
INTRODUCTION
The aviation industry has seen huge growth since early of this 
century. However, the soaring price of the aviation fuel and the 
issue of fossil fuel depletion and environmental degradation 
force the aviation industry to search for alternative fuels. Of all 
the alternative fuels, the synthesized paraffinic kerosine (SPK) 
produced from hydroprocessed esters and fatty acids (HEFAs) 
is of great interest since such fuel can be produced from 
nonpetroleum feedstocks and such fuel is also called “biofuel”, 
which uses used cooking oil or biomass such as corn, 
soybeans, algae et al as the feedstock to make high-quality jet 
fuel. Besides providing the aviation industry an alternative to 
petroleum-based fuels, developing the biofuels for aviation will 
enable the industry to reduce its carbon footprint by reducing 
lifecycle greenhouse gas emissions. More importantly, 
compared to conventional petroleum derived fuels, SPK 
produced from HEFAs has already exhibited the characteristics 
of excellent thermal oxidative stability, extra low sulfur content 
and significantly low particulate matter emissions. Even all 
above advantages the problem associated with the SPK is the 
extremely low aromatic content, which is believed to lead to the 
shrinkage, hardening and failure of polymeric materials such 
as fuel tank sealant and O-ring seals.

To solve the issue of compatibility of SPK with aircraft fuel tank 
elastomers, the standard specification for aviation turbine fuel 
containing synthesized hydrocarbon, known as ASTM D7566-
13, requires the maximum mix ratio between SPK and 
traditional petroleum based fossil fuel is 50:50. However, such 
practice negates the advantages of a fully petroleum free fuel 
and will limit the beneficial operational properties of the 
synthetic fuel by increasing the undesirable particulate matter 
and gaseous emissions. Currently, there is limited knowledge 
about the influence of aromatic types on the strength of the 
interactions between fuel and fuel system materials. There is 
also no solid theory to explain how much aromatics is needed 
to eliminate the problems associated with material 
compatibility. Research report by Boeing and University of 
Dayton Research Institute illustrates the volume swells of 
aircraft sealants and gaskets are a sensitive function of 
material properties and analysis of absorbed fuel on the 
elastomers shows the diffusion of aromatic compounds into the 
polymer matrix is highly related to the types of aromatics. 
Studies also show that oxygenates, sulfur containing 
compounds and acidic compounds in the fuel will corrode the 
materials in the aircraft fuel system. It is of great interest to 
investigate the impacts of these variables on material 
compatibility performance. The profound understanding the 
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effect of aromatic concentration on swellability of the nonmetal 
material will facilitate better application of SPK in current 
aircraft system.

In this research the widely used aircraft fuel tank elastomers 
such as polysulfide and fluorosilicone sealants, nitrile, 
fluorosilicone and fluorocarbon gaskets, were selected as the 
model compounds to study their compatibilities with SPK and 
its blends. The effects of volume percentage of traditional 
petroleum based jet fuel in the SPK blend on material 
swellability were systematically studied. Material elongation 
and hardness were also evaluated after aging in SPK and its 
blends at specified temperature for certain amount of time. 
Moreover, the impact of non-metal material on fuel quality was 
also investigated. Results attained in this research will provide 
the basic information needed to further investigate the 
possibility of generalizing SPK and its blends application in the 
civil aviation industry.

EXPERIMENTAL

Sealants and Gaskets
Two types of aircraft fuel tank sealants and three different 
O-rings were selected as the model compounds to study their 
compatibilities with SPK and its blends. The detailed 
information about the sealants and the gaskets was provided in 
Table 1. The sealants were provided by PPG Industries in the 
form of SemKit package and O-rings were provided by Texas 
Seal Supply Co. Inc without further treatment. The procedure 
to prepare the sealant was as follows: inject the curing agent 
using the dasher rod provided by the package. Then 
thoroughly mix entire contents by rotating the rod in a spiral 
clockwise motion with each stroke while avoiding fast stir to 
reduce the generation of gas bubble. After 60 strokes the well 
mixed mixture was injected into a dedicated dispensing gun 
and the uncured sealant was obtained by injection of mixture 
into the mold. The sealant was cured in constant temperature 
and humidity chamber for 14 days under 25°C with 50% 
relative humidity. When the ultimate cured hardness of the 
sealant was above 50 A the sealant was regarded as qualified.

Table 1. Properties of Sealants and Gaskets

Fuel Preparation
The SPK was provided by Hangzhou refinery of China Sinopec 
and the traditional petroleum based No. 3 jet fuel was provided 
by Luoyang refinery of China Sinopec. The SPK feedstock was 
from used cooking oil solely from MacDonald. The SPK was 
manufactured by the well known hydroprocessing technology, 
which included hydrotreating and isomerization/selective 
hydrocracking two steps. Table 2 and Table 3 provided the 
basic physical and chemical properties of SPK and No. 3 jet 
fuel. Since the purpose of this study was to investigate the 
effects of SPK and its blends on material compatibility 
characteristics of relevant elastomers, SPK blends with 
different volume ratio of No. 3 jet fuel were prepared and the 
maximum ratio between No.3 jet fuel and SPK was 50:50. 
Table 4 illustrated the specification of aviation turbine fuels 
containing 50 vol. % SPK. Compared with the detailed 
requirements by the Jet A-1 listed in ASTM D 1655 the blend 
also satisfied the requirements of minimum aromatics contents 
of 8 vol.% and the least difference of distillation temperature 
between 50 and 10 of 15°C and between 90 and 10 of 40°C 
listed in ASTM D 7566.

Table 2. Physical and Chemical Properties of SPK produced from used 
cooking oils

Chen / SAE Int. J. Aerosp. / Volume 7, Issue 1 (September 2014) 165

Full document details: SAE 2014-01-9001

http://www.avadocuments.com/doc/sae-2014-01-9001
http://www.avadocuments.com/doc/sae-2014-01-9001


Table 3. Physical and Chemical Properties of No.3 Jet fuel

Table 4. Physical and Chemical Properties of Aviation Turbine Fuel 
Containing 50 vol.% SPK

Material Compatibility Test
Since the main obstacle related to the implementation of SPK 
application to current aircrafts was the issue of elastomer 
swellability and lubricity, three material properties, the volume 
swell, elongation and hardness, were selected as the criteria to 
evaluate elastomer compatibility with SPK and its blends. The 
volume swell test followed exactly the same as ASTM D 471 
standard test method for rubber property-effect of liquids. The 
elongation test for the PR-1440 and PR-2911 sealants followed 
exactly the same as the ASTM D 412 test methods for 
vulcanized rubber and thermoplastic elastomers-tension and 
for gasket O-rings followed exactly the same as ASTM D 1414 
standard test methods for rubber O-rings. The hardness test 
for sealants and gaskets followed ASTM D2240 test method for 
rubber property-Durometer hardness. The test samples were 
soaked in SPK and its blends under specified conditions after 
they were kept in 23±2°C testing room for at least 30 minutes.

The variations of volume swellability, elongation and hardness 
were determined by measuring the changes in physical 
properties, such as changes in mass, volume, and dimension, 
and the change of indentation, before and after aging in SPK 
and its blends. Before each experiment the testing samples 
were weighted in the air (M1) and in the distillated water (M2). 
Then the samples were completely soaked into tubes 
containing 100 ml fluid. Due to the fuel volatility characteristics, 
the test tube should be tightly fitted with a stopper and a reflux 
condenser. During the test the fuel should be maintained at 93 
°C for sealants (71°C for nitrile, 107°C for fluorosilicone gasket 
and 153°C for fluorocarbon) for 28 days with fuel sample 
replaced at the 14th day. At the end of the experiment the 
soaked sealants were thoroughly cleaned with acetone and 
weighted in air (M3) and in distillated water (M4).The volume 
change was calculated as follows:

The O-ring elongation before and after aging was determined 
by following equation:

where D was the distance between centers of the spool grips 
at the time of rupture of test sample, G was the circumference 
of one spool and C was the inside circumference of the 
specimen. The elongation for sealant was calculated as 
follows:

where L was the observed distance between bench marks of 
stressed sample and L0 was the original distance between 
bench marks. The elastomer hardness was measured by 
Durometer based on indentation after a specified period of 
time.
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