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We have had a s e r i e s  of four oxygen f i r e s  be-  
cause  of fa i lures  a t  the mechanical sea l s  in  our high 
p r e s s u r e  oxygen pumps. The f i r s t  f i r e  resulted in  con- 
s iderable  damage, and the operators  were  better p r e -  
pared for the subsequent f i r e s .  They were  able to valve 
in  the pump so that l e s s  damage was done. 

The pump i s  a Byron-Jackson 10-stage 10-in. 
design which has  a Borg-Warner mechanical seal .  This 
pump was originally secured f rom Air Products  and 
Chemicals,  Inc., and was put in  service  in our plant 
which was built by Flour,  and the a i r  plant pa r t  of which 
was a L 'Air  Liquide design. This pump has given us  
good service .  However, we have had trouble with the 
mechanical sea l  life and had begun a p rogram to i m -  
prove the life of this mechanical seal .  

Pump redesign 

This pump pumps about 25 gal . /min.  a t  a suc-  
tion p r e s s u r e  of 25 to 550 lb . / sq .  in gauge. It pumps 
a s t r eam of 95% oxygen. The pump was redesigned 
on the job s i te  about nine yea r s  ago, about March, 
1956. The original pumps that were  purchased for 
this service  were  not satisfactory, and that ' s  how the 
Air Products  and Chemicals,  Inc ., got into i t .  The 
Byron-Jackson chief engineer redesigned this pump 
on the job s i te  so that i t  would take a mechanical sea l .  
Air Products  was using this pump with a packing a t  a 
lower suction p r e s s u r e .  The sea l s  were  lubricated 
originally with Fluorolube and after a period of t ime 
the operators  s tar ted using a sil icone-base lubricant 
which they thought was m o r e  effective. 

The sea l  life did improve some.  This lubricant 
was applied through a g rease  fitting with a grease  gun. 
Our recent  experience with lubricants was to use a l iq- 
uid product that i s  made by the Halocarbon Corp. The 
sea l  life may o r  may not improve because we haven't  
had an occasion to run a ve ry  extended period of t ime 
without a fa i lure .  The. f i r s t  failure we had was July 30, 
1965, and this resulted in  a r a the r  ser ious  f i re  with 
flames leaping about 30 to 40 ft. up the side of the cold 
box. 

Fire damage 

Upon the subsequent fa i lures  the operators  were 
able to valve in the suction and discharge with ve ry  
li t t le damage except to the sea l  i tself .  The date, Sep- 
tember 8th, brought about two f i r e s  in  rapid o rde r  on 
the day shift. So i t  was decided then that we would 
shut the a i r  plant down and completely der ime and also 
blow out. Upon inspection of some of the pump sea l  
pa r t s  we had found par t ic les  of s i l ica  gel and also some 
smal l  par t ic les  that appeared to be a shiny metal, p e r -  
haps alumina o r  aluminum. These par t ic les  were  not 
detectable by the naked eye. We had to use a 45 power 
microscope to find them; we suspected abras ive  ma te r i -  
a l s  because on two of these failures the stationary face 
of the seal,  which i s  carbon, had completely disinte- 
grated o r  i t  had disappeared a t  leas t .  

Inspection of rich liquid filters 

This ma te r i a l  perhaps  came f rom the r i ch  
liquid f i l ters  and i t  had been our pract ice  to inspect 
these r i ch  liquid f i l ters  every two y e a r s .  The las t  
t ime they were  inspected was in  1963 and they were  
scheduled for an inspection this yea r .  They have been 
in service  for 10 yea r s  and no doubt were  contributing 
the dust .  When we pulled the mater ia l  and analyzed i t  
for dust we found an  average of 0 .OZ5D/o. The new 
s i l ica  gel that we installed contained a dust analysis of 
0.0060/0. During our deriming and blowing procedure, 
we paid par t icular  attention to the l ines ahead of the 
pumps and a t  the suction of the pumps, and f rom the 
discharge of the r i ch  liquid fi l ter through the lower 
t r ays  of the low p r e s s u r e  column. 

The bleed points were  sampled, using a clean 
gauze fi l ter,  which was then examined under the mic ro -  
scope. These par t ic les  were  not detectable to the 
naked eye. They were  ve ry  fine. The plant was blown 
until these t e s t s  indicated that no dust remained. While 
we were  cleaning out out piping system Mr.  T .  Trones 
of the Byron-Jackson Co. worked with us  in  cleaning 
our pumps and improving the design. 

I think the main improvement there  was to notch 
out the carbon face to allow lubricant to enter the seal  
face. The metal  p a r t  of the sea l  face i s  a stellited steel 
and this pa r t  was showing signs of wear a lso .  

Shortly af ter  that we had a second f i re ,  and the 
second f i r e  didn't  do near ly  a s  much damage a s  the Vibrat ion of mechanical parts 
f i r s t .  The f i r s t  f i r e  resulted in burning to molten metal  
the coupling where the motor joins to the pump shaft, Another problem that we had had was vibration 
a pa r t  of the s ta inless  pump shaft, a l l  of the seal  top of the mechanical par ts ,  so a systematic machining of 
works .  P a r t  of the s teel  plate that i s  an 1-114-in. thick the shaft sleeve, the top flange, and other pa r t s  that 
was damaged. may have contacted upon vibration was accomplished to 



re l ieve the c learances ,  to reduce the possibility of 
metal  to metal  contact. 

A lower tension spring was used so that l e s s  
force was directed against the stationary face. Again 
we a r e  trying the liquid Halocarbon lubricant, and we 
have an improved design for putting this in.  We a r e  
using a sight g lass  and we have adjusted the level that 
we keep in  this g lass  by studying the performance 
through a thermocouple.  There  i s  a thermocouple in- 
stalled in  the top flange of the seal  and this i s  connected 
to a continuous r ecorde r  and i t  pre t ty  well follows the 
trend of ambient temperature .  If something goes wrong 
we can usually t r ace  i t  to a head problem in the liquid 
lubricant sight g lass .  We've operated successfully for 
about two weeks with this liquid Halocarbon lubricant.  

Preventing further problems 

In summary  we think that the seal  fa i lures  
resulted f rom abras ive  mater ia ls  in  the process  
s t r eam,  lack of adequate lubrication, and mechanical 

vibration o r  misalignment.  Deriming the plant and 
replacement of the s i l ica  gel in  the r i ch  liquid f i l ters  
should prevent any fur ther  problems f rom abrasive 
ma te r i a l s .  The redesign of the sea l  with the use of 
liquid lubricants should provide bet ter  lubrication for 
the sea l  faces .  Mechanical vibration may have been 
caused by a crooked shaft, improper ly  balanced i m -  
pel lers  o r  misalignment.  The wear rings gave some 
indication that the pumps had been run  d r y  perhaps  on 
the occasion of a plant upset.  

New impel lers  and shafts were  not always 
checked for proper  balance and straightness before 
assembly, but now i t  i s  a standard pract ice  to pur -  
chase  impel lers  and shafts separately,  then check each 
piece before assembly to insure  near  perfect balance 
and s t ra ightness .  In addition we feel  that we have 
learned a g rea t  deal about assembly techniques and 
precautions that we should take in working with our 
pumps. We think perhaps  we can eliminate the vibra- 
tion problems and wear problems.  We're  hoping now 
for a safe operation. We have accumulated about two 
weeks safe operation to date.  

DISCUSSION - 

BLACK-Foster Wheeler: Many yea r s  ago I r eca l l  
seeing an  experiment whereby some silicone g rease  
was placed on a hot i ron  plate and a flow of oxygen di- 
rected against i t  f rom a welding torch. The silicone 
was oxidized v e r y  quickly. Is  this a possible source of 
contamination of your sea l?  The heat of the seal  and 
the g rease  forming smal l  amounts of abrasive m a -  
t e r i a l  ? 

COWLES: Needless to say, we have conducted seve ra l  
experiments that will show us what we might get in  the 
way of abrasive f rom our lubricants,  and also what we 
might expect f rom the possibili ty of combustion i n  
oxygen. Our experiments don't  indicate that we will 
get any abrasive ma te r i a l  f rom the silicone lube. Now 
we have t r ied four types of lubricants.  We have used a 
Halocarbon grease ,  a silicone grease ,  Fluorolube, and 
this Halocarbon liquid. Of the four, judging f rom the 
performances  indicated by the thermocouple, the halo- 
carbon liquid i s  super ior ,  but we did not find any 
abrasive mater ia l  formed by heating any of these four 
ma te r i a l s .  

ROMANOWSKI-Canadian Industries: You mentioned 
that you have found an abrasive dust in the high p r e s -  
s u r e  oxygen pumps, was it  metallic aluminum o r  
alumina dust ? 

COWLES: I believe it  was aluminum dust.  

ROMANOWSKI: Have you had a problem with alumina 
dust f rom activated alumina d r i e r s  which prevai ls  in 
many a i r  plants.? Alumina dust was found in one of our 
pumps and we believe i t  to be the cause of considerable 
wear .  Our dust problem was corrected by a modifica- 
tion of the d r i e r  and fil ter ar rangement .  

COWLES: We have found alumina dust in our a i r  
plant, and a t  one time we didn't have a proper  fi l ter 
ar rangement  after our alumina d r i e r s .  

BALL-Air Products  and Chemicals: Could you c lar i fy  
one other point? Did you have reactions only when you 
were  using a silicone ? 

COWLES: We had sea l  fa i lures  with three  of these 
lubricants,  the silicone grease ,  the Halocarbon grease ,  
and the Halocarbon liquid. 

BALL: When you say sea l  failures,  you mean the com- 
bustion react ion? 

COWLES: Yes, that ' s  right.  

BALL: There  i s  data available on a l l  those mater ia ls ,  I 
think, a s  far a s  compatibility with oxygen i s  concerned. 
NASA for example, has  quite voluminous repor ts  on 
compatibility of various mater ia ls  with liquid and 
gaseous oxygen, and there  a r e  seve ra l  other sources .  
Have you had a chance to check that data?  

COWLES: Yes, we have checked that 

MASON-Dow Chemical: I would like to cal l  attention 
to one thing. You mentioned some aluminum a s  being 
present  in  this,  together with this fluorolubes and Halo- 
carbons, which a r e  essentially the same  thing. It might 
be  well to cal l  attention to the fact that aluminum in  
conjunction with these mater ia ls  i s  itself a very 
distinct hazard.  There  i s  a chemical reaction between 
aluminum and the fluorocarbons a t  high temperatures .  
I think this i s  a Thermit-type reaction. 
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