Fuel Lubricity

What is it? What are the important effects?
Lubricity: The property of a lubricant that causes a difference in friction under conditions of boundary lubrication when all the known factors except the lubricant itself are the same. The lower the friction the higher the lubricity. [Kajdas, C., S.S.K. Harvey, and E. Wilusz, Encyclopedia of Tribology, Elsevier, New York, 1990.]

Lubricity is actually a very difficult property to characterize. In spite of the intent of the definition's attempt to separate the lubricity as a fluid property, it is also strongly dependent on the method used to measure it and on the characteristics of the solid surfaces being lubricated. For example, as friction occurs small particles of the solid material may be removed and entrained in the lubricant. In some applications, these particles will be swept away by a flow of lubricant while in others, the particles stay in the vicinity of the surface contact. Particles that are present in the area of surface contact may act very differently. In some cases, they may act as an abrasive to increase wear while in other cases, the particles may shield the surface from further wear. When trying to characterize lubricity, it is important to use a measurement technique that correlates well with the actual lubrication situation. In the case of diesel fuel, the fuel acts as a lubricant for the finely fitting parts in the diesel fuel injection system. While all diesel fuel injection systems depend on the fuel to act as a lubricant, rotary pump style injection systems seem to be the most sensitive to fuel lubricity.

Why and where is it important?
The need for diesel fuel lubricity has been recognized for many years. Most early concern focused on the use of #1 diesel fuel in place of #2 diesel fuel under cold weather conditions. Higher wear rates with #1 diesel fuel would be aggravated by #1 diesel fuel's lower viscosity. However, when the U.S. Environmental Protection Agency mandated that the sulfur content of on-highway diesel fuel be lowered from 5000 ppm to 500 ppm in 1993, fuel lubricity captured national attention. There is still disagreement about what specific fuel changes are caused by the sulfur reduction that result in lubricity reduction. Some have suggested that sulfur compounds themselves provide lubricity, others have suggested that nitrogen compounds or naphthenic hydrocarbons are responsible. In any case, there is general agreement that the hydrotreating process used by petroleum refineries to remove sulfur results in lower fuel lubricity. Recent regulations by the EPA to further lower the sulfur content of diesel fuel to 15 ppm are expected to make the fuel lubricity even worse.

The addition of small amounts of biodiesel (0.25% to 2%) to diesel fuel has a dramatic effect on the lubricity of that fuel. Pure biodiesel and high level blends have excellent lubricity.

Measurements of Lubricity 

There are two methods that are commonly used to measure lubricity, the Scuffing Load Ball On Cylinder Lubricity Evaluator (SLBOCLE - ASTM D 6078-99) and the High Frequency Reciprocating Rig (HFRR - ASTM D 6079-99).  

The apparatus used for the SLBOCLE test involves placing a steel ball bearing against a rotating steel ring whose lower edge is immersed in the test fluid.  Weight is gradually applied to the ball until a “scuff” mark is seen on the rotating ring.  The tangential force is also measured and the point of scuffing is indicated by a large increase in the friction coefficient.  The EMA has indicated that a weight of 3150 grams is representative of an acceptable lubricity level.  The higher this number, the better the fuel lubricity. 
The HFRR test also uses a steel ball but in this case the ball is held against a stationary disk and the ball is reciprocated back and forth across the disk with a frequency of 50 hertz.  The applied load is 200g and the test duration is 75 minutes.  The wear scar produced on the disk is measured and a scar diameter of less than 450 micron is considered to be acceptable. 
Schumacher and Adams [10th Biennial Bioenergy Conference – Bioenergy 2002, Boise, Idaho, Sept. 22-26, 2002] have measured the effect of low-level blends of soybean-based biodiesel on biodiesel that has been produced to meet 15 ppm sulfur levels.  Figure 1 shows SLBOCLE results for No. 2 diesel fuel with small amounts of biodiesel.  As little as 1% biodiesel changed the diesel fuel from an unacceptable level to an acceptable level. 
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Figure 1.  SLBOCLE for #2 Diesel 2004 Tier 2 Fuel, Biodiesel, and Biodiesel Blends 
Figure 2 shows the same effect for No. 1 diesel fuel that has also been treated to lower the sulfur contain to less than 15 ppm.  In this case, the lubricity of the original No. 1 diesel fuel was so low that even 2% biodiesel was not able to bring the lubricity back up to the acceptable level of 3150 grams.  However, the lubricity was greatly improved and it is unlikely that the engine would suffer damage from short term use at a lubricity level of 2880 grams.  

	

	
	[image: image2.png]6000
5000
4000
3000
2000
1000

100% #1
Diesel

1%
Biodiesel

2%
Biodiesel

100%
Biodiesel

grams

1250

2550

2880

5450








Figure 2.  SLBOCLE for #1 Diesel Fuel, Biodiesel, and Biodiesel Blends 
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Lubricity is the measure of the reduction in friction of a lubricant. The study of lubrication and mechanism wear is called tribology.
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[edit] Measurement of lubricity
Lubricity of a material cannot be directly measured, so tests are performed to quantify a lubricant's performance. This is done by determining how much wear is caused to a surface by a given friction-inducing object in a given amount of time. Other factors such as surface size, temperature, and pressure are also specified. The greater the wear scar the worse the lubricity. For this reason lubricity is also termed a substance's anti-wear property.

Examples of test setups include "Ball-on-cylinder" and "Ball-on-three-discs" tests.

[edit] Lubricity in diesel engines
In a modern diesel engine, the fuel is part of the engine lubrication process. Diesel fuel naturally contains sulfur compounds that provide good lubricity, but because of regulations in many countries (such as the US and the EU) sulfur must be removed. Reformulated diesel fuel has a lower lubricity and requires lubricity improving additives to prevent excessive engine wear.[1] [2] [3]
[edit] See also
· Boundary lubrication
· Superlubricity
· Tribology
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News You Can Use. . .on Ultra Low Sulfur Diesel Fuel (ULSD)

1. What is Ultra Low Sulfur Diesel (ULSD) fuel? 
ULSD was mandated by the Environmental Protection Agency (EPA) to be sold at all retail pumps by October of 2006. This new fuel is a reduced sulfur content formula of diesel fuel. Sulfur content went from 500 parts per million (ppm) to 15 ppm in this new fuel. The reduction of sulfur is mandated to reduce sulfur dioxide emissions 

2. Do new diesel engines require use of ULSD? 
Yes, all new highway diesel engines are required to use ULSD fuels 

3. Can I use ULSD fuels in an older diesel engine? 
Yes. However there are things to be concerned with. ULSD fuel has less sulfur. Sulfur, Nitrogen, and Oxygen containing compounds are known to improve lubricity of diesel fuel. New ULSD fuels that have very low sulfur content will be drier and may not adequately lubricate the fuel system. Potential problems include fuel-injector and/or fuel pump failure 

4. How can I add lubricity to my ULSD ? 
Lubricity additives will not be added at the refinery to replace the reduced sulfur content. Some diesel fuel additives do contain lubricity additives. All Power Service brand diesel additives contain a proprietary lubricity additive called "Slickdiesel", for maximum fuel lubrication. 

5. I've noticed that my diesel engine has lost power since the introduction of ULSD. Is this a result of the new fuels? 
Yes, ULSD fuels have a lower BTU value and thus when burned in a diesel engine will result in less power. The density of the fuel is reduced between 3-5%. The loss of power may vary depending on the engine, load and driving conditions. Cetane enhanced products can offset this power loss. Cetane is a high energy compound that makes the fuel burn more completely in the combustion chamber, resulting in more power, reduced emissions, and improved fuel economy. Power Service diesel additives contain "+Cetane Boost" to offset this power loss while also improving fuel economy and reducing emissions. 

6. Do diesel fuel additives have to be ULSD compliant? 
Yes. The EPA mandates that all diesel fuel additives contain one of two statements depending on ULSD compliance. Compliant is defined as the additives itself being less than 15 ppm in sulfur content. 

Those diesel fuel additives that are compliant have this statement: 

This diesel fuel additive complies with the federal low sulfur content requirements for use in diesel motor vehicles and nonroad engines.
Those additives that are greater than 15 ppm in sulfur content are deemed non-compliant and must have this statement: 

This diesel fuel additive does not comply with federal ultra-low sulfur content requirements for use in model year 2007 and newer diesel motor vehicles or model year 2011 and newer diesel nonroad equipment engines.
Biodiesel Lubricity

Leon Schumacher
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Introduction

The need to reduce the exhaust emissions of diesel engines has driven the development of new diesel engine technology. These innovations have focused on the development of: 1) diesel fuel injection technology, 2) exhaust after-treatment technology, and 3) diesel fuel that has been refined to higher standards. The diesel fuel injection technology of a modern diesel engine operates at higher pressures than its counterparts (1). This new technology has demanded better lubrication from the diesel fuel that has traditionally lubricated the fuel injection system of the diesel engine.

Prior to October 1993, the diesel fuel that was sold in the US had a sulfur level of approximately 5000 ppm. In 1993, the Environmental Protection Agency (EPA) mandated that all diesel fuel sold in the US contain 500 ppm or less sulfur. The petroleum refineries, largely due to special hydrotreating of the diesel fuel, produced a cleaner diesel fuel that met this requirement.

On June 1, 2006 the EPA will again lower the level of sulfur in petroleum diesel fuel. The new standard will be 15 ppm. This reduction of sulfur is projected to reduce diesel engine exhaust emissions by as much as 90% when compared to the 500 ppm low sulfur diesel fuel era. The reduction in engine exhaust emissions is projected for new diesel engines that are equipped with diesel engine exhaust catalytic converters.

Research has demonstrated that catalytic converters last longer, aromatic hydrocarbon

emissions are lower, and oxides of nitrogen emissions are lower when cleaner fuels are burned in diesel engines. Unfortunately, the hydrotreating that was used to reduce the sulfur produced a fuel that sometimes failed to provide adequate lubrication for the fuel injection system of the diesel engine (1) (2) (3) (4).

Lubricity analysis using the SLBOCLE and HFRR test procedures have indicated that the new 15 ppm low sulfur diesel fuel will exhibit lower lubricity than found in 500 ppm diesel fuel (5). Engine manufacturers have proven that a single tankful of diesel fuel with extremely low lubricity can cause the diesel fuel injection pump to fail catastrophically.

Research conducted using 1-2 percent blends of biodiesel mixed with petroleum diesel fuel

revealed an increase in lubricity (6). HFRR test procedures using a two percent blend of

biodiesel reduced the wear scar diameter by nearly 60 percent (from 513 to 200 microns).

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 than 500 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) 3 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 hydroteating 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 4 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.

Lubricity test procedures that have ASTM and EuroNorme (EN) recognition

Engine companies needed a quick, dependable, cost effective solution to predict fuel

performance in a real injection pump. Two tests have emerged: High Frequency

Reciprocating Rig (HFRR), (this was a collaborative development by PCS Instruments Ltd,

London and the Imperial College of Science and Technology, and the Scuffing Load Ball On Cylinder Lubricity Evaluator (SL-BOCLE), (developed at Southwest Research Institute – (SWI)). The SL-BOCLE was developed by modifying the existing instrument (BOCLE) at SWI that had been used to measure the lubricity of jet fuel.
European engine manufacturers and fuel injection pump manufacturers developed a round

robin program in an effort to determine which of these two test procedures were most accurate. As noted earlier in the chapter, if the HFRR wear scar diameter is less than 450 microns, the fuel will usually perform satisfactorily. According to European engine manufacturers, the HFRR was found to give the best correlation to diesel fuel injection pump durability. This test procedure was adopted as the Commission on European Communities (CEC) standard in 1996. The Europeans have amended EN 590 to include a lubricity standard. The HFRR test procedure was selected with a maximum wear s car diameter of 460 microns.

In the United States, the Engine Manufacturer’s Association (EMA) guideline recommends the use of the SL-BOCLE test with a 3100g minimum. The state of California recommends a 3000g (SLBOCLE) minimum. There are investigations and additional discussion among engine manufacturers in the US that will ultimately lead to a specification. However, it is important to note, that in the absence of a standard, each refiner has set its own threshold for diesel fuel lubricity.

Since the data developed from these two test procedures is not an exact science, reports can be found that specify an HFRR of 500 or 550 microns and SLBOCLE of 2800 or 3000 or 3100 and even 3150 grams. In short, comparing information taken using the SLBOCLE and HFRR is not precise. Further, most supporting information suggests that the proposed 520 micron HFRR level is not a lower lubricity value when compared to the 3,100 gram SLBOCLE level. Some engine manufactures suggest that the HFRR may be a better predictor of fuel lubricity for the engine.

According to the literature, the HFRR test method also is less operator- intensive than the

SLBOCLE test method. Since much of the variation noted when using the SLBOCLE test

5 procedure seems to be associated with operator differences / techniques, the HFRR may win out as the test of choice. The adoption of the HFRR would ultimately allow engine and fuel system manufacturers to more easily compare their test results.
Analytical variation of lubricity tests

With every analytical test procedure, the information obtained can sometimes vary from one

laboratory to the next. Further, the information obtained can vary from one lab technician to the next in the same laboratory using the same analytical test equipment. Some companies report compensating for this variation of the SLBOCLE test by allowing a +/-300g range from the target weight of 3100g. The repeatability of the SLBOCLE is +/- 900g and the reproducibility is +/- 1500g (7). A similar effect, although with a smaller range is noted for the HFRR test where the repeatability of the HFRR is +/- 0.8 and the reproducibility is +/- 0.136.

Impact of using biodiesel as a lubricity additive

A study conducted at Iowa State (17) evaluated the lubricity of virgin vegetable oil. This same study provided an overview of the lubricity of number one and number two diesel fuel 500 ppm low sulfur diesel fuel. Please note Table 1 that follows:

Table 1. Lubricity test results for low sulfur diesel fuel, vegetable oil, and biodiesel blends.

Additive

F2 Commercial #2

with additivesF3 Kerosene

(#1 diesel)

F4 Amoco #2

with corrosion

inhibitor

/no other additive

SLBOCLE HFRR SLBOCLE HFRR SLBOCLE HFRR

NONE 4150 376 1250 675 4200 531

1% soybean oil 4150 365 3050 468 4550 303

1% methyl soyate 5200 251 3700 294 4775 233

Engine Manufacturer's Standards: SLBOCLE = >3150, HFRR = <450

As noted in this table, Van Gerpen noted a standard (3150g) that was marginally different from the standards establish by the ASTM for the SL-BOCLE (3100g) and HFRR test procedures. The 500 ppm low sulfur number one diesel fuel (kerosene) required a lubricity additive prior to use in a diesel engine.

When early research clearly supported the premise that biodiesel indeed had good lubricity, and that the tests conducted suggested that it was nearly two times more able to provide lubricity than petroleum diesel fuel, researchers set out to determine The primary goal was to determine if blends of the new low sulfur diesel fuel (15 ppm or less) and biodiesel (1-2%) would provide adequate lubrication for the diesel fuel injection systems of the diesel engine.

Blends of 1% biodiesel, 2% (and more), were prepared on a volumetric basis for lubricity

testing. These blended fuels were analyzed by independent laboratories using ASTM

SLBOCLE test procedures. 6 SLBOCLE tests were conducted on the number one and number two diesel fuel (Tier 2 2004) and biodiesel. The results of these tests are reported below. Williams Laboratory determined the lubricity using ASTM Test procedure D 6078.

Table 2. SL-BOCLE test results for ultra low sulfur diesel fuel and biodiesel blends.

Fuel

0% BD

(100%

DF) ½ % BD 1% BD 2% BD 4% BD 12%

BD

100%

BD

Number 1 1250g N/A 2550g 2880g 2950g 4200g 5450g

Number 2 2100g 2600g 3400g 3500g N/A N/A 5450g

Several diesel engine manufacturers have indicated that an SLBOCLE of 3100g (Chevron

reports 2800g) provides adequate lubrication for a modern diesel fuel injection system. Table 2 above reports that a one percent replacement of number two diesel fuel with biodiesel will provide adequate lubrication for the injection system of a diesel engine. The increase in lubricity for the number one diesel fuel, when additized to the level of four percent, fell short of the ASTM SL-BOCLE lubricity standard. Based on these data and information subsequently gathered at the University of Missouri during May 2004 (18), at least five to six percent biodiesel will need to be added to increase the lubricity of the new ultra low sulfur number one diesel fuel above 3100g.

Summary

The data available via engine manufacturers, ASTM, EN, CEC and private companies

suggested that the lubricity of the 15 ppm low sulfur petroleum diesel fuel will be lower than the existing 500 ppm low sulfur diesel fuel. Severe hydrotreating of the diesel fuel was used to remove the sulfur from the diesel fuel. The end result was a cleaner fuel, but also one that was poor in lubricity. Petroleum distributors are planning to use a lubricity additive to prevent premature failure of the diesel fuel injection system when the new diesel fuel is mandated into use by the EPA on June 1, 2006.

The diesel fuel injection system of a modern diesel engine requires better lubrication due to

higher operating pressures than previously used in diesel fuel injection technology. Several

lubricity test procedures have been developed by the engine manufacturers together with the petroleum industry in an effort to ensure that the diesel fuel injection system does not fail prematurely. Two of these test procedures have emerged as bench lubricity evaluators- the SLBOCLE and the HFRR test procedures. Although several researchers contend that the SLBOCLE correlates more closely with injection pump durability tests (9), the HFRR test

procedure appears to be gaining in popularity as the EN has adopted this test procedure as a standard EN590.

The lubricity of petroleum diesel fuel was at one time believed to be directly related to the

viscosity of the diesel fuel. Although viscosity and fuel temperature tend to be correlated with a high lubricity diesel fuel, researchers have determined that other compounds are responsible for the natural lubricity of diesel fuel. They have also determined that the removal of the sulfur has not lowered the lubricity of the fuel, rather, the removal of oxygen and nitrogen during desulphurization has resulted in a diesel fuel that is low in lubricity.
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Lubricity research has revealed that the lubricity of low sulfur number one diesel fuel will be

lower than the lubricity of number two diesel fuel. The lubricity of number two diesel fuel was noticeably lower than what the EMA, EN, and the CEC have established as an acceptable level for diesel fuel lubricity. The addition of small quantities of Biodiesel with number one and number two diesel fuel (Tier 2, 2004) significantly improved the lubricity of the diesel fuel.

Blending as little as one to two percent biodiesel with petroleum diesel fuel increased the

lubricity to an acceptable level for the new ultra low sulfur (15 ppm) number two diesel fuel.

Since the new number one Tier 2 diesel fuel is not yet in production, the amount of biodiesel

that will be needed to raise the lubricity to an acceptable level is unknown. However, based on lubricity research that was conducted using 15 ppm low sulfur number one fuel (with a similar distillation curve and viscosity as the present day 500 ppm number one diesel fuel), as much as five to six percent biodiesel may be needed to raise the lubricity to a level that meets the lubricity guidelines set forth by the EMA, EN, and CEC.
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ULSD could trigger other problems besides lubricity
Jack Peckham

Severe hydrotreating of diesel fuel to achieve the <15 ppm sulfur limits for up coming ultra-low-sulfur diesel (ULSD) standards will have varying impacts on lubricity of diesel fuel, hence the intense interest in a new lubricity standard at American Society for Testing & Materials (ASTM).

But meantime, evidence is emerging that other fuel properties also could be affected, including cold-flow, corrosion resistance, oxidation tendency and conductivity, according to some leading diesel additives makers.

A potential corrosion problem with ULSD may seem paradoxical, given that hydro-treating diesel fuel tends to destroy organic acids that could -- if present in high-enough amounts -- cause corrosion in fuel delivery systems, as Chevron pointed out in its 1998 manual, "Diesel Fuels Technical Review."

Example: Virgin distillate streams from high-naphthene crudes can be caustic-treated to avoid excessive corrosion. On the other hand, hydrotreating to meet ULSD specs could offset the need for steps such as caustic treating.

However, it's not necessarily true that all crudes and all hydrotreating processes always will have the same impact on the anticorrosive properties of the resulting fuel.

Ironically, anti-corrosive agents added to diesel fuel are themselves organic acids, but due to their unique properties - and since they're in such small quantities, as additives - they improve the corrosion resistance of fuel, rather than degrade it, Infineum fuel additives expert Chip Millard explains.

However, the destruction of corrosive organic acids via hydrotreating indicates that "ULSD should not be more corrosive," as a Chevron technical source told us.

"All corrosive components are removed and [ULSD] dissolves less water than normal diesel fuel. It is possible that people realize that in some cases hydrotreating to reduce sulfur can reduce lubricity. Some add corrosion inhibitors to restore fuel lubricity; maybe they feel that if they are adding corrosion inhibitor to the ULSD, then it is more corrosive.

Another viewpoint on emerging ULSD quality issues appears in a recent booklet, "New Diesel Fuels: They Are In Your Future For Nonroad Equipment," produced for Equipment Manufacturers Institute (EMI), makers of agricultural and other diesel equipment.

The EMI booklet (not original research, but rather a compilation of some commercial web site information) points out that "ultra-low sulfur fuels can lose natural antioxidants that help prevent the fuel from forming gums and sludges. A fuel's antioxidation properties are particularly important in modern fuel systems, where the fuel is exposed to higher operating temperatures. Ultra-low sulfur fuels can also be more corrosive than conventional diesel, requiring corrosion-inhibiting additives."

It turns out that this information comes from Lubrizol's "Diesel Trends" series on its web site, as EMI booklet author Glenn Keller (formerly the executive director of Engine Manufacturers Association) told us.

Besides the anti-oxidant and anticorrosion property changes, electrical conductivity of diesel fuel also could be degraded by the loss of polar compounds during hydrotreating, Lubrizol contends. That could be an issue because some high-velocity pumps at fuel terminals can expose fuel to "significant static electrical charges," Lubrizol says.

As for the Chevron view on ULSD likely to be less corrosive, here's what Lubrizol's Keith Corkwell told us when we asked about that:

"The true effect of hydrotreating on the anti-corrosive properties of the fuel will depend on the composition of the fuel before and after hydrotreating . . . Hydrotreating to produce ULSD can certainly affect the fuel's lubricity, anti-corrosive, anti-oxidant and conductivity properties.

"While the magnitude of the effect (or possibly the direction of the effect in the anticorrosive properties) will depend on the fuel and the severity of the hydrotreating, all of these properties should be monitored by the refiner.

"Keep in mind that fuels are very complex mixtures and these properties can also be affected by refinery processes other than hydrotreating. The final effect on the fuel will depend greatly on how the refinery is rebalanced or reconfigured to produce ULSD."

Still another potentially major issue with ULSD is cold-flow, according to Infineum.

Reason: Some refiners will make changes to the way they make diesel fuel in order to accommodate limited hydrodesulfurization (HDS) capacity, Infineum points out.

"Changes in refinery operations are often needed, such as reducing [distillation] cut points to accommodate limited HDS capacity or altering fuel blending patterns to change the use of components between diesel fuel and heating oil," Infineum says.

"As with lubricity, the impact [of ULSD production] is refinery-specific: MDFI [middle distillate flow improver] response can get better or worse depending on several factors, including the crude oil source and the boiling range of the final blend. Maintaining low temperature performance will involve a change in the additive treatment - perhaps moving to a different treat rate, or changing to a new additive that is best suited to the type of fuel being produced.

"In many cases, refineries will be producing diesel fuel types with a narrower boiling range.

"When these narrower fuels cool, they produce large, irregular-shaped wax crystals that are less-easy to treat with conventional additive chemistries," but can be treated with some newer additive technologies, Infineum says.

These new technologies "may enable refineries to produce ULSD in a more economic way, because it will generally prove cheaper to produce fuel with low-temperature characteristics outside the fuel specification, and the use additives to restore the fuel quality."
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