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The gas tightness of a metal-to-metal seal is affected by the presence or absence of grease, or by type of 
grease used. In this study, to clarify the influence of grease thermal degradation on gas tightness of metal-to-

metal seals coated with grease, gas tightness was evaluated at various temperatures. It was shown that gas 
tightness at room temperature is the best. In addition, gas tightness dropped in reverse proportion to a 
temperature rise from 125℃ to 180℃. The fiber of the grease thickener almost disappeared after being baked 
at 150℃. 
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1. Introduction 

Metal-to-metal seals such as metal gaskets are 
frequently used in severe high-pressure and high-

temperature environments. Some metal-to-metal seals 
were coated with grease to prevent damage to seal 
surfaces due to seal sliding during assembly [1]. Previous 
research [1] shows that gas tightness of metal-to-metal 
seals changes due to the presence or absence of grease, 
or due to the type of grease used. This indicates that 
micro gaps in grease filled between seal surfaces 
significantly contribute to gas tightness. In this study, 
the influence of grease thermal degradation on gas 
tightness was investigated. 

2. Gas tightness test 

2.1. Method 

Gas tightness at high temperature was evaluated from 
fundamental tests that simulate the metal-to-metal seals 
on premium threaded connections for oil country 
tubular goods. The specimens here were made of steel 
specified as Q125 by the American Petroleum Institute 
(API). The seal surfaces of the upper specimens were 
finished in phosphate manganese, and those of the lower 
specimens were as machined. In the tests, the upper 
specimens coated with the grease were pressed into 
lower specimens via rotation so as to simulate the same 
helical seal sliding as practical seals. Then, the 
specimens were heated up to the predetermined 
temperature. Finally, high-pressure gas was applied to 
the inside of the specimens until leakage occurred. 

 
Figure 1: Schematic drawing of the test specimens used 

for gas tightness tests 

2.2. Grease 

The lithium soap grease for threaded connections 
specified by API [2] was used. This grease contained 64 

mass% solid additives, which were graphite, lead, zinc, 
and copper. 

2.3. Gas tightness test results 

The leakage pressure at room temperature was the 
highest. In addition, the leakage pressure was dropped 
in reverse proportion to the temperature rise from 125℃ 
to 180℃. 

 
Figure 2: Result of gas tightness tests 

2.4. Degradation of grease 

Grease thermal degradation was studied with infrared 
spectroscopy, scanning electron microscopy of 
thickeners, and dynamic viscoelasticity measurement. 
The complex viscosity of the grease was dropped over 
120℃. In addition, the fiber of the thickener almost 
disappeared after being baked at 150℃.  

3. Discussion 

The tendency of the change in gas tightness by 
temperature almost corresponded to the change in the 
structure of the thickener. This indicates that the major 
cause of the gas tightness drop at high temperature is the 
collapse of the network-structure of the thickener. In 
this situation, the grease cannot maintain a semi-solid 
state, and the shear resistance of the grease for the high-

pressure load is decreased. 
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