
INTRODUCTION
Lubricity is a crucial quality parameter for diesel fuels. It is only 
the fuel that provides lubrication for the fuel injection equipment 
in most light and heavy duty diesel engine applications. 
Therefore, this characteristic must remain at a satisfactory 
level. Otherwise excessive wear or even catastrophic failures 
may occur. As such, oil refiners aim to give consumers a 
product that in no circumstance jeopardize the fuel injection 
equipment of their vehicle.

Lack of lubricity first became an issue some 20 years ago, 
when new European legislation began demanding fuels with 
lower sulfur levels. This is achieved by a process called 
hydrotreating. In addition to removing sulfur compounds from 
the fuel, it also eliminates other polar oxygen and nitrogen 
containing components which are found in trace amounts in 
diesel fuel. These polar components are mainly responsible for 

the anti-wear properties of diesel fuel. In some regions, 
Sweden for example, a rapid reduction in fuel sulfur content led 
to problems in the field, causing severe damage to vehicles 
using the new sulfur-free fuels.

Since then, a considerable amount of effort has been put into 
developing a quick and reliable test method to determine the 
lubricating qualities of a given fuel. The EN 590 standard 
requires a test method called HFRR (High Frequency 
Reciprocating Rig). However, other methods exist, and in this 
study SLBOCLE (Scuffing Load Ball-On-Cylinder Lubricity 
Evaluator) was utilized as well.

Since these two laboratory methods are used to measure more 
or less the same variable, it is important to know how the 
methods correlate with each other. A comprehensive study of 
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shown good behavior in the market, if the suggested limit is applied. The writers feel that the repeatability and 
reproducibility of SLBOCLE method would need substantial improvement.

CITATION: Lehto, K., Vepsäläinen, A., Kiiski, U., and Kuronen, M., "Diesel Fuel Lubricity Comparisons with HFRR and Scuffing 
Load Ball-on-Cylinder Lubricity Evaluator Methods," SAE Int. J. Fuels Lubr. 7(3):2014, doi:10.4271/2014-01-2761.

2014-01-2761
Published 10/13/2014

Copyright © 2014 SAE International
doi:10.4271/2014-01-2761

saefuel.saejournals.org

842

Full document details: SAE 2014-01-2761

http://dx.doi.org/10.4271/2014-01-2761
http://saefuel.saejournals.org/
http://www.avadocuments.com/doc/sae-2014-01-2761
http://www.avadocuments.com/doc/sae-2014-01-2761


the two methods was carried out in the late 1990s, and the 
results are reported by Manuch Nikanjam of the Chevron 
Products Company [1].

Earlier, an ISO (International Organization for Standardization) 
round robin program [2] had identified a 450 μm maximum limit 
for HFRR and a 3100 g minimum limit for SLBOCLE. Since 
their results were not consistent in a way that an acceptable 
HFRR result would also give an acceptable SLBOCLE result 
and vice versa, one has to conclude that the methods do not 
correlate well with each other.

Furthermore, if one had total confidence in one method, the 
other method could be ruled out as inaccurate. Nikanjam [1] is 
prone to trusting SLBOCLE more, based on good field 
experience of low aromatics fuels in California since 1993. In 
contrast, HFRR has been the prevailing test method of the 
since it was introduced to EN 590 standard in the mid 1990's, 
and no major problems in the field have arisen either. However, 
there is some indication that HFRR may underestimate lubricity 
properties of a fuel and lead to excessive use of additives [3]. 
Therefore, fuels that exceed the HFRR limit slightly may still 
provide adequate field performance. Nonetheless, HFRR has 
been successfully utilized in the recent years, and it remains 
the standard method for fuel lubricity.

The industry understanding of diesel fuel lubricity has greatly 
improved over the past 20 years, and due to widespread use of 
lubricity additives it is no longer a pressing issue. However, as 
common rail systems have gained popularity in automotive use 
since the early 2000s, researching lubricity and its effects in 
modern fuel injection equipment have become topical again. 
Also, the importance of testing new renewable fuels, both in 
the laboratory and on a test bench, is on the rise.

METHODS

High Frequency Reciprocating Rig - HFRR
The standard test method for diesel fuel lubricity in Europe is 
the High Frequency Reciprocating Rig, or HFRR. The method 
is described in the standards ISO 12156 [4] and ASTM D 6079 
[5]. These two standards differ in the way of reference 
measurements, repeatability and reproducibility and in that the 
ASTM method uses the direct measurement result, whereas 
the ISO method uses a wear scar diameter corrected with a 
humidity factor. For this paper, the ISO method was used for all 
measurements.

The repeatability of the ISO 12156 method for HFRR is 63 μm 
and the reproducibility 102 μm [4].

Scuffing Load Ball-On-Cylinder Lubricity 
Evaluator - SLBOCLE
The Scuffing Load Ball-On-Cylinder Lubricity Evaluator 
(SLBOCLE) is another piece of equipment used for testing 
diesel fuel lubricity. The method for running the test is outlined 

in the ASTM D 6078 standard [6]. Where the HFRR produces 
sliding wear on the test specimen, the SLBOCLE produces 
scuffing wear.

The repeatability of the ASTM D 6078 for SLBOCLE is 900 g 
and the reproducibility 1500 g [6].

A comparison of the specifications of the two used methods is 
presented in Table 1.

Table 1. Lubricity test method comparison.

Test fuels
Three base fuels were used in this study. The fuels were 100 
% fossil winter grade diesel, 100 % HVO, and a blend of 70 % 
fossil diesel and 30 % of HVO. The test fuel properties are 
presented in Table 2. More information on HVO can be found in 
SAE 2008-01-2500 [7].

The winter grade fossil diesel fulfils the severe winter 
requirements of the EN 590 standard [8]. In cold climates, 
properties such as density and viscosity are allowed lower 
values for better cold performance, namely lower cloud point 
and CFPP.

The HVO type fuel, on the other hand, complies with the 
paraffinic diesel fuel technical specification (CEN/TS 
15940:2012) Class A without FAME [9]. Different requirements 
are a result of HVO being a purely paraffinic fuel, and paraffins 
have lower density compared with other diesel fuel 
hydrocarbon classes with the same number of carbon atoms 
[10]. For this reason, paraffinic fuels such as HVO are usually 
blended with regular diesel fuels. The blend then has sufficient 
density to meet the EN 590 standard and it still holds the good 
properties of the HVO fuel, such as high cetane number. The 
70 % fossil + 30 % HVO blend is an example of such a fuel 
blend in this study.
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Table 2. Base fuel properties

Lubricity additives used
Typical chemical structure for a lubricity additive consists of a 
polar functional group and an oleophilic part [11] [12]. Three 
types of functional groups are commonly in use: carboxylic 
acid, carboxylic acid ester and carboxylic acid amide. These 
can be called acid, ester and amide for short. The functional 
group makes a compound polar, which makes it surface active 
and a good boundary lubricant. Correspondingly oleophilic part 
makes the additive fuel soluble.

In this study, two chemically different additives were used. The 
additives will be called acid and ester based on their functional 
groups, instead of their trade names. Furthermore, RME was 
used as an additive in a sense, as it was added to the base 
fuels in minor concentrations. This was done because fatty 
acid methyl ester (FAME) type fuels are well known for 
improving lubricity [13].

Treat rates
The treat rate for both commercial additives was investigated 
by performing HFRR tests and finding concentrations that 
produced good, borderline and poor lubricity. These doses are 
called high, medium and low doses, respectively. Borderline 
lubricity was termed to mean a result of 460 μm, which is the 
limit defined in the EN 590 standard. Moreover, good and poor 
lubricities were thought to mean a result that significantly 
differs from the standard limit, less than 400 μm and over 500 
μm to give an example. Still, as slight changes in the additive 
concentration can produce drastic changes in the wear scar 
diameter, and taking the repeatability of the procedure into 
account, these values were not taken as a definite guideline.

Overdosing with lubricity additives is an unnecessary cost. 
Thus, it is in the interest of refineries to research additives and 
dosing rates, as well as their impact on fuel injection equipment.

RME
Three different RME concentrations (volume) chosen were 0,5 
%, 2 % and 7 %. The lowest concentration was designed to 
give an unacceptable result with HFRR, 2 % was an 
acceptable level and 7 % is the maximum allowed RME 
concentration within EN 590.

RESULTS AND DISCUSSION
In this chapter the results are presented and discussed with 
one lubricity additive at a time.

Ester additive
The HFRR response for all three base fuels with different 
treating rates using ester lubricity additive is presented in 
Figure 1 and the SLBOCLE response with same fuels and treat 
rates is presented in Figure 2.

Figure 1. HFRR response with all test fuels and varied ester lubricity 
additive treat rates. The red line is the HFRR maximum limit of 460 μm 
defined in EN 590 [8].
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