Comments on Background Information concerning lubricity

Lubricity can be defined in many ways. “Lubricity is the ability of a liquid to provide

hydrodynamic and /or boundary lubrication to prevent wear between moving parts” (7). It can be defined as follows: “Lubricity is the ability to reduce friction between solid surfaces in relative motion”(7). LePera (2) defined lubricity as the “quality that prevents wear when two moving metal parts come in contact with each other.

Keith and Conley (8) stated that the production of a cleaner diesel fuel could in fact lower the lubricity of diesel fuel. They reported that the lubricating quality of diesel fuel dropped

significantly in 1993 when the United States mandated the use of a diesel fuel that had less than500 ppm sulfur. The petroleum industry expects the lubricity of petroleum diesel fuel to drop even lower when the limit of sulfur is lowered to 15 ppm in June of 2006.
Although the viscosity of diesel fuel has been believed to be related to lubricity (9), many researchers believe that the lubricity of the fuel is not provided by fuel viscosity (4) (8).
Researchers have found that viscosity is provided by other components of the fuel such as

“polycyclic aromatic types with sulfur, oxygen, and nitrogen content.” According to Mitchell (1) oxygen and nitrogen have been shown to impart natural lubricity in diesel fuel. Barbour, Rickeard, and Elliott (4) reported that oxygen definitely contributes to the natural lubricity of diesel fuel, but that nitrogen is a more active lubricity agent than oxygen. They determined that diesel fuels that were high in sulfur but low in nitrogen exhibited poor lubricity.

Some researchers stated that lowering sulfur or aromatics might not lower fuel lubricity.

However, as early as 1991 hydrotreating has been documented as lowering the lubricity of diesel fuel (5) (10) (11) (12). Keith and Conley (8) noted that special hydrotreating which was used to reduce the sulfur content of diesel fuel also lowered the lubricity of the diesel fuel. Keith and Conley further theorized that the components (oxygen and nitrogen) “may be rendered ineffective as a result of severe hydrotreatment to desulfurize the fuel.”
It is important to note that some fuel injection systems diesel engine rely entirely upon diesel fuel to lubricate moving parts that operate with close tolerances under high temperatures and high pressure (2). Lubricity related wear problems have already surfaced in Canada, California and Texas when fleets elected to use low-sulfur fuels to reduce engine exhaust emissions (10). LePera (2) noted that rotary distributor injection pumps manufactured by Stanadyne, DENSO, Bosch, and Delphi were most susceptible to boundary lubrication wear. It is important to note that failure of injection system components have not been limited to a single manufacturer. According to Kidwell-Ross (11) Cummins, Navistar, Cat, and Mack engines experienced problems with the Buna-N seals, which ultimately led to early failure of both the fuel injection system and engine components.

There are three ways to evaluate the lubricity of a fuel: 1) vehicle test, 2) fuel injection test

equipment bench test, and 3) a laboratory test (7). The least expensive and most time efficient of these tests is the laboratory lubricity test. Fuel injection equipment tests require 500-1000 hours of closely monitored operations (1-3 months). On road “vehicle tests” require a similar length of time (500-1000hrs), however, the data may not be available for as long as two years. The laboratory lubricity test provides a low cost, accurate evaluation, in less than one week.

The ASTM D 975 (13) standard specifications for diesel fuel oils in the United States as of this writing does not include a specification for lubricity. Wielligh, et al., (14) stated that there was a definite need for a diesel fuel lubricity standard. The ASTM D 6078 (15) standard for lubricity has been agreed upon by some engine manufacturers in Europe. These companies have selected test procedures to evaluate the lubricating quality of diesel fuel. For example,

Cummins Engine Company has determined that “3100g or greater as measured with the US Army SLBOCLE (ASTM D 6078) test or wear scare diameter of 380 microns at 25C as

measured with the HFRR (ASTM D 6079) methods” are adequate lubricity values for modern diesel engines. Fuel with SLBOCLE values above 2800g or an HFRR wear scar diameter that is less than 450 microns at 60C, or less than 380 microns at 25C, usually perform satisfactorily (7). According to LePera (2) ASTM D 975 will incorporate a lubricity standard by the year 2006, the next planned reduction in sulfur.

Munson and Hetz (12) noted that several standards existed and but that the petroleum industry was divided concerning which was the best test procedure. The tests that were available to evaluate lubricity included the: M-ROCLE (Munson roller on cylinder lubricity evaluator), SLBOCLE (scuffing load ball on cylinder lubricity evaluator), HFRR (high frequency reciprocating rig), and the SRV (optimal reciprocating rig).

The SRV test has a machine with a 10 mm steel ball sliding against a 25 mm diameter disc, in an off center mode. The ball is loaded in increments that are adjusted and the frequency and stroke of the sliding action can be changed. The friction between the ball and the disc results in torque being exerted on the disc and the torque is measured. A computer calculates the friction co-efficient based on the torque. The disc and ball are flooded by dripping the fuel onto the contracting surfaces (14).

The BOCLE and SLBOCLE test devices press a steel ball bearing against a steel rotating-ring that is partially immersed in the lubricity fluid. Weight is applied until a “scuff” mark is seen on the rotating cylinder (15). More specifically, a 12.7mm (0.5 inch) diameter steel ball is placed on a rotating cylinder. A load is applied in grams. After each successful test the ball  is replaced with a new one and more load is applied until a specific friction force is exceeded. Exceeding this friction force indicates that scuffing has occurred. The grams of force needed to produce the scuff or scoring on the rotating ring is recorded as per ASTM D 6078.

The HFRR test is a computer controlled reciprocating friction and wear test system. The HFRR test consists of a ball that is placed on a flat surface (16). The ball is then rapidly vibrated back and forth using a 1 mm stroke while a 200g mass is applied. After 75 minutes, the flat spot that has been worn in the steel ball is measured with a 100X microscope. The size of the spot is directly associated with the lubrication qualities of the fuel being tested.
