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APPENDIX 1 

This VDOT protocol was developed using the pressure 
chamber and glass beaker associated with the TFOUT 
protocol of ASTM D 4742 with several critical 
modifications. 
1.  CATALYST   

a. Ferric naphthenate is used as the sole component of 
the catalyst.  Its composition and concentration is 
based on vehicle contamination found in typical 
differentials vehicles under various service 
conditions and mileage. 

2. SAMPLE PREPARATION  
a. Slightly more than sufficient differential fluid 

sample is taken to give three test portions (~ 5 
grams) are placed in a vial. 

b. Commercial ferric naphthenate as purchased is 
added to the differential fluid sample in the vial to 
give a concentration of 0.5% iron. 

c. After thorough mixing by rotating the vial at 30 
RPM for ½ hour, the naphthenate solvent is stripped 
from the 5 g of differential fluid sample under 
vacuum to bring the sample to a constant mass. 

d. The viscosity of the resultant catalyst-containing 
differential fluid is measured at 40°C. (This mixture 
will be referred to as ’fresh sample’ hereafter in this 
protocol). 

e. Obtain the mass of the special clean, dry glass 
beaker for VDOT work (see Appendix 2) to within 
±0.0002g. Record this weight 

f. Place 1.500±0.001g of the oil/catalyst mixture from 
Step c into this special glass beaker and record this 
mass. 

g. Place beaker with sample into a high-pressure 
reactor vessel. 

h. Pressurize with 90 PSI (620 kPa) of 99+% oxygen.  
i. Rotate beaker at 100 RPM 

3. TEST PROCEDURE 
a. Initiate heating to rapidly bring sample to  170°C 
b. Heat the first test sample for 60 minutes. 
c. At the end of the test cool pressure chamber rapidly 

as safely possible with care not to spill any of the 
sample in the beaker within the chamber 

d. After the temperature in the pressure chamber is less 
than 100°C, depressurize slowly to control release 
of gases from sample and prevent spattering. 

e. Remove beaker from reactor carefully, cover with a 
watch glass or other means and when at room 
temperature, obtain the mass of the beaker and 
contents. 

f. Subtract mass of beaker and contents after test from 
initial mass of beaker and contents before test.  If 
the difference in mass is within ±3%, continue the 
test workup.  If the difference is outside of ±3% 
reinitiate the test.   

g. Add 15 mL of a pure, relatively volatile solvent (i.e. 
heptane) to the beaker containing deposits and 
oxidized differential fluid and soak 15 hours 

                                                                                             
(overnight) at ambient temperature with watch glass 
or other form of cover over beaker. 

h. Weigh a clean, multilayer filter to within ±0.0002g 
and record this mass.  

i. After 15 hrs of soak, carefully draw liquid contents 
of beaker through the filter cartridge from Step h 
into a 50-mL syringe using a short length, large 
diameter (13 gauge) syringe needle. 

j. Gently wash contents of glass beaker thrice, each 
time with 5 mL of same pure solvent and draw off 
with the same filter cartridge and syringe. 

k. Draw three 15 mL of the pure solvent into the 
syringe to remove any trace of oil from the deposits 
on the filter and remove filter and needle from 
syringe 

l. Eject contents of syringe into 100 mm diameter Petri 
dish and place dish into vacuum jar to await the 90-
minute and 120-minute samples.   

m. Place washed glass beaker under protective 
cover until 90-minute and 120-minute samples are 
also prepared for treatment. 

n. This protocol from Step 2e to Step 3l is then 
repeated, with additional fresh sample at 90 and 60 
minutes, for a total run of three oxidized samples 
over the different time intervals. 

o. At this point remove solvent from all three Petri 
dishes of Step l simultaneously by placing under 
vacuum for 15 hours (overnight) at ambient 
temperature.  (The oil sample left in the Petri dish at 
the conclusion of this vacuum treatment will be 
referred to as ‘oxidized oil sample’.) 

p. Place the three beakers from Step m in a convection 
oven at ~ 70°C for ½ to 1 hour, remove, let cool to 
room temperature and weigh to within ±0.0002g and 
record mass. 

q. Draw air by vacuum through filters from Step k 
until constant mass is obtained. 

4. DETERMINATION OF TEST RESULTS:  
a. Mass of Deposits: The mass of deposits is calculated 

from the weight difference between the pre- and 
post-oxidation beaker (Step 3q minus Step 2e) plus 
the mass difference between the initial filter mass 
and the mass of the filter obtained in Step 3r. 

b. Percent Change in Viscosity: Determine the 
viscosity of the oxidized oil sample  generated in 
Step 3p again using the cone and plate viscometer 
applied in Step 2d at 40°C. 

c. Calculate the percent change in viscosity by 
subtracting the initial viscosity (Step 2d) from the 
final viscosity (Step 3p) divide this value by the 
initial viscosity and multiply by 100. 

d. Determine the differential oxidation values from 
FTIR analysis of the sample from Step 2c subtracted 
from the FTIR analysis of the oxidized oil samples 
from Step 3p.    

 
 

 


