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Introduction 
 

The desire to absolutely avoid leakage proves an unattainable goal not 
only because of physical problems but also because of economic 
demands. Compromises are indispensable. On the other head, under 
certain circumstances even relatively high leakage rates may be 
considered harmless. The requirement to seal rotating shafts of 
various machinery in the course of technical evolution has resulted in 
a vast variety of the sealing systems. The sealing systems, which 
dominate the seal market with regard to production volume and 
turnover still hold many problems for both seal manufacturers and the 
user. 
This booklet presents fundamental aspects regarding mechanical seals 
selection and designed to guide the seal users to finalise primary 
parameters of mechanical seals. The seal users are requested to 
contact “Sigma Seals” in case they need further help. 
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NO UNIVERSAL SEALS 
 

Just as there are different tools for different jobs, there are different seals 
for different applications. 

 
Seal types are selected on their ability to handle: 
 

� Fluid 
 

� Pressure 
 

� Temperature 
 

� Shaft Speed 
 

� And Many Other Considerations (like criticality of operation; life expectancy etc.) 
 
However, each piece of equipment does not require its own special seal type! 
 
Most industrial sealing applications can be handled with just a few common seal types. 
 
This reduces inventory, confusion and errors! 
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Advantages of Mechanical Seals 
 

Packing vs Mechanical Seals 
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Packing 
• Is not a seal but rather a restricting 

device. Requires leakage to carry 
away the heat otherwise it will 
burn.  

• Product loss. 
• Will groove and wear shafts and 

sleeves.   
• High horsepower load to overcome 

friction. 
• Requires maintenance time and 

downtime for installations and 
packing adjustments. 

• Equipment damaged and destroyed 
from leakage. 

• Cannot be used for vacuum 
application. 

 
Mechanical Seal 

• Will seal with invisible leakage.  

• On difficult applications .The 
leakage ratio between seals and 
packing is 1 to 100 or batter. 

• Monetary savings from little or no 
product loss. 

• Mechanical Seal consumes only 
1/6 of horsepower as compared to 
gland packing. 

• Seals have been known to run no. 
of years without failure. Little 
maintenance required after initial 
installation. 

• Seals offer better safety when 
sealing potentially hazardous 
materials. 

• Gives good performance for 
vacuum applications. 
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Simply Put, A Mechanical Seal is: 
 

1) A wearable, stationary, primary sealing element (stationary seat/ mating ring) 
2) A wearable, rotating, primary sealing element (seal ring) 
3) A secondary, sealing element (Elastomer) 
4) A mechanical loading device to press primary sealing elements 1 and 2 against one 

another (Spring) 
5) And auxiliary components to complete seal (Retaining ring, Thrust Washer) 
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Principle of Working of Mechanical Seal 
 

Process Fluid Acts as Lubricant 
Between Faces 

 

Without Lubrication Faces Run 
Dry and Overheat 

 

 

F l u i d  E va p o r a t e s  U p o n  R e a c h i n g  A t m o s p h e r e

I n vi s i b l e  L e a k a g e  :Invisible Leakage: 
Fluid Evaporates Upon Reaching Atmosphere  
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Polymeric 
Materials 
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Temperature Limitations of Secondary Seal Materials 
 

 
MATERIAL 

FORM 
MIN. TEMP. 

LIMIT* 
MAX. TEMP. 

LIMIT* 
0F 0C 0F 0C 

Buna N (Nitrile) O-Ring -40 -40 +225 +107 

Neoprene O-Ring -40 -40 +225 +107 

Viton O-Ring 0 -18 +400 +204 

EPR/EPT (Ethylene 
Propylene) 

O-Ring -40 -40 +350 +177 

Karlez (Compound 4079) O-Ring 0 -18 +560 +280 

Sigflex (Enveloped) Square Ring -100 -73 +450 +232 

Sigflon Coated Viton O-Ring -40 -40 +350 +177 

Sigflon (PTFE) V-Ring -100 -73 +350 +177 

Glass-filled Sigflon V-Ring -175 -115 +450 +232 

Sigfoil (Pure Graphite) Square Ring -450 -268 +750 +400 

* The minimum and maximum limits listed are general limits and will vary with the liquid in contact wi th the Elastomer. 
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Secondary Seal Materials 
 

Secondary seals must be capable of sealing between two surfaces. Sigma Seals specifies 
that these surfaces must have a finish of 0.8 rms or better. Elastomers are the most 
resilient and elastic of all materials available for secondary seals. O-rings and gaskets 
are made of elastomers. Other materials which offer a higher resistance to temperature 
and chemical environment than elastomers, must a times, be used even though they may 
be less resilient or more expensive than elastomers. These materials such as sigflon and 
Sigfoil are provided in configurations that tend to compensate for their limited 
resiliency.    
The following pages briefly reviews the various materials most frequently encountered 
as secondary seals.  
Many of the names used for elastomeric materials are trade names that have been 
adopted as generic by the mechanical seal industry. Where this is the case, we have 
given the generic name of the base elastomer without referring to the manufacturer who 
compounded and molded the elastomer. Most of the basic elastomers are compounded 
and molded by a number of manufacturers. Secondary seals purchased through Sigma 
seals have been subjected to added quality control inspections to assure proper fit and 
long life. 
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Buna N
 

 
Buna N, referred to as Nitrile or NBR, is a copolymer of butadiene and acrylonitrile 
with excellent resistance to petroleum products and wide acceptance for use in water 
applications. Buna N has low resistance to ozone, sunlight, and weather, so spare Buna 
N O-rings should be stored in a protected area where they will not be exposed to direct 
sunlight or ozone generating electrical equipment.    
Buna N can be used at temperature ranging from -400F to +2250F (-400C to 1050C). 
A special grade of Buna N, compounded of materials that meet FDA requirements, is 
available for use in incidental contact with food products. 

 

Viton 
 
Viton, also known as fluorocarbon or FKM, is a copolymer of vinylidene fluoride and 
hexafluoropropylene. Viton is used in a wide range of applications, including those 
involving petroleum oils, diester base lubricants, silicon fluids, halogenated 
hydrocarbons, water, low temperature steam and wide variety of acids, and numerous 
other fluids. Viton will not tolerate ketones, anhydrous ammonia, amines, hot 
hydrofluoric acid, chlorosulphonic acids, or strong caustics.    
Viton has excellent tolerance for use at temperatures ranging from 00F to +4000F (-180C 
to +2040C). 
Special grade of Viton, compounded of materials that meet FDA  requirements, are 
available. 
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EPR 
 
EPR, also known as ethylene propylene rubber or EPM, is a copolymer made from 
ethylene and propylene monomers. EPT or EPDM, containing a third monomer, is an 
ethylene propylene terpolymer.    
Both EPR and EPT are widely used in the sealing industry. EPR has excellent corrosion 
resistance to dilute acids and alkalis, ketones, alcohols, water, steam and phosphate 
ester hydraulic fluids, but it is not recommended for use with petroleum oils or diester 
base lubricants. EPT, with added resistance to oxidation and radiation, is recommended 
for nuclear service. 
EPR and EPT materials are applicable for use at temperatures ranging from -400F to 
+3500F (-400C to +1770C). 

 
Perfluroelastomer (FFKM)  

 
A perfluoroelastomer, is a copolymer of tetrafluoromethylene and perfluoromethyl 
vinyl ether. It has many of the elastomeric properties of Viton and the chemical and 
heat resistance of TFE, with certain advantages over both. It has excellent corrosion 
resistance to solvents, inorganic and organic acids and bases, strong oxidizing agents, 
metal halogen compounds, hot mercury, chlorine, fuels, and heat transfer fluids. For 
amines special compounds are available.    



 
13 

DuPont make Karlez can be used at temperatures ranging from 00F to +5000F (-180C to 
+2600C). 
Green Tweed make Chemraz can be used up to +310 deg.c. 
Sigma seals stocks DuPont’s standard 4079 Karlez Compound. Other Karlez 
compounds are available on request. 
Sigma seals stocks Green Tweed make Chemraz compound 505. This has broadest 
chemical compatibility range. 

 

Sigflon V-Rings 
 
Sigflon V-rings are machined from solid polytertrafluoroethylene (TFE). Because of its 
inertness, Sigflon is often applied as a secondary seal where elastomers would be subject 
to chemical attack. However Sigflon lacks the resilience of elastomeric materials, which 
are more reliable as secondary seal materials and should be used wherever possible.    
Figure  illustrates V-rings applied as shaft packing. The lips of the two rings, energized 
by the nose of the compression ring, are forced into contact with the O.D. of the shaft 
and with the shaft packing bore of the seal ring. 
Sigflon V-rings can be used at temperatures ranging from 1000F to +3500F (-730C to 
+1770C). 
V-rings made of glass-fields Sigflon are also available. They can be used with 
temperature ranging from -1750F to +4500F (-1150C to +2320C). 
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Neoprene 
 
Neoprene also known as CR, is a homopolymer of choloprene and chlorobutadiene. It 
was among the earliest of the synthetic rubbers to be made available for seal 
manufacture. It continues to be used for sealing refrigerants, such as freon and 
ammonia, and for other mild services. Neoprene has a unique resistance to petroleum 
lubricants.    
Like Buna N, Neoprene can be used at temperatures ranging from -400F to +2250F (-
400C to +1070C). 
V-rings made of glass-fields Duraflon are also available. They can be used with 
temperature ranging from -1750F to +4500F (-1150C to +2320C). 

 

Sigflex Insert Mounting 
 
The Sigflex stationary insert mounting is made of Sigflon. The insert must be pinned to 
the gland to prevent it from turning with the seal ring, because Sigflon does not provide 
the same high frictional holding quality as an elastomer. The gland finish is important 
because sealing occurs between the axial sides of the Sigflex ring, the carbon face, and 
the gland. Sigflex insert mountings can be satisfactorily applied at temperatures ranging 
from -1000F to +4500F (-730C to +2320C). 
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Sigflon Encapsulated O-Rings 
 
An elastomer O-ring, usually made of Viton, sealed in a thin layer of Sigflon is available 
for use in very corrosive environments where the chemical resistance of Sigflon is 
required.    
Because of the added thickness and stiffness of the Sigflon coating, special care must be 
taken during installation to prevent damage. The Sigflon encapsulated O-ring should be 
lubricated with a silicon grease prior to installation. 

 

Sigfoil 
 
Sigfoil, an all-graphite product, contains none of the resin binders of organic materials 
which limit the use of other secondary sealing materials. Sigfoil is almost completely 
chemically inert and is highly resistant to all forms of nuclear radiation. It is vulnerable 
to attack only by oxidizing liquids such as nitric acid.    
The insert requires an anti-rotation pin, when Sigfoil is used as an insert mounting. 
Because it is easily damaged, the Sigfoil ring must be handled carefully during 
installation of the seal and usually has to be replaced upon re-installation of the seal. 
Sigfoil has little memory or spring-back when compressed. 
Sigfoil can be applied at temperatures ranging from -4500F to higher than +7500F  
(-2680C to +4000C). 
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Mechanical Seal Classification 

By Arrangement By Design 

Rotating Head 
Rotating Seat 

Single Spring 
Multiple Spring  

Unbalanced 
Balanced 

Non-Pusher 

 
Tandom Face to Face Back to Back 

Multiple 

Single 

Outside 
Mounted 

Inside 
Mounted 
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Mechanical Seals By Design 
 

Balanced and Unbalanced Seals 
 
 
 
 
 
 
 
 
 
 
 
 
Sealing Principles: The hydraulic load (plus a small spring load not shown) closes the seal 
faces.  The seal face is stepped down on the outside to reduce the hydraulic load and on the 
inside to increase the face area. 
The result is reduced face contact pressure so that the seal can work at higher sealed pressure. 
The BALANCE RATIO  is the ratio of the hydraulically loaded area to the face area. 
On bellows (non-pusher) seals the balance line lies above the shaft and a step is usually not 
required for balanced operation. 

Pressure 

Unbalanced Seal Balanced Seal 

Pressure 

Force 
Force 
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Mechanical Seals By Design 
 

Balanced and Unbalanced Seals 
 
 
 
 
 
 
 
 
 
 
When thinking of something "balanced, one thinks of it as being in complete equilibrium. 
The use of the term "balanced”, in seal terminology is not well chosen as it does not refer to a 
spin or rotational balanced. The balancing of seal is the HYDRAULIC balancing of the seal 
faces. This is done by stepping or lowering one seal face so the process fluid pressure pushes 
that face backward as well as forward. This reduces the total forces pushing the two sealing 
faces together so that the liquid film between them is not squeezed out allowing dry running. 
 
 
Balanced seals are required when sealing high pressures. (>200 psi or 14 bar) 

Unbalanced Seal Balanced Seal 
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Mechanical Seals By Design 
Single Spring and Multiple Spring 

In every seal design there is a need to keep the precision lapped sealing faces closed during 
the absence of hydraulic pressure. This is achieved by some form of mechanical loading 
device, usually from some form of spring loading. 
 
 
 
 

 
Single Spring Seal 

Advantages 
• Withstands a higher degree of 

corrosion. 
• Will not clog as easily as multi spring. 

Disadvantages 
• Requires more axial space. 
• Centrifugal force has the tendency to 

unwind. Natural unwinding depends on 
direction of rotation. 

 
 

Multiple Spring Seal 
Advantages 

• Has a shorter axial space requirement. 
• Has more uniform loading 

characteristics. 
Disadvantages 

• Will clog more readily than a single 
spring.   

• Small wire diameter will corrode 
faster.

Note that sometimes the bellows can act as the mechanical loading device in place of a spring! 
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Mechanical Seal 

Materials  
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Temperature Limitations of Sigma Seal Face Materials 
 

MATERIAL CONSTRUCTION 
MAX 

TEMPERATURE  
0F 0C 

Stellite Face Welded Stellite Face on Metal Ring 350 177 

Chrome cast Solid Cast Ring 450 232 

Tung-Car Solid Tungsten Carbide Ring 750 400 

Tung-Car 
“TCSF” 

Solid Tungsten Carbide Element Mounted in 
316 Stainless Steel Body 

250 120 

Tung-Car 
“TCHF” 

Solid Tungsten Carbide Element Mounted in 
Hastelloy1 “C” Body 

425 218 

Tung-Car 
“TCPH” 

Solid Tungsten Carbide Element Mounted in 
17-4 PH Stainless Steel Body 

750 400 

SS316 Solid Machined Stainless Steel Ring 600 316 

Ni-Resist2 Solid Nickel-Cast Iron Ring 350 177 

Bronze Solid Leaded Bronze Ring 350 177 

Ceramic Solid Pure Ceramic Ring (99.9% Pure) 350* 177* 

Sigchrome Face Chrome Oxide Facing on Metal Ring 350 177 

Carbon Solid Carbon Graphite Ring (Resign Impregnated) 525 275 
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Carbon Solid Carbon Graphite Ring (Metal Impregnated) 585 310 

Silicon-Carbide  
 

Solid Silicon Carbide Ring (Sintered) 800 427 

Silicon-Carbide  
 

Solid Silicon Carbide Ring (Reaction Bonded) 800 427 

Silicon-Carbide  
 

Solid Silicon Carbide Ring (Sintered) 800 427 

Silicon-Carbide  
“SiCSF” 

Solid Silicon Carbide Element Mounted in  
316 Stainless Steel Body 

250 120 

Silicon-Carbide  
“SiCHF” 

Solid Silicon Carbide  Element Mounted in  
Hastelloy1 “C” Body 

500 260 

Silicon-Carbide  
“SiCPH” 

Solid Silicon Carbide Element Mounted in 
17-4 PH Stainless Steel Body 

750 400 

Glass-filled 
Sigflon 

Solid Ring 160 71 

 
 
 
 

 
 
 
 

* Subject to fracture from thermal shock 
1 Registered Trade Mark of Cabot Corporation 
2 Registered Trade Mark of Huntington Alloys, Inc. 
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DIN 24960 STD. 

SEALS 
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Seal Dimensions for Din 24960 
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Stationary Ring 

Seal Ring (Balanced) Seal Ring (Unbalanced) Stationary Ring 

 
 

Unbalanced Seal Arrangement  Balanced Seal Arrangement 
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API 682 

HIGHLIGHTS  
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API (American Petroleum Institute) 
An industry organization that has written a set of pump standards. The standards cover the 
minimum requirements for sealing systems for centrifugal and rotary pumps supplied with: 
 
Seal sizes from 1.5 to 4.5 inches (30mm to 120 mm)  
Stuffing box temperatures from -40°F to 500°F (-40°C to 260°C)  
Stuffing box pressures from 0 psia to 515 psia (0 bar to 34.5 bar).  
 
The standard is designed to default to the equipment types most commonly supplied that have 
a high probability of meeting the objective of at least three years of uninterrupted service 
while complying with emission regulations. 
Seals supplied by a seal manufacturer are subject to the same requirements that apply to seals 
supplied by the original equipment manufacturer (OEM). 
 
The API (American Petroleum Institute) standard is the one universal standard being used by 
oil refineries throughout the world.  
The problem with all standards of this type is that they have produced a failure rate in 
mechanical seals that exceeds 85%. The only part of a mechanical seal that is sacrificial is the 
carbon face and in better than 85% of the cases there is plenty of carbon face left when the 
seal begins to leak. The A.P.I. specification addresses just about everything about mechanical 
seals. The subjects include: 
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� All standard mechanical seals, regardless of type or arrangement, shall be of the 
cartridge design. The standard single arrangement pusher seal shall be an inside-
mounted balanced cartridge seal. The standard, un-pressurized dual mechanical seal 
shall be an inside, balanced, cartridge mounted mechanical seal (with two rotating 
flexible elements and two mating rings in series). Outer seals shall be designed to the 
same operating pressure as the inner seal, but do not have to be balanced.  

� Cooling for the inboard seal is achieved by a seal flush. Cooling for the outside seal is 
accomplished by a circulating device moving a buffer fluid through an external seal 
flush system.  

� The standard pressurized dual mechanical seal shall be an inside, balanced, cartridge 
mounted mechanical seal (with two rotating flexible elements and two mating rings in 
series). The inner seal shall have an internal (reverse) balance feature designed and 
constructed to withstand reverse pressure differentials without opening.  

� The standard configuration for API single pusher and all dual mechanical seals is for 
the flexible elements to rotate. For seals having a seal face surface speed greater than 
25 meters per second (5000 feet per minute), the standard alternative of stationary 
flexible elements shall be provided.  

� O-ring grooves shall be sized to accommodate perfluoroelastomer O-rings.  
� For vacuum services, all seal components shall be designed with a positive means of 

retaining the sealing components to prevent them from being dislodged.  
 
� Seal chambers shall conform to the minimum dimensions so that the minimum radial 

clearance between the rotating member of the seal and the stationary surfaces of the 
seal chamber and gland shall be 3 mm (1/8 inch).  
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� For horizontally split pumps, slotted glands shall be provided to make disassembly 
easier.  

� Provisions shall be made for centering the seal gland and/or chamber with either an 
inside-or outside diameter register fit. The register fit surface shall be concentric to 
the shaft and shall have a total indicated run out of not more than 125 micrometers 
(0.005 inch). Shaft centering of mechanical seal components or the use of seal gland 
bolts is not acceptable.  

� Seal chamber pressure for single seals, and for the inner un-pressurized dual seal, 
shall be a minimum of 3.5 bar (50 psi.) or 10 percent above the maximum fluid vapor 
pressure at seal chamber fluid temperature. This margin shall be achieved by raising 
the seal chamber pressure and/or lowering the seal chamber temperature. Lowering 
the temperature is always preferable. Pumps which develop less than 3.5 bar (50 psi) 
differential pressure may not meet this requirement and alternate requirements shall 
be agreed upon by the purchaser and the seal manufacturer  

� On vertical pumps the seal chamber or gland plates shall have a port no less than 3 
mm, (1/8") above the seal faces to allow the removal of trapped gas. The port must be 
orificed and valved.  

� For single seals and when specified for dual seals, a non-sparking, floating-throttle 
bushing shall be installed in the seal gland or chamber and positively retained against 
blowout to minimize leakage if the seal fails.  

� Shaft sleeves shall be supplied by the seal manufacturer.  
� Unless otherwise specified a shaft sleeve of wear, corrosion, and erosion resistant 

material shall be provided to protect the shaft. The sleeve shall be sealed at one end. 
The shaft sleeve assembly shall extend beyond the outer face of the seal gland plate.  
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� Shaft sleeves shall have a shoulder or shoulders for positively locating the rotating 
element or elements.  

� Shaft to sleeve sealing devices shall be elastomeric O-rings or flexible graphite rings.  
� Standard seal sizes shall be in even increments of ten millimeters. It is preferred that 

alternate seals be sized in increments of 0.635 mm (0,25 inches) starting with 38.0 
mm (1.5 inches).  

� Sleeves shall have a minimum radial thickness of 2.5 mm (0.100 inches).  
� Sleeves shall be relieved along their bore leaving a locating fit at or near each end.  
� Shaft to sleeve diametral clearance shall be 25 micrometers to 75 micrometers (0.001 

inch to 0.003 inch  
� Drive collar set screws shall be of sufficient hardness to securely embed in the shaft.  
� Seal and mating rings shall be of one homogeneous material. Overlays and coatings 

shall not be used as the sole source of wear resistant material. Materials such as 
silicon or tungsten carbide may be enhanced by applying additional coating.  

� The type A standard pusher seal shall incorporate multiple springs with O-rings as the 
secondary sealing elements. When specified on the date sheet option, a single spring 
shall be furnished.  

� One of the seal face rings shall be premium grade, blister resistant carbon graphite 
with suitable binders and impregnates to reduce wear and provide chemical resistance. 
Several grades are available; therefore, the manufacturer shall state the type of carbon 
offered for each service.  

� The mating ring should be reaction bonded silicon carbide (RBSiC). When specified, 
self sintered silicon carbide (SSSiC) shall be furnished.  
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� Abrasive service may require two hard materials. Unless otherwise specified for this 
service, the seal ring shall be reaction bonded silicon carbide and tungsten carbide 
(WC) with nickel binder  

� Unless otherwise specified metal bellows for the type B seal shall be Hastelloy C. For 
the type C seal, Inconel 718.  

� Unless otherwise specified, gland plate to seal chamber seal shall be fluoroelastomer 
O-ring for services below 150°C (300°F). For temperatures over 150°C (300°F) or 
when specified, graphite-filled type 304 stainless steel spiral wound gaskets shall be 
used.  

� If you are using dual mechanical seals, only mechanically forced seal flush and 
barrier/buffer fluid systems shall be provided. Systems that rely upon a thermo-
syphon to maintain circulation during normal operation are not allowed.  

� Seal systems that utilize internal circulating devices, such as a pumping ring, that rely 
upon the rotation of the mechanical seal to maintain circulation shall be designed to 
thermo-syphon when the seal is not running.  

� If a dual seal buffer/barrier fluid reservoir is specified, a separate barrier/buffer fluid 
reservoir shall be furnished for each mechanical seal. 
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API PLANS 
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API PLANS 
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API PLANS 
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Seal 

Installation 
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Common seal installation mistakes that cause 
premature mechanical seal failure. 

Special problems with non cartridge designs. 
• The seal is operating with the wrong compression causing it to either overheat or open 

up prematurely as the faces wear.  
o The pump open impeller was adjusted after the seal was installed.  
o The pump shaft sleeve moved when the impeller was tightened to the shaft 

shoulder.  
o The installation dimension was measured incorrectly by the mechanic that was 

installing the seal:  
o The mechanic did not use the print, or could not read the print.  
o The pump has been modified and the print was not revised.  
o The mechanic took his measurement from the wrong location. He measured 

from the impeller locating shoulder instead of the stuffing box face.  
o The gasket thickness was altered.  
o The wrong measuring tool was used.  
o Temperature growth has changed the initial setting.  
o The pump is fitted with sleeve type bearings, and the axial movement is 

excessive.  
o The seal was rebuilt to a different axial dimension.  
o The mechanic was not wearing his glasses and he could not read the correct 

measurement on his ruler.  
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o The seal was installed using the old set&endash;screw mark as the reference. 
The reference was incorrect.  

• The sleeve or gasket surface is damaged. This is causing leakage between the 
elastomer and the shaft sleeve, or between the sleeve and the shaft.  

o This is a common problem in all packing conversions. There are many 
products available that you can use to repair worn or damaged metal parts to 
insure a good gasket surface.  

• The seal faces are not flat.  
o The seal was accidentally dropped and no one dares tell the boss.  
o Poor packaging. The seal should be able to survive a 39 inch (one meter) drop.  
o Over tightening of the stationary face against a rough stuffing box in a rotating 

seal application can distort the lapped face.  
o The stationary face clamping areas are not equal and opposite, causing the 

faces to go out of flat.  
o The seal was lapped flat at ambient temperature and then put into cryogenic 

service where it went out of flat at the colder temperature.  
• A recirculation line is aimed at the seal faces. The high velocity recirculating fluid 

will interfere with the ability of the seal to follow whip, wobble, or run out. Be careful 
of this configuration when using metal bellows designs. The recirculated fluid may 
contain abrasives that will wear the thin metal plates.  

• A gasket or some type of fitting is protruding into the stuffing box and touching a 
flexible rotating seal component.  

• The stationary face is not centered to the shaft.  
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o Shaft radial movement can cause the seal faces to separate if the hard face is 
not wide enough. In some cases the stationary face was broken when the 
deflecting pump shaft contacted it.  

• The stationary seal face has been installed backwards and you are running on a non 
lapped surface.  

o Only one side of a hard face is usually lapped flat. Many manufacturers do a 
poor job of identifying the un lapped face.  

• The seal was set screwed to a hardened shaft.  
o Seal set screws are manufactured from corrosion resistant materials. They are, 

therefore, softer than conventional set screws and can vibrate loose.  
o Many packing sleeves were hardened to resist packing wear.  

• The elastomer (rubber part) was placed on a damaged portion of the shaft or sleeve.  
• The wrong lubricant was used on the elastomer and it is chemically attacking the 

elastomer.  
o Any petroleum lubricant will damage an ethylene propylene (EPR) O- ring 

causing it to "swell&endash;up". This failure usually occurs within five days. 
The flexible seal components will "lock up" and prevent the lapped faces from 
staying together  

• The seal face was lubricated and then put into cryogenic service. The cold 
temperature will freeze the lubricant.  

• The application needs some type of environmental control and the connection has not 
been made. If the connection has been made, see if it is hooked up incorrectly or the 
supply has failed.  
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o Environmental controls are used to control the temperature, pressure and 
cleanliness of the product in the stuffing box. These controls include flushing, 
quenching, heating, cooling, recirculating, venting etc. Make sure these 
controls are connected to the correct stuffing box, or seal gland port. Flushing, 
as an example, should come into the bottom of the stuffing box or seal gland.  

• The shaft/ sleeve tolerance or finish is not within specifications.  
o Unbalanced seals are sensitive to the shaft&endash;sleeve diameter and 

surface finish. Most balanced seals have an internal stepped sleeve, so they are 
not sensitive to small variances in shaft sleeve diameter.  

• Vertical pump applications have to be vented. Horizontal pump stuffing boxes can be 
drilled to insure good venting also.  

• The shaft sleeve was removed to make additional room in the stuffing box.  
o The sleeve was positioning the impeller.  
o The sleeve was providing corrosion resistance.  

• The stationary face is not perpendicular to the shaft in a rotating seal application. This 
will cause excessive axial movement of the rotating components.  

o The use of a stuffing box facing tool can just about eliminate this problem.  
o Stationary seal designs and self aligning designs can compensate for this 

problem.  
• The rotating face is not perpendicular to the shaft in a stationary seal application. This 

will create the same problem as mentioned above, except that the stationary face will 
do the moving. This is also the main reason you should not cartridge mount stationary 
seals.  

• The stationary face was not centered to the shaft.  
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o Many cartridge seals have centering clips to solve this problem. Seal designs 
that utilize slotted glands should use some type of centering shims.  

o If you have not provided centering, the seal faces can separate if you are using 
"out of balance" or bent shafts.  

o This can cause a pumping action in cartridge seals, that could cause a 
convection tank to run backwards and the barrier fluid to overheat.  

• The A.P.I. gland connections are hooked up incorrectly. Be sure that you understand 
the difference between flushing, quenching, drain and venting.  

• No recirculation line was hooked from the bottom of the stuffing box to the pump 
suction. Use a discharge recirculation line if you are pumping a fluid close to its vapor 
point.  

• In isolated cases the set screws have loosened when the sleeve was made of too soft a 
material.  

• The gland flushing ports are machined off center. Shaft rotation will either help or 
hinder the flushing, depending upon their location. The flush rate changes with shaft 
rotation.  

• The Allen wrench, used to tighten the set screws, has rounded corners and is not 
providing the proper torque..  

• The set screws were over tightened and stripped.  
• The shaft was machined down to accommodate a smaller diameter seal, or the shaft 

was machined for repair. In either case the shaft has been weakened and is now more 
liable to deflect with radial loading.  

• A severely cocked stationary will break the springs in the rotating unit because of the 
excessive back and forth movement. Excessive lug wear will also be visible.  
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• The stuffing box often has product attached to its' inside surface. This product can 
interfere with the free movement of the flexible seal components.  

• In a double ended pump conversion from packing to a mechanical seal it is common 
for the impeller to be positioned by sleeves that are not sealed at the impeller or sleeve 
inside diameter&emdash; causing leakage between the sleeve and the shaft.  

 
Special problems with cartridge seals 

• The centering or installation clips were not removed prior to starting the pump.  
• The cartridge was installed by pushing on the gland. The friction on the sleeve static 

elastomer is causing the inner seal to over compress and the outboard seal to unload.  
• The cartridge was installed on the stuffing box and then the stuffing box was placed 

over the shaft. This is causing the seal to be non concentric with the shaft and could 
cause the shaft to hit the close fitting bushing in an A.P.I. (American Petroleum 
Institute) type gland.  

• Check proper centering by using a spacer (normally a centering clip) to insure that the 
gland is centered to the shaft.  

• In some double seal cartridge applications, a pumping action will occur if the sleeve is 
not concentric to the gland. This can cause a convection tank to run backwards.  

• If you mount a stationary seal on a cartridge, the rotating face will "cock" causing 
excessive moving problems. You will need some type of a self aligning feature to 
solve this problem.  
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Special problems with rubber bellows seals 
• The wrong lubricant was used on the bellows (Silicone grease is an example of this) 

and as a result, the rubber bellows is not sticking to the shaft.  
• The shaft or sleeve is too smooth . It should be no better than 40 rms.  
• The carbon has been installed backwards. It will fit either way, so be sure you are 

running against the lapped side of the face.  
• The seal installation must be completed in fifteen to thirty minutes, or the rubber 

bellows will vulcanize to the shaft in the wrong location.  
• Be sure that none of the pump, or seal dimensions have been altered. The seal must be 

installed at a fixed length that is not easily changed.  
• Most of the rubber bellows designs use a "Buna N" rubber boot that is sensitive to 

ozone attack. Buna N rubber has a shelf life of only one year.  

It should be noted that the normal mode of failure for this type of seal is for the 
rubber boot to experience a rupture or "blow&endash;out" causing a massive seal 
failure. It is important to use back up protection if you use this type of seal. 
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Special problems with metal bellows seals 
• If you are using the rotating version of the metal bellows seal, the close fitting anti-

vibration lugs can hang up on the sleeve. The tolerance of the sleeve outside diameter 
is very critical with this type of seal.  

• The face holder, in high temperature applications, is made from a low expansion 
material that has little to no corrosion resistance. If you lose cooling, the resultant 
shaft thermal expansion can engage the "damping lugs" in the low expansion steel 
face holder and "drag open" the seal faces.  

• The seal balance line shifts with pressure.  
• A pump discharge recirculation line can wear into the thin bellows section.  
• Austenitic metals change their spring load when the bellows is over compressed.  
• At elevated temperatures the carbon face can loosen in the metal holder. Watch out 

for glued in faces.  
• Good designs will rotate the fluid to prevent a slurry from wearing the thin metal 

plates.  
• Be careful of stationary seals in high temperature applications. The flush connection 

will produce uneven cooling causing face distortion.  
• High temperature applications utilize heat treated bellows materials. Be aware that 

metal can anneal and loose its spring rate at temperatures as low as 300° F (150 C).  
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Problems with split mechanical seals 
• Some designs use glued elastomers. This causes a hard spot in the elastomer that will 

not seat properly causing leakage.  
• Most designs cannot be used in an alternating pressure/vacuum application. This can 

be a problem when you have a mixer application to seal.  
• Some elastomers are not available in split O-rings, so watch out for availability.  
• Many outside designs move towards the product as the faces wear, making them 

ineffective in slurry applications.  

Other problems that can occur shortly after the seal is installed. 
• The cooling jacket on the pump builds up a layer of calcium on the inside, interfering 

with the heat transfer.  
o Condensate, steam, or heat transfer oil is a good substitute for hard well water, 

or dirty shop water.  
• Teflon® comes off of the metal parts.  

o The product is penetrating the porous Teflon coating and attacking the base 
material. In some cases you may have to remove the baked on coating with a 
fine emery paper.  

• A pressure drop at the seal faces, and across the elastomer can cause some products to 
change state as the solvent evaporates from the product. This can cause the fluid to :  

o Solidify.  
o Become viscous.  
o Build a film on the faces.  
o Crystallize.  
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o Blow out pieces of the elastomer  
• Cryogenic temperatures can freeze the elastomer or any lubricant placed on the seal 

faces.  
• The wrong lubricant on the dynamic elastomer can cause the O-ring to swell and lock 

up the seal. This usually occurs within ten days.  
• At elevated temperatures the differential expansion between the metal holder and the 

seal face can cause the seal face to become loose in its metal holder. Metal has an 
expansion rate approximately three times that of carbon and most other seal face 
materials.  

• The convection tank is running backwards or is not running at all.  
o Check to see if the seal gland is concentric with the shaft.  
o Be sure that the piping is connected to the correct gland ports.  
o Check the recommended height and distance specifications.  
o Be sure you have a proper liquid level in the tank.  
o If there is a pumping ring, make sure it is running with the correct rotation  
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Trouble Shooting of 
Mechanical Seals 
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INTRODUCTION  
 
The operating life of a mechanical seal is complete when either face has worn entirely. 
Whenever a mechanical seal has failed, no matter what the length of service, a thorough 
inspection should be made to determine the cause of failure. If either face has 
completely worn, the cause of failure is evident and no further inspection is required 
unless this occurred in very storm time. If both faces are intact, then inspection should 
continue using troubleshooting procedures are listed as follows and described in the 
following sections of the report: 
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1 – Inspect The Seal Faces 
 

A. Examine seal face wear pattern 
 

Each seal assembly has a narrow and a wide face. The narrow face will 
create a circular mark on the wide face. This circular mark is called a wear 
pattern. An inspection of this wear pattern can often explain seal failure.  

 
1. Proper Wear Pattern 

 
The figure below illustrates a proper size wear 
pattern. The wear pattern on the wide face will be 
equal to the width of the narrow face. When this 
occurs, the cause of leakage is unlikely to have been 
face related. The wear pattern should be concentric 
with the outer and inner diameters. 
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2. Narrow Wear Pattern 
The figure below illustrates a wear pattern that is narrow 
than the thinner face. When this pattern is present, it 
indicates that the thin face was distorted by pressure 
causing an inadequate film between the faces. To cure this 
symptom, either reduce the pressure or change the seal 
design to a higher pressure rated seal. 

 
3. Wide Wear Pattern 

The figure below illustrates a wear pattern that is wider 
than the thinner face. This pattern indicates that opening 
of the faces created excessive film between the faces. This 
can be caused by a cooked stationary face, pump 
misalignment, pipe strain, or pump caviation. The pump 
misalignment or vibration can cause the rotary face to 
move back and this face may remain open due to secondary seal “hang up” 
on the shaft. The most practical solution to this problem is realignment of 
the pump. In instances where alignment is not possible, an assembly with a 
static secondary seal may reduce face “hang up”. A wide wear pattern is 
also symptomatic of excessive shaft motion. 
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4. No Wear Pattern 

 
This symptom indicates that the rotary face is not 
turning against the stationary face. Possible causes are 
slipping of the rotary drive mechanism and interference 
of the rotary with the stuffing box or gland or improper 
installation. 
 

5. Intermittent Wear Pattern 
 
The figure below illustrates a wear pattern that only 
touches the wide face intermittently. The cause of this 
symptom can be unfalt faces, distortion of the 
stationary face by clamping against an uneven stuffing 
box face, unevenly tightening the gland bolts, or 
cocking of the stationary face. The cure is to make 
certain that the stuffing box face is even, that the 
gland is evenly tightened, and the seal assembly faces are flat when placed 
in service. Flexible mounted stationary rings can help this condition. 



 
51 

 
6. Uneven Wear Pattern 

 
The figure below, on the left illustrates an uneven wear pattern that rotates 
off the entire wide face at two points. The figure on the right illustrates a 
round wear pattern that rotates on the entire face. The cause on both is due 
to pump shaft/drive motor misalignment. The cure is to realign the motor, 
the pump, or the pump shaft this generally means gland was not properly 
shimmed and stationary unit was riding near shaft at once location. May 
not hurt seal life. 
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B. Other Suggestions 
 

1. Heat Checking 
 
The figure below illustrates that the hard face has been heat checked. The 
cause of this is the inability of the face to conduct heat away. The heat 
generation can come from the product temperature, friction, or 
intermittent vaporization of the product (and resulting friction and heat) 
coupled with brief cooling of the faces from liquid product. The cures for 
heat checking are reducing the temperature by flushing or cooling the 
faces, changing materials, r changing face design. 
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2. Cracked Hard Face 
 
The figure below illustrates a cracked hard face. There are two causes for 
this cracking. In ceramic, thermal shock can cause cracking. This is likely 
to occur when rapid changes in temperatures (as described in I.B.1.) are 
present the second cause of cracking is mechanical shock. This is likely to 
occur when the face is hit or dropped or is distorted by the gland bolt load. 
The cures for these problems are cautious handling and improving the 
thermal compatibility of face materials. 
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3. Chipped Edges 
 
The figure below illustrates chipping on the soft face. The cause of the 
chipping is separation of the faces and subsequent breaking when they 
slam back against each other this is common with fluids that change from a 
liquid to a gas or when the pump experiences severe caviation. Reduction 
of the face heat will cure vaporization via proper flushing. Caviation is 
cured by proper liquid volume getting to the pump. 
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4. Flaking and Peeling 
 
The figure below illustrates flaking and peeling of a hard face plated 
material. Stainless steel faces are usually plated with a hard facing of 
stellite, ceramic, tungsten carbide or a variety of other materials. Flaking 
and peeling is generally a sign of either a defective coating or chemical 
attack at the bond between the base metal and plated material. The attack 
may be aggravated by the heat generation at the seal face. Switching to a 
solid face material should cure this problem. 
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5. Pitting, Blistering, Corrosion 
 
The figure below illustrates a carbon face that has been attacked by 
corrosion. Carbon faces are selected for a particular application and 
should not be subjected to this condition. If this occurs, the cure is to 
change the face material. A few fluids such as nitric acid, oleum, 
chlorosulphonic, and some exotic highly oxidizing acids will attack carbon 
or carbon graphite materials. 
This will also occur in carbons with excess porosity as liquids may solidify 
in these “holes” and expand causing a miniature “crater” or “blister.” 
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6. Deep Wear in Hard Face 
 
This condition is illustrated in the figure below. This often accompanies 
seals in abrasive service and seals in crystallizing products the particles 
embed in the carbon face and grind away the hard face. Cures for this 
problem are controls that prevent crystallization such as adding heat, 
exclusion of abrasive product from the faces by protection methods such as 
flushing. 
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2. Inspect the Elastomer 
 

Mechanical seal elastomeric secondary seals prevent leakage by the shaft 
and gland. If elastomers are improperly installed to improperly selected for 
the temperature, pressure, or chemical environment, then the seal assembly 
will leak. 

A. Swollen Elastomer 
 
The figures below illustrate a regular and swollen o-ring cross section. The 
cause of the swelling is chemical attack. The cure is to check a chemical 
compatibility chart for the appropriate secondary seal material and change 
to it. 
 

REGULAR 
CROSS SECTION 

SWOLLEN 
CROSS SECTION 
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B. Extruded Elastomer 
 
The figure below illustrates an o-ring that has extruded from groove. As 
the o-ring extrudes it can be cut. The cause of this is high pressure or 
improper shaft and o-ring groove sizing. The cure can be reduction in 
pressure; installation of back up ring; a change in seal design, o-ring 
material, or o-ring durometer; or proper sizing of shaft sleeve or o-ring 
holder. 
 

 
 

 
C. Hard or Cracked Elastomer 

 
The figure below illustrates an o-ring that has been cracked 
or charred. The usual cause is high temperatures, although 
this condition can sometimes be caused by chemical attack. 
To cure this either reduce heat or change elastomer to 
proper type of higher heat resistance. 



 
60 

 
D. Compression Set of Elastomer 

 
The figures below illustrate an o-ring that has taken a 
compression set. This is caused by too high a 
temperature. Cure for this is to observe the 
temperature limits or fluid compatibility of variou s 
elastomers, or to reduce temperature. 
 

E. Cuts or Nicks of Elastomer 
 
The figures below illustrate an o-ring that is cut or nicked. 
This is caused by a shaft or sleeve that has not been properly 
finished to accept this elastomer. To cure this problem 
provide “lead in” chamfer and properly smooth the surface 
of the shaft. 
 

COMPRESSION SET REGULAR 
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3. Inspect the Springs 
 
All mechanical seals require movement to keep the faces together during 
changing pump and seal conditions, Spring action can be attained by a 
single coil spring, multiple coil springs, a metal bellows assembly, or a wave 
spring washer. All these mechanisms are subject to corrosion, corrosive 
stress and fatigue. The cures for these symptoms will be pump realignment, 
spring material change, or a design of the spring. 
 

CORROSION FATIGUE STRESS 
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4. Inspect the Seal Drive 
 
Seal designs all use some way to transmit torque from the shaft to the 
rotary face. Quite often it is done with pins, set screws, lugs, a single spring, 
or metal bellows. To check the seal drive, you must first determine where 
the drive is located. If the carbon or carbon holder can be rotated freely 
while holding the back of the rotary seal unit, then the seal drive is no 
longer functional. 
Cause of seal drive failure can be corrosive attack, excessive torque 
transmittal, excessive vibration, faces sticking, or the rotary unit rubbing 
against the stuffing box wall. The general cure is to eliminate these causes 
of failure and replace the defective drive elements. 

 
5. Inspect for Rubbing 

 
certain conditions may cause wear to the outer skin of the rotary unit or 
the shaft. If a check of the rotary body or the shaft indicates rubbing. Then 
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the cause of rubbing should be found. Below is a list of some causes of 
rubbing. 
 

A. Pump/motor shaft misalignment. 
B. Stuffing box too small for rotary unit. 
C. Non-piloted gland touching the shaft. 
D. Non-piloted stationary unit slips and touches shaft. 
E. Set screws backed out of the rotary unit and hit the stuffing box wall. 
F. Pieces of the face break off and jam between the rotary unit and 

stuffing box wall. 
G. Flush connection lines extend too far into the stuffing box and hit the 

seal. 
H. Single spring seals may rub the stuffing box wall if broken or over 

compressed or are subjected to high speed. 
I.  Thermal expansion causes the metal body to expand thus touching 

the stuffing box wall. 
J. Product may build up scale on the stuffing box wall. 
K.  Incoming flush line may contain abrasive and erode seal body, 

especially if flush pressure differential is too high. 
L. Equipment vibration from any source. 
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6. Inspect the Rotary Metal Casing 
 
A check of the metal casing can quickly illustrate problem areas. Listed 
below are signs of seal trouble. 
 

A. Discoloration of the Metal 
 
When metal is heated a colour change takes place. Below are some colours 
and approximate temperatures that create these colours on stainless steel. 
1. Straw Yellow 7000 to 8000F (3700 to 4300C) 
2. Brown  9000 to 10000F (4800 to 5400C) 
3. Blue  11000F (5930C) 
4. Black  12000F (6500C) 
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B. Corrosion of the Metal 
 
The figure below illustrates an incorrect metal choice used in a corrosive 
environment. Change to a proper metallurgy. 
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C. Pitting of the Metal 
 
Commonly caused by electrolysis. The figure below demonstrates this 
condition. Upgrade the metallurgy selection and properly ground the 
pump. 
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D. Excessive Deposits on Body 
 
The figure below illustrates a build up of deposits on the rotary body. This 
can cause the rotary to freeze in the stuffing box. Flushing may solve this 
problem. 
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E. Set Screws Cutting Into Body 
 
The figure below illustrates a set screw cutting into the metal casing. This is 
caused by excessive torque transmission or poor alignment of shaft, 
stuffing box and seal parts or excessive shaft motion. 
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F. Circular Marks on O.D. of Body 
 
While this can be caused by rubbing, it can also warn that abrasives from a 
recirculating line are blasting into the casing. Change circulation inlets, 
flush with clean liquid. Select smaller O.D. seal, bore out stuffing box or 
check inlet piping for protrusion into stuffing box. 
 
 
 
 
 
 
 
 
 


