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Exposure of Yellow Metals at High Temperature 
In typical heating oil systems in North America, in addition to copper fuel lines the other major 

source of metallic components with yellow metals are brass nozzles which are used to create a 

spray for combustion in the fire box of the boiler.  These nozzles are typically replaced once per 

year, or when the unit is serviced.  The fuel flowing through the nozzle has relatively little 

contact time with the nozzle, but fuel that stays inside the nozzle between firings can become 

hotter than fuel in the copper lines leading up to the nozzle.  It was desired to determine whether 

there were any impacts of biodiesel vs. No. 2 oil with brass nozzles, as well as to determine any 

differences between brass and stainless-steel nozzles. 

Experimental 

To understand how yellow metals are affected at high temperature, several test setups were 

started which included biodiesel blends, open top glass beakers, and either stainless steel or brass 

nozzle assemblies. The concept here is to simulate the high temperatures which can occur in a 

nozzle following burner shut down, particularly in a hot combustion chamber environment.  

Such an environment would involve a thick refractory chamber liner and an absence of a post 

purge following burner shut down. These test setups were stored in an oven at 80 °C (175 °F). 

Results 

The first analysis of the basic appearance and acid numbers was done after one week.  Table 4-1, 

below provides information on the acid number for the different test cases.  

Table 4-1. Preliminary Results of First High Temperature Metals Test (175 F) 

Fuel Nozzle Material Acid Number after one week 

B0 None – control, not 

stored at high 

temperature. 

0.23 

B0 Brass 0.49 

B0 Stainless 0.33 

B20 Brass 0.61 
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B20 Stainless 0.46 

B100 Brass 0.28 

B100 Stainless 0.58 

 

The results in Table 4-1 suggest that for B0 and B20 the brass nozzle had more impact on acid 

number under these conditions than stainless steel although all impacts are relatively small. In 

the case of B100, the stainless material had more impact, although this impact was also relatively 

small.  Considering the long exposure time in this test at this high temperature, the differences in 

acid number are relatively small and similar for all fuels.   

One interesting note is that the samples with the brass were darker in color than the samples with 

the stainless-steel nozzles, even though there was not clear increase in acid number with the 

brass nozzles relative to the stainless-steel nozzles. This is illustrated in Figure 4-1, below.   

 

Figure 0-1 High temperature metals exposure test, B-100.  Appearance of the B-100 sample with a 

brass nozzle (left) and stainless-steel nozzle (right) after 1 week at 175 F.   

 

This test was returned to the oven for an additional month and acid numbers were again 

measured. Again, these acid number measurements indicated no significant difference.  This is a 

rather extreme test set to simulate the impacts that copper might have in a burner nozzle.  Here 

the fuel could be exposed to high temperatures but only for minutes, not the weeks used in this 

test. 

Figure 4-2 provides a visual comparison of the fuels after approximately 5 weeks of exposure. 

As we noted above, the samples with the brass nozzle are a bit darker than the samples with the 

stainless-steel nozzles indicating the possibility of the fuel complexing with copper, with the 

B100 sample being more noticeable. As also noted above this color difference did not translate to 

an acid number difference. 
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A comparative FTIR study was done of these fuels after the 5 weeks of exposure. No notable 

differences in the absorption spectra were observed.  

 

Figure 0-2 Photos of fuel samples after 5 weeks of storage at 170 °F with either brass or stainless-

steel nozzles. (Control samples not shown). 

Following this study, another round of testing was conducted using this high temperature 

exposure approach. In this next round we are also including fuels which have an elevated acid 

number, based on decanoic acid addition to the fuels. The purpose of this next round is to 

explore possible effects of the elevated acid number. The acid number in these tests was adjusted 

to a value of 10 which can be compared with the acceptable limit value for fresh B20 blends of 

0.3 maximum.  

An interesting observation on these tests is illustrated in Figure 4-3, below with B0. This photo is 

only for fuel samples which were prepared and then stored over a weekend at room temperature.  

The base fuel in this case is only ULS, no biodiesel was present.  One fuel sample without a 

nozzle contained no decanoic acid and another, also without a nozzle contained decanoic acid 

adjusted to an acid value of 10.  Both of these fuel samples remained “yellow” and clean.  A fuel 

sample without decanoic acid but with a nozzle turned slightly dark.  A sample with decanoic 

acid and a nozzle turned a clear shade of green, a clear indication of a small amount of copper 

compound in solution.  
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Figure 0-3 Samples of ULS (B0). Impact of extremely elevated acid number and a nozzle over one 

weekend at room temperature. 

 

The results of several elevated acid number tests on the increase in acid number are summarized 

in Table 4-2, below.  

 

Table 4-2 Results of High Temperature Yellow Metal Studies (All values are TAN – Total Acid 

Number) 

 ULS Heating 

Oil 

B 20 Blend B 100 High Acid 

ULS 

High Acid 

B-20 

Pre- Exposure 1.43 1.22 1.23 10.9 11.1 

Post-Exposure 

Without 

Nozzle 

4.94 20.8 5.43 18.1 22.3 

Post-Exposure 

With Nozzle 

2.83 2.05 0.72 14.6 9.37 

 

These results show that the acid numbers increase with exposure and considering the severe 

temperature and duration this would be expected. What is particularly interesting to us is that the 

presence of the nozzle in the sample container actually decreases the acid number.  Again, one 
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possible explanation for this is that the yellow metal is complexing with the organic acid, 

effectively neutralizing it.   

After all tests the nozzles were examined for signs of corrosive attack. No obvious attack was 

found.  

Discussion 

The FTIR results from all the fuels exposed to metals at a high temperature (170 °F) for 5 weeks 

indicated no significant chemical structure changes. There exists a color change as well for the 

case with a fuel with an extremely elevated acid number. Specifically, the results from Figure 4-

3 demonstrate the impact that high levels of organic acid has on interactions with the yellow 

metal. As a further observation, the nozzles exposed to the highly elevated acid number solution 

showed a dull surface appearance after exposure compared to the nominal acid number fuels. 

These results are the same for all fuels, with or without biodiesel indicating that there may not be 

a significant difference in the copper interaction between petroleum No. 2 oil and biodiesel.  

Conclusion 

In the tests reported in this section, B0 and biodiesel blends were exposed to brass and stainless 

steel nozzles at high temperature (170 °F) for much longer than they would experience in the 

field to determine any significant adverse impacts with the use of brass nozzles versus stainless 

steel. The acid number of the samples in brass was not found to be significantly elevated relative 

to the stainless-steel tubing. The color change when brass is present for all fuels observed was 

noticeable, sometime with a characteristic green color, indicating the likely interaction of copper 

with all fuels to a certain extent.  The results from this high temperature exposure for longer 

periods of time than would be experienced in the field do not indicate significant adverse impacts 

with biodiesel or biodiesel blends with brass nozzles compared to that of B0, leading to the 

conclusion the presence of brass nozzles is unlikely to impact burner operation with B20 to a 

greater extent than B0.  
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