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Symposia on a i r  separa t ion  and ammonia  
safe ty  a t  these  A.1.Ch.E. National Meetings during the 
pas t  seven y e a r s  have a t t rac ted  wide genera l  i n t e r e s t  
and indust r ia l  part icipation.  

Detailed presenta t ions  of a i r  separa t ion  plant 
explosions have brought a new awareness  to safe ty  
haza rds  of compres s ion  sys t ems ,  notably rec iprocat ing  
a i r  compres s ion  sys t ems ,  and the urgency for de t ec -  
t ion and contro l  of hydrocarbon contaminant concentra-  
t ions in oxygen r i ch  s t r e a m s .  At Monochem we believe 
that  we have benefitted substantially by the re la t ive ly  
f r e e  exchange of information on these  subjects in these  
meet ings .  It has  unquestionably influenced our  plant 
des ign c r i t e r i a  and our  operating procedures  such that 
we have a f a r  s a fe r  opera t ing  plant than would o the r -  
wise have been the c a s e .  

I  would like to be able to s a y  that we have 
capitalized 100% on these  published incidents and have 
exper ienced,  therefore ,  no foreseen o r  no unforeseen 
safe ty  incidents of our  own. My p re sence  he re  ob- 
viously speaks  for  the fact  that this i s  not the c a s e .  
The incident which I  will de ta i l  to you shor t ly  occu r red  
only ve ry  recent ly  in our  tonnage oxygen plant.  W-e 
believe it to  be  of i n t e r e s t  because  (1)  i t  involved an  
explosion o r  detonation of hydrocarbons and ( 2 )  i t  
occu r red  in what i s  genera l ly  accepted to be  a well-  
designed liquid oxygen disposal  sys t em,  under condi- 
tions which have not previous ly  been recognized to 
give cause  for  conce rn  over  safe ty .  

Process design 

The p roces s  design of our  oxygen plant i s  not 
unusual.  In fact ,  i t  i s  r a the r  typical  of that used in 
many recent ly  designed low p r e s s u r e  tonnage oxygen 
plants .  Most of those present ,  I  a m  su re ,  a r e  famil iar  
with the genera l  p roces s  design.  However, for  the 
benefit of those few who a r e  not, 1'11 take a moment 
h e r e  to point out some of the highlights which a r e  
re la ted  to this incident.  

F igure  1 depic ts  only the ma jo r  ves se l s  and 
s t r e a m s  involved. Many of you will note, fo r  example,  
that a l l  the subcoolers  have been omit ted .  

Air f r o m  our  centrifugal a i r  compres so r  d e -  
l i v e r s  a i r  to a packed column (1);  h e r e  it i s  cooled by 
d i r ec t  contact  with a rec i rcula ted  s t r e a m  of cooling 
tower wa te r .  The compres sed  ambient t empera tu re  a i r  
then e n t e r s  the cold box through a s e t  of r eve r s ing  
heat  exchangers  ( 2 ) .  These  s e r v e  to cool the incoming 
a i r  to nea r  i t s  dew point by countercurrent  heat  ex-  
change with outgoing cold p r o c e s s  s t r e a m s .  Revers ing 

pas sages  a r e  provided for  the a i r  and waste  s t r e a m s  
only. All o ther  p r o c e s s  s t r e a m s  flow through fixed 
pas sages .  

Air  nea r  i t s  dew point en t e r s  the high p r e s s u r e  
column ( 3 ) .  Here  i t  i s  fractionated into a n  o\.erhead 
s t r e a m  of re la t ive ly  pu re  nitrogen, which i s  e i ther  
condensed fo r  ref lux  o r  used a s  "unbalance nitrogen" 
which i s  then expanded through the turboexpander (4)  
to provide the r e f r ige ra t ion  required  by the p r o c e s s .  

The bottom s t r e a m  f r o m  the high p r e s s u r e  
column i s  r i ch  liquid; i t  i s  this s t r e a m  in which the 
hydrocarbons  f i r s t  concentra te .  The r i ch  liquid i s  
pas sed  through s i l i ca  gel a d s o r b e r s  (5) ,  called r i ch  
liquid f i l t e r s  which s e r v e  to remove the hydrocarbon 
contaminants,  notably ethylene and acetylene.  

The r i c h  liquid then en te r s  the low p r e s s u r e  
column (6)  where  i t  i s  fractionated to an  overhead 
pu re  n i t rogen s t r e a m  and a bot tom p u r e  liquid oxygen 
s t r e a m .  The pu re  liquid oxygen i s  pumped through 
the main  condenser- reboi ler  ( 7 )  where  i t  i s  par t ia l ly  
vaporized to provide the vapor boil-up for  the low 
p r e s s u r e  column. The main  condenser- reboi ler  
simultaneously condenses nitrogen a s  liquid reflux f o r  
the high p r e s s u r e  column. 

A portion of the liquid oxygen not vaporized i s  
sent  to an  auxi l ia ry  condenser- reboi ler  ( 8 )  where  98 to 
9 9 %  i s  vapor ized to become the product oxygen s t r e a m  
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Figure 1. Simplified process flow diagram, 



having 98 to  98 112% pur i ty .  The 1 to 2% liquid oxygen 
which r ema ins  unvaporized contains concentra ted  
hydrocarbons; i t  flows into the s epa ra to r  (9)  f r o m  
which i t  i s  continuously purged to the liquid oxygen 
disposal  tank (10) .  

Sequence of operations 

The incident which I a m  h e r e  to r e p o r t  oc-  
c u r r e d  within the liquid oxygen disposal  tank. It 
occu r red  during the f i r s t  p a r t  of a regenera t ion  of a 
r i ch  liquid f i l t e r .  The sequence of opera t ions  which 
preceded the explosion a r e  a s  follows: 

1 .  The r i c h  liquid flow was  redi rec ted  f r o m  the "A" 
r i c h  liquid fi l ter  to the s p a r e  "B" r i c h  liquid f i l te r  

2 .  The liquid contents of the "A" r i c h  liquid f i l te r  were  
dra ined and vaporized in the liquid oxygen disposal  
tank . 

3 .  A flow of approximate ly  200 s td .  cu .  f t . /m in .  of 
heated nitrogen was es tabl ished in a downward d i -  
rec t ion  through the "A" r i ch  liquid f i l te r  and out the 
purge  header  to the liquid oxygen disposal  tank. 

One should note h e r e  that  meanwhile a sma l l  
continuous purge  of liquid oxygen was  a l so  flowing 
f rom the sepa ra to r  to the liquid oxygen disposal  tank. 
I ts  weight r a t e  of flow approximately equalled that of 
the regenera t ion  nitrogen. 

After approximate ly  two hour s  the no rma l  
liquid level i n  the s epa ra to r  was  lowered to a minimum 
by increas ing the r a t e  of flow of liquid which normal ly  
flows f r o m  the sepa ra to r  to the liquid oxygen disposal  
tank. This action i s  a routine function p repa ra to ry  to a 
one pe r  shift de l ibera te  flushing of the auxi l ia ry  con- 
dense r - r ebo i l e r .  (In explanation, the l a t t e r  involves the 
rapid dropping of about 170 of the liquid level  i n  the 
ma in  condenser- reboi ler ,  s o  that sufficient liquid 
oxygen will flow through the auxi l ia ry  condenser-  
r ebo i l e r  to well i r r i ga t e  a l l  the tubes .  We hope that 
th is  p rocedure  accompl ishes  the flushing out of any 
hydrocarbon deposits  which may  inadvertently collect  
in the auxi l ia ry  condenser- reboi ler ,  for  example,  i n  
tubes which unintentionally run  d r y  .) 

At the t ime when the sepa ra to r  level  had 
reached the minimum a n  explosion occu r red .  Inspec- 
tion d isc losed that the explosion was  confined to  the 
outer  end of the liquid oxygen disposal  tank. Quite 
fortunately t he re  were  no pe r sona l  in jur ies ,  and the 
cos t  of repai r ing  the physical  damage was  minor .  

Engineering sketch 

Figure  2 shows an  engineering sketch of the 
liquid oxygen disposal  tank involved. Superheated 
s t e a m  en te r s  at  one end through a spa rge r  nozzle 
located beneath a corrugated  t r ay .  In the figure,  the 
corrugated  plate s lants  downwards f r o m  the left  to- 
wards  the right and the s p a r g e r  s t e a m  nozzle i s  
located beneath i t  a t  i t s  upper end. Steam flows under 
the full  length of the corrugated  t r a y  before pass ing to 
the a tmosphere  with vaporized oxygen through a 
ver t ica l  T-shaped s tack.  Liquid oxygen to be  vaporized 
en t e r s  at  the end of the ves se l  opposite the s tack  and 
mus t  flow downward the full length of the sloped 
corrugated  t r a y .  S team i s  always flowing a t  a r a t e  
sufficient to fully vaporize the liquid oxygen. Although 
some  s t eam condensate does form,  i t  i s  not p re sen t  i n  
sufficient quantity to become ma te r i a l l y  significant 
e i ther  a t  the d ra in  point indicated o r  a s  drople ts  falling 
out of the gas emitt ing f r o m  the s tack .  We believe that 

Figure 2 .  Engineering sketch of the liquid oxygen disposal 
vessel. 

this liquid oxygen disposal  tank design,  o r  var ia t ion  
thereof,  ha s  been genera l ly  assumed to be  safe for  
disposing of liquid oxygen heavily contaminated with 
hydrocarbons ,  pa r t i cu l a r ly  acety lene .  

Repaired unit 

Figures  3 and 4 a r e  p ic tures  of the liquid 
oxygen disposal  tank a f t e r  i t  was  r epa i r ed .  F igure  3 i s  
a view f r o m  the end that was  ruptured .  The weld l ine 
for  the channel that holds the corrugated  plate i s  
visible,  slanting f r o m  the right to the left .  F igure  4 i s  
a view f r o m  the opposite s ide .  You can see  the s t e a m  
header  and the  f ro s t ed  oxygen l ine enter ing  the d isposal  
tank. The tank i s  located a safe d is tance  f rom the 
contro l  r o o m .  The cold box i s  between the contro l  
room and the tank. 

Figure  5 i s  two pic tures  of the tank a s  i t  ap-  
pea red  immedia te ly  a f t e r  the explosion.  Note that  the 
r e a r  end has  blown out, but the ves se l  a s  a whole i s  
re la t ive ly  undamaged. The re  was no significant 
damage to the T-shaped stack,  to the ves se l  s ides ,  o r  to 
the bolted manhole cove r .  There  was  a l so  no impor tant  
damage to the corrugated  t ray ,  but i t  was  deformed 
sufficiently to fo rce  i t s  lower end downwards and out 
of the retaining side r a i l s .  The baffle i s  completely 
miss ing.  



Figure 3 .  View of liquid oxygen disposal tank from the end 
that was ruptured (after repair). 

Figure 5. Two photographs of tank as  it appeared immedi- 
ately after the explosion. 

The obvious postulation that could be  made f r o m  
this incident i s  that the sou rce  of the combustible 
hydrocarbons  was  the regenera t ion  gas  s t r e a m  and that 
the ignition was  made possible because  i t  was  brought 
into contact  with a s t r e a m  of liquid oxygen on a hot 
plate.  We offer no o ther  explanation. However, our  
analytical  da ta  indicate that  the hydrocarbon concentra-  
tions were  v e r y  l ikely su rp r i s ing ly  low and of su f f~c i en t  
i n t e r e s t  to comment  upon. 

Hydrocarbon content 

Figure 4. View of liquid oxygen disposal tank from opposite 
end (after repair). 

Detonation Source 

F r o m  these observat ions  we have concluded 
that the explosion occu r red  a t  the lower end of the 
corrugated  t r ay ,  that  i t  probably was  in the f o r m  of a 
detonation and that the explosion force  was d i rec ted  
p r i m a r i l y  in line with the flow of s t eam and vaporized 
oxygen, a t  r ight angles to the stack,  towards the end of 
the ves se l .  

A question for which we have a ve ry  good answer  
i s  what contaminant concentrations were  p re sen t  in 
liquid oxygen which was  being continuously purged f rom 
the s e p a r a t o r ?  For tunate ly  we had a hydrogen f lame 
chromatograph that was  analyzing this s t r e a m  eve ry  
9 to 11 min .  for  p a r t s  p e r  mill ion content of hydro- 
ca rbons .  Analyses r eco rded  for s eve ra l  hours  before 
and af ter  the explosion were  within l imi ts  of no rma l  
opera t ion .  These  l imi ts  a r e  l i s ted  in Table 1 .  These  
concentrations in themselves  a r e  so low a s  to at  l ea s t  
genera l ly  be  accepted a s  giving no cause  fo r  concern .  

What then was  the hydrocarbon content of the 
purging regenera t ion  g a s ?  Quite f rankly  we don't  
know. However,  we have s ince  analytically monitored 



TABLE 1. HYDROCARBON ANALYSIS FOR 
PURGE LIQUID OXYGEN. 

Constituent Concentration, ppm 

Methane 10-40 
Ethane 1-10 
Ethylene < 0.1 
Propane 0.1- 5 
Acetylene < 0.05 
Propylene < 0.05 
Butane ~ 0 . 2  

a number of subsequent r i ch  liquid f i l ter  regenerat ions ,  
and now have a t  l ea s t  some idea a s  to what the con- 
taminant concentrations might have been a t  the t ime of 
the explosion. Time does not pe rmi t  a complete p r e -  
sentation of these data .  Suffice i t  to s a y  we have found 
the concentrations of a l l  o ther  components o ther  than 
acetylene and ethylene to be apparently insignificant, 
being fractional p a r t s  p e r  mill ion except for  methane 
which i s  i n  the seve ra l  p a r t s  pe r  million r ange .  

A typical concentration profile for acetylene 
desorption i s  shown in  Figure  6. A profile for  ethylene 
duplicates that for acetylene except that the concentra-  
tions a r e  usually 25 to 100% grea te r .  (I  s a y  usually 
because  before I left  to attend this meeting, we found a 
case  where  the ethylene was  ten t imes  that of acety- 
lene .) We have found: 

( a )  that the acetylene f i r s t  appears  in de r ime  gas  af ter  
about two hours  regeneration, while the t empera -  
tu re  of the exit  gas  i s  s t i l l  about -290°F.  

(b)  that the acetylene concentration r i s e s  to a peak of 
20 to 50 pprn during the next 30 to 40 min.  and then 
ta i l s  off slowly to a nondetectable level  in about 
4 to 5 h r .  

The peak acetylene concentration occur s  ap-  
proximately when the exit  de r ime  gas t empera tu re  i s  
about -170°F  to -200°F.  Surprisingly to us ,  the acety- 
lene concentration i s  s t i l l  s eve ra l  pa r t s  pe r  mill ion 
even when the exit  regenerat ion gas temperature  has  
inc reased  to 0 ° F .  

R e g e n e r a t i o n  time, hr .  

Figure 6. Typical concentration profile for acetylene. 

H o w  does the da ta  fit 

How does this da t a  fit with the known condition 
of regenerat ion a t  the t ime of the incident? The r e -  
generation had proceeded for  a sufficient t ime  for 
acetylene and ethylene to appear  in the exit  regenera-  
tion gas  s t r e a m .  While we do not know the exact t em-  
pe ra tu re  of th is  gas  a t  the t ime of the explosion, we 
did r eco rd  i t s  t empera tu re  shor t ly  thereaf ter  a s  
-250°F.  Referr ing to our  data for  the subsequent r e -  
generations,  we have found no case  where  the acetylene 
concentration was  g rea te r  than 7 pprn a t  that point i n  
the regenerat ion cycle .  

In summary ,  we have experienced an explosion 
in  a well designed liquid oxygen disposal  tank. It oc - 
c u r r e d  while liquid oxygen and hydrocarbon contami- 
nated gaseous nitrogen exiting f rom a r i ch  liquid fi l ter 
which was  undergoing regenerat ion while simultane- 
ously being purged to the d isposal  tank. The liquid 
oxygen init ially contained l e s s  than 50 pprn total 
hydrocarbons and a t  mos t  only pa r t s  p e r  billion un- 
sa tura ted hydrocarbons.  The regenerat ion gas 
probably contained l e s s  than 7 pprn acetylene, l e s s  
than 20 pprn ethylene, and negligible other hydrocarbons 
other than methane.  Hydrocarbon concentrations of 
these two s t r e a m s  suggests that the liquid oxygen 
actually being evaporated on the hot corrugated t r a y  of 
the d isposal  tank could init ially have contained, a t  most,  
s eve ra l  p a r t s  p e r  million acetylene and ethylene; and 
th is ,  of course ,  would necess i ta te  that a substantial  
portion of the weight of these  components in the gas 
s t r e a m  had been t r ans fe r red  f rom the gas phase (exit-  
ing regeneration nitrogen) to the liquid phase (purge 
oxygen) while they flowed concurrent ly  through the 
purge piping to the d isposal  tank. The explosion oc-  
c u r r e d  then under conditions of ve ry  low hydrocarbon 
concentrations in  liquid oxygen, concentrations which 
a r e  not unusual for  many a i r  separa t ion plants,  p a r -  
t icular ly  those located near  a r e a s  heavily populated 
with pet rochemical  plants,  par t icular ly  acetylene 
plants .  

Prior safety steps 

Steps which we have taken to prevent a r e -  
cu r rence  of this incident a re :  (1)  piping modifications 
s o  that the regenerat ion gas leaving the r i ch  liquid 
fi l ter i s  fed di rec t ly  to the a tmosphere  o r  a l ternate ly  
to the s tack of the d isposal  tank; (2)  improved e lec t r ica l  
grounding of the liquid oxygen disposal  tank. 

P r i o r  safety s t eps  worthy of mention were: ( a )  
instrumentation design to permit ,  remotely  within the 
control  room,  operation of the valve which dumps purge 
liquid oxygen f r o m  the separa tor ,  (b)  location of the 
d isposal  tank away f r o m  the operating a r e a  and in  
such orientation that i n  the event of an  explosion flying 
debr i s  would be away f rom the a r e a  where  an  opera tor  
might normal ly  be standing. 

In conclusion we recommend that a l l  o thers  op- 
era t ing a i r  separa t ion plants review thei r  purging 
p rocedures  s o  a s  to be  s u r e  that they a r e  not uninten- 
tionally incurr ing conditions in thei r  d isposal  sys t ems  
which in  view of our  explosion incident could be con- 
s idered hazardous .  



DISCUSSION 

SVOBODA-Dow Chemical:  We have a s imi l a r  in-  
stallat ion.  Our oxygen purge  comes  f r o m  an oxygen 
sepa ra to r  where  the hydrocarbons  build up to 150 to 
250 ppm, p r i m a r i l y  methane,  ethane, and some  propy- 
lene and ethylene.  I would suggest  that  you check your 
s t eam source .  Can you feasibly get  oil  in the s t eam 
f r o m  your s team-genera t ing  sou rce  which drops  out in 
the d isposal  tank?  We solvent wash the d isposal  tank 
by totally flooding i t  with chloroethane o r  some other  
s imi l a r  solvents anytime the a i r  plant i s  down for  
d e r i m e .  

BOYNE: My only comment  might be that t he re  was  not 
a visible evidence of carbon deposi t s  lying on the 
bottom which would have led us  to believe that o i l  had 
collected underneath the corrugated  t r ay .  Second, and 
I a m  guessing,  had this been the ca se ,  i t  would have 
been m o r e  l ikely that the corrugated  t r a y  might have 
been blown upwards r a t h e r  than downwards.  

I think that point, although I went over  i t  v e r y  
quickly, i s  of sufficient i n t e r e s t  to be  s t r e s s e d .  The 
co r ruga ted  t r a y  was  blown downward a t  i t s  lower end 
and the wave f ront  t ravel led  p r imar i ly  i n  line with the 
s t r e a m  flow. The manhole that i s  on top of this ves se l  
would have taken ve ry  l i t t le p r e s s u r e  to have blown i t  
loose .  The s ides  of the ves se l  just  bulged somewhat.  
The damage i s  a l l  in one end, i n  one d i rec t ion .  

I might add to m y  r epor t  h e r e  that  our  routine 
analytical  procedure ,  this chromatographic  method, 

essent ia l ly  never  shows any acetylene to be  p re sen t  in 
the liquid leaving the s epa ra to r .  The r i c h  liquid f i l t e r s  
a r e  taken o f f - s t r eam for  regenera t ion  eve ry  four days,  
which m a y  be  a sho r t e r  cycle than o the r s  prac t ice ,  but 
th is  has  been an  excellent way of ou r  keeping acetylene 
f r o m  getting pas t  t hem.  

We have calculated the average  concentration of 
acetylene in  the incoming a i r  which would correspond to 
that found in the regenera t ion  gas  s t r e a m  during the 
per iod of regenera t ing  the f i l t e r .  You m a y  be  su rp r i s ed  
to l e a r n  that  th is  number i s  only 3 ppb. 

ANDRES-Canadian Industries:  Have you done anything 
about changing the r a t e  of regenera t ion  on the d e r i m e  
of these  r i c h  liquid f i l t e r s  i n  the e a r l y  p a r t  of the 
cycle ? 

BOYNE: No. In the par t icular  incident, when we had 
the explosion, we w e r e  der iming with nitrogen which 
was  heated f r o m  the beginning of the cycle .  Heating the 
n i t rogen i s  not our  no rma l  procedure ,  but was  the ca se  
during th is  incident.  We have repeated  heating since,  
and find v e r y  l i t t le change in the concentration of 
hydrocarbons  except that  everything comes  out f a s t e r  
when the regenera t ion  nitrogen s t r e a m  i s  heated f r o m  
the v e r y  beginning. We find that  the hydrocarbons f i r s t  
appear  i n  the exiting regenera t ion  s t r e a m  a t  the s ame  
t empera tu re  level  and a l so  s e e m  to d isappear  a t  about 
the s a m e  t empera tu re .  
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