) 
The ASTM F 331 -72 NVR method 
was used to determine the amount 

i n  the Danels. The solvent used was of contaminant deposil 
a mixture of TCNEtOH (75/25 VN). The solvent was evapo- 
rated in an evaporator, and the residue was weighed to 0.01 mg 
on an analytical balance.a 

Aqueous Cleaning 
(Laboratory-Scale Aqueous Cleaning System) 
Asmalltankcontaining 43 Lofan alkalineaqueouscleanerwas 
used in the experiment. The concentration of the solution was 
maintainedbetween 14and15percent,atatemperatureof 130 
f5 "F. A small, variable-speed magnetically coupled pump 
agitatedthesolution. The flow rate was monitored byavariable- 
area flow meter. 

Panel Cleaning 
In the first series of tests, the impact of solution contamination 
was determined by processing both contaminated and clean 
panels in the aqueous cleaner at different levels of solution 
contamination. Table 1 shows the composition of the contami- 
nant mixture used. Figure 2 shows the steps used to prepare 
the panels for weight gain, OSEE and NVR testing. The panels 
evaluated by OSEE were dried with compressed nitrogen, and 
the OSEE response was measured immediately. The panels 
evaluated by weight gain and NVR were left to stand at ambient 
conditions for at least eight hr before measuring. 

Two different methods were used to rinse the panels after 
aqueous cleaning. The first method was merely to immerse the 
panels in the rinsewater (stagnant rinse), the second method 
involved moving the panels up and down in the rinsewater to 
provide agitation (agitated rinse). 

Results and Discussion 
Evaluation of the 3 test methods 
The first parl of this study determined the range of sensitivity of 
the three tests to the amount of contaminant adhering to the 
aluminum surface. Table 2 shows the weight gain, OSEE and 
NVR data. 

Figure 3 shows the dependence of weight of deposited 
contaminant (weight gain) on the concentration of contaminant 
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a Model AT-201, Menler instrument Co., Highlstown, NJ 
OOP 1020. Photo Acoustic Tech. Inc., West Lake, CA 91361 
'OPX 110. Photo Acoustic Tech. Inc., West Lake, CA 91361 
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in the TCNEtOH solvent. The plot shows that the weight of 
contaminants deposited on the panels is proportional to the 
increase in solution contaminant concentration. The equation 
for the least squares best fit line is y = 2.041X - 0.0242, with a 
correlation coefficient (+) of 0.99. The weight gain method of 
contaminant application and measurement has been shown to 
give similar results by other researchers.' Because the weight 
change is a direct measure of what is being deposited, it was 
used to evaluate the other tests. 

Figure 4 shows the dependence of the OSEE response on 
the weight gain. The OSEE response is inversely proportional 
to the weight gain. It is very sensitive to low levels of contami- 
nant (less than 1 mglft'). The OSEE response levels off at a 
minimum value when the weight gain exceeds 10 mglf12. The 
sensitivity range of the OSEE response with the system used 
is from 1 to 10 mglft'. Figure 4 also shows the dependence of 
the NVR measurement on the weight change. It was found that 
the NVR test is not sensitive to small amounts of contaminant 
adhering to the panel (more than 2 mgm2). Although the NVR 
test shows a trend similar to that of weight gain at high solution 
contamination concentrations, the values are lower than those 
from the weight gain. If it is assumed that whatever contami- 
nants are deposited on the surface can be removed, the NVR 
values should be equal to those from the weight gain. It was 
determined by weight gain that a considerable amount of the 
contaminants still adhered to the test panels after NVR testing 
(col. 5 of Table 2). In addition, totaling the NVR weight and the 
weightof residue remainingon thepanelafterNVRstilldoesnot 
result in an overall mass balance for the contaminant. A 
possible explanation is that the contaminant contains volatile 
materials that evaporate during the NVR test. A comparison of 
the dynamic ranges of the three test methods is shown in Fg. 5. 
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Aqueous Cleanif@ 
The second part of this study determined the way in which 
different concentrations of solution contamination can affect 
the performance of the cleaner. The cleaner evaluated is an 
aqueous type consisting of surfactants, builders and corrosion 
inhibitors. It isdesignedasanemulsifierthat removescontami- 
nants from the surface and keeps them in suspension. The 
purpose of this part of the study was to determine: 
* Whichofthethreetest methodscanbest beusedtomeasure 

the efficiency of the cleaner; 
The solution contaminant concentration that will cause the 
cleaner to fail to remove and emulsity the contaminants from 
a surface; 

* The level of solution contaminant concentration at which the 
solution contaminants deposit onto a clean surface. 
Two sets of panels were used. They were all pre-cleaned as 

described in the experimental procedure section. The first set 
of pre-cleaned panels was contaminated by depositing 14 mgl 
ft2 of the contaminant on the surface. This set of 'dirty' panels 
was used to measuretheeffectivenessoftheaqueouscleaner. 
A second set of 'clean' panels was used to measure re- 
deposition of the contaminant from the cleaner. Both sets of 
panels were processed in the cleaner with different known 
concentrations of contaminant. Aftercleaning, the panels were 
evaluated by weight gain, OSEE and NVR. The data are given 
in Table 3. 

The weight gain and OSEE data show that at a given 
solution contaminant concentration, the amount ofcontaminanf 
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remaining on the panels and the amount re-deposited on the 
panels were the same. The results suggest that the contami- 
nant adhering to the surface is in equilibrium with the solution 
contaminant concentration. 

Figures6 (weightgain) and 7(0SEE) showthedependence 
of contaminantadhering to the surface on the solution contami- 
nant concentration. Both sets of data show a similar trend. It 
should be noted that the curves shown in both figures are not 
the 'best-fit'curves, but instead are curves that the authors felt 
best represent the meaning of the data. The curves were 
plotted between the extremes of the points. The sigmoid 
shapes are thought to represent the best fit. Also, it should be 
noted thatwhen the contaminant concentration reaches about 
10 g/L, a distinct oil/cleaner separation was observed. 

The NVR data shows no trends at all (column 5 in Table 3). 
This is probably because the amount of contaminant adhering 
to the panels, determined by weight change, is less than 2 mg/ 
ft2, which is below the sensitivity range of the NVR method. 

Agitation 
The effects of agitation of both the cleaner and rinse water were 
studied. Table 4 shows the results. 

Both the weight gain and OSEE data show that agitation of 
the cleaner has no affect on the ability of the solution to clean 

q. 7-OSEEresponse vs. contaminant concentration in the aqueous cleaner. 

or re-deposit contaminants. Agitating the subsequent rinse, 
however, produced cleaner panels. For example, based on 
weight gain data, the stagnant rinse removed about 85 percent 
of the contaminant, and the agitated rinse removed about 93 
percent. 

Conclusions 
The first pari of this study evaluated three test methods that can 
be usedtomonitorthe performanceofan aqueouscleaner. The 
test methods were weight gain, OSEE and NVR. The weight 
gain method has the widest dynamic range. It yields numerical 
data that are easy to reproduce, and are probably accurate 
enough to measure the performance of a cleaner for general 
metal surface cleaning. This method can be used as a routine 
process control procedure. The shortcoming of this method is 
that it is impractical for use on production hardware-test 
panels would be necessary. 

For surface contamination between 1 and 10 mg/ftz, OSEE 
is the most sensitive test method. It can be adapted as an on- 
line monitoring and non-destructive test method on actual 
hardware. Another advantage of OSEE, compared to other 
methods, is that it may be used to map large areas of contami- 
nation on a pari (in our experiment an area of 3 x 4 in. was 
mapped). There are other surface analytical techniques, such 
as electron spectroscopy for chemical analysis (ESCA). Sec- 
ondary ion mass spectroscopy (SIMS), etc., that will give more 
detailed surface information6 These techniques, however, are 
limited to small surface areas (e.g., about 2 mm2 maximum 
analysis area). 

For low levels of surface contaminants, the NVR method is 
the least sensitive. First, even if the cleaner were loaded with 
contaminants up to 30 g/L, it is still able to clean surfaces to 
better than 2 mg/ft20f contaminant, which is below the sensitiv- 
ityrangeof NVR. However, it is unlikelythata bath with this level 

only measures what is being removed by the TCNEtOH 
solvent; it cannot measure what is being left on the surface. 
Third, the NVR method uses TCAiEtOH as the solvent to clean 
the surface, therefore continuing to use an ODC that aqueous 
cleaners were designed to replace. 

- 

of contaminantwould still be usedfor production. Second, NVR -~ 
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In the second part of the study, it was demonstrated that the 
weightgainandOSEEtestscan beusedobjectivelytoevaluate 
the efficiency of a cleaner under different conditions. The 
conclusions from this part of the study of the cleaner are: 

The cleaner will clean the surface to equilibrium with respect 
to solution contaminant concentrations; 
* Agitation of the processsolution is not important, but agitation 
of the rinse can improve the effectiveness of the cleaner 
significantly. 

Although this study was concerned only with a limited num- 
ber of contaminants and a single cleaner, the methodology 
should be aoolicable to different matrices of contaminants and 

Tam 
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cleaners. 
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