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Abstract: It is required that Di-2-ethylhexyl Sebacate oil, also commonly known as Dioctyl Sebacate oil, be thoroughly removed from certain metals, in 

this case stainless steel parts with narrow, enclosed spaces.  Dioctyl Sebacate oil is a synthetic oil with a low compressibility ideally used for high 

pressure calibrations.  The current method to remove the Dioctyl Sebacate from  stainless steel parts with narrow, enclosed spaces is a labor-

intensive, multi-step process, including a detergent clean, a deionized (DI) water rinse, and several solvent rinses, to achieve a nonvolatile residue 

(NVR) of ≤ 0.04 mg per 50 mL rinse effluent.  This study was done to determine a superior detergent/solvent cleaning method for the oil to reduce 

cleaning time and/or the amount of detergent/solvent used.  

Figure 1.  Skeletal 

formula for Dioctyl 

Sebacate oil.   

Approach: For this study, solvents and detergents were chosen based on 

detergent/solvent availability, human hazard, and their ability to remove the soil of 

interest, Dioctyl Sebacate oil, based on predictions using Hansen solubility 

parameters. Solvents with similar Hildebrand solubility parameter values to that 

of the Dioctyl Sebacate oil were chosen for Hansen solubility comparison 

analysis.  

Hildebrand solubility parameter: 

𝛿 = 𝑐 = [
∆𝐻−𝑅𝑇

𝑉𝑚
]1/2 

c - cohesive energy density 

H - heat of vaporization 

R - gas constant 

T - temperature 

𝑉𝑚 - molar volume Hansen solubility parameters (3): 

𝛿𝑑 - dispersion force 

𝛿𝑝 - polarity 

𝛿ℎ - hydrogen bonding 

Hansen/Hildebrand correlation: 
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Figure 2. Hansen solubility parameters (3) of a 

particular solvent in 3-dimensional space; where 𝑅𝑜 

is a radius of interaction.   
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RED - Relative Energy Difference: 

𝑅𝐸𝐷 =
𝑅𝐴

𝑅𝑜
  

0 < 𝑅𝐸𝐷 ≪ 1 – High Affinity 

𝑅𝐸𝐷 ≈ 1 – Boundary Condition 

𝑅𝐸𝐷 > 1 – Decreased Affinity 

***As RED increases, affinity decreases*** 

• Reagents with similar 

Hildebrand values to the Dioctyl 

Sebacate and common 

laboratory reagents were 

chosen and 𝑅𝐴-values were 

computed between each 

reagent and the Dioctyl 

Sebacate oil.  

 

•  Pairs with smaller 𝑅𝐴-values 

are predicted to be more 

compatible and the paired 

solvent more efficient. 

 

Reagents chosen for testing, 

predicted from relative “best” 

to “worst” solvent for the 

Sebacate oil found by the 

computed 𝑹𝑨-values: 

 

 

Reagents chosen for 

testing, Hansen and 

Hildebrand solubility 

parameters 

unknown: 

Experimental Method: 1’’x1’’ stainless steel (304SS) 

coupons were coated in the Sebacate oil at ambient 

temperature. In a class 1000 clean room, each cleaner 

was tested by applying varying cleaning/soak times (5 

and 10 minutes) to each coupon and then a non-volatile 

residue (NVR)test was performed on each of cleaned 

coupons.  Brulin was tested at two volume 

concentrations (5 and 15%) and both Brulin and NMP 

were tested at two different temperatures as well.   

 

Figure 3.  1’’x1’’ 304 

SS Coupons utilized 

for testing.   

Results:  

Table 1. Cleaning 

agents’ variables 

tested and NVR 

results for each 

coupon.   

Recommendations: The data indicates that diethyl ether, heated NMP, hexane, 

and ethanol are the best choices of the cleaners tested.  Consideration of human 

hazard and other factors, hexane and ethanol were chosen as the best solvent 

suitable to remove the oil. Synergy CCS may also be a good candidate, though 

more tests need to be undertaken to confirm a longer time period would be 

required.  Ambient temperature NMP, d-Limonene, and Brulin are only fair 

candidates.  Brulin-cleaning may be taken out of the cleaning regimen with 

negligible effect. It should be noted that heating the metal parts is likely to reduce 

cleaning time as heating the oil will make the oil less viscous and easier to 

remove.  Future work would be required to evaluate this.  

 

𝑅𝑜, shown in Figure 2, is a given solvent’s radius of interaction.  𝑅𝐴, not shown in 

Figure 2, is another radial dimension, found empirically, that takes into account a 

solvent’s distance from another solvent in 3-dimensional Hansen space.  
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