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A considerable  amount of work has  been  done in  
the pas t  studying the compatible concentration of var ious  
o i ls  with high p r e s s u r e  oxygen. This work has  employed 
numerous  types of t e s t  devices and has  examined lub r i -  
cating, c o m p r e s s o r ,  and cutting o i l s .  Compatible con-  
centra t ion has  normal ly  been descr ibed a s  the concen- 
t ra t ion of o i l  a s  a f i lm below which no react ion takes  
p lace .  Depending upon the type of oil and the t e s t  used, 
r e su l t s  ranging f r o m  a few m g . / s q .  f t .  up to 500 m g . /  
s q .  f t .  have been repor ted  a s  being the upper l imi t  of 
the safe  region.  In most  of these  s tudies  l i t t le attention 
was  given to the effect of chemical  s t ruc tu re  on the 
compatibil i ty of a par t icular  s e r i e s  of o i ls .  

It i s  the objective he re  to demonstra te  the i m -  
por tance  of considering chemical  nature  a s  well  a s  
concentration when establishing safe  concentration lev-  
e l s  for a par t icular  s e r i e s  of o i l s .  F o r  this study one 
has  chosen to examine cutting oi ls  which a r e  commonly 
used in  the manufacture of machine p a r t s  such a s  
va lves .  The oi ls  were  classified according to thei r  
chemica l  s t r u c t u r e  by infrared analys is  and thei r  c o m -  
patible concentration determined in the p resence  of pu re  
gaseous oxygen a t  1,500 l b . / s q .  i n .  gauge. 

Test system 

The bas ic  tes t  sys t em used was  originally d e -  
veloped by  E.  Kehat of Air Products  and Chemicals  and 
i s  desc r ibed  in a paper  that was  presented a t  the Cryo-  
genic Engineer ing Conference in August, 1961. Modifi- 
cations have been  made in  the tes t  procedure  that give 
improved r e s u l t s .  F igure  1 shows a schemat ic  d i ag ram 
of the t e s t  s y s t e m .  The main  body i s  composed of a 
2 - i t .  p iece  of schedule 40 s ta in less  s t ee l  pipe with a 
rupture  d i sk  a t  one end, a gas  feed or i f ice  a t  the o ther  
end, and a wi re  igniter placed in the c e n t e r .  The ef-  
fective surface  a r e a  i s  0.689 sq .  f t .  

The oil f i lms a r e  placed on the surface  of the 
bomb by adding a par t icular  volume of a methylene 
chloride solution of the oil to the bomb and evaporating 
the solvent while rotating in a hot water  bath .  The con- 
centra t ion in m g . / s q .  f t .  i s  determined by the concen- 
t ra t ion of oil  i n  the methylene chloride solution and the 
volume of i t  added to the bomb. It i s  important  during 
evaporation to be  s u r e  that a l l  of the solvent i s  c o m -  
pletely removed s ince  sma l l  quantit ies of r e s idua l  so l -  

vent can  have a considerable  effect on the r e su l t s  ob- 
tained. Methylene chlor ide  i s  a v e r y  good solvent f o r  
this purpose because  of i t s  volatility and low react iv i ty  
with oxygen. 

E f f e c t  of o i l  f i lm 

A significant t e s t  var iable  observed in  this s tudy 
was  the effect that a n  oil  f i lm placed on the igniter w i r e  
during evaporation had on the compatible concentration. 
Table 1 gives some  comparat ive  r e su l t s  of nonreact ive  
concentrations determined for  hexadecane and cutting 

TABLE 1 .  E F F E C T  O F  OIL COATING ON IGNITER 
WIRE ON COMPATIBLE OIL CONCENTRATION. 

Compatible concentrations,  
m g . / s q .  f t .  

Igniter f r e e  Igniter coated 
Oil of o i l  with oil 

Hexadecane 150 400 
Blend #2 5 0:;: 150 
Blend dl  300 400 

+Reaction s t i l l  o c c u r s .  

oil blends when the igniter w i re  was  in p lace  during 
evaporation of the solvent and when i t  was  put in p l ace  
af ter  evaporation of the solvent.  As can be seen, the 
nonreactive concentrations determined a r e  much lower  
when the igniter w i re  i s  f r e e  of any oil  f i lm than when 
i t  i s  coated with oil .  These  lower concentrations a r e  
possibly due to ablative cooling of the igniter w i re  by 
the oil  f i lm which r e su l t s  in a lowering of the init iation 
energy peak. In o rde r  to obtain meaningful r e su l t s  
which can be uniformly co r re l a t ed ,  the ignition s y s t e m  
should not be contaminated with the oil .  Therefore ,  in 
this study the ignition sys t em was put i n  place af ter  
evaporation of the solvent had been  completed. After 
evaporation of the solvent and putting the ignition s y s -  
t em in place,  the bomb was  purged with oxygen, p r e s  - 
sur ized to 1,500 1b . I sq .  i n .  gauge, and the wi re  ignited.  
The ignition s y s t e m  used was  composed of a 1 .75- in .  
piece of 1 1 . 5  mil Nichrome wi re  having a r e s i s t ance  of 



IGNITER 

Figure 1 .  Oil fllm oxygen compatibility apparatus 

0.7 o h m s / f t .  which was  soldered to two e lect rode l eads .  
The w i r e  was  flashed by  pass ing 20 amp .  of e l ec t r i c i ty  
a t  7.7 v.  through i t .  

Classification of cutting oils 

For  this study 20 types of commerc ia l  cutt ing 
oi ls  w e r e  obtained f r o m  various vendors .  The i r  i n -  

f r a r e d  spec t r a  were  measured  in chloroform solution 
and the oi ls  were  c lass i f ied  according to the types  of 
chemical  functionality observed.  Based on s imi l a r i t i e s  
i n  in f r a red  spec t r a  the oils were  placed into four 
c l a s s e s .  Table 2 shows these classifications and indi- 
ca t e s  the var ious  types of functional groups obse rved  

TABLE 2. CLASSIFICATION OF CUTTING OILS BY 
INFRARED SPECTRA. 

P r inc ipa l  groups by  
Group infrared spec t r a  B a s e  type 

I C-H, C=O, C-0-C E s t e r  
I1 CH-CHq, CH3 Hydrocarbon 

I11 OH, CH, C=O, C-0-C E s t e r ,  alcohol 
IV OH, CH, C=O Acid sa l t  

OH complexed wa te r  soluble 

fo r  the o i ls  i n  each  c l a s s .  Group 1 shows v e r y  s t rong  
carbonyl  and C - 0 - C  absorption and was  identified a s  
e s t e r  base  cutting o i l s .  Group 2 shows only CH, CH2, 
and CH3 absorption bands and was  identified a s  hydro-  
carbon b a s e  cutting o i l s .  As can be  seen, the ma jo r i ty  
of the o i ls  studied fa l l  into this group. Group 3 w a s  
s imi l a r  to Group 2 but showed a strong OH band and 
was  c lass i f ied  a s  being es ter -a lcohol  b a s e  cutting o i l s .  
Group 4 showed s t rong OH and carbonyl absorpt ion and 
these  oils were  found to be water soluble.  They w e r e  
given the classification of ac id-sa l t -water  soluble type 
cutting o i l s .  Composite blends were  p repa red  fo r  e a c h  
of these groups by mixing equal quantit ies of each oil  
in each group. This was  done to minimize  the number  
of s amples  that would have to be tes ted  and was  justified 
on the bas i s  that the main  variation between the oi ls  in 
each group was  viscosity or  molecular weight.  

Compatibility studies 

Using these four composite blends of cutting 
oils,  compatibility s tudies  w e r e  c a r r i e d  out a t  various 
concentration l eve l s .  In each  c a s e  the initial level 
chosen was  such that violent react ions  were  obtained. 
The concentration of o i l  w a s  lowered by increments  of 
50 mg . /  sq .  f t .  until a nonreactive level  was  reached.  
Reaction was  observed based on noise,  p re s su re  in-  
c rease ,  evolution of heat,  and odor within the bomb. 
Heat evolution was  determined by  feeling the bomb i m -  
mediately af ter  ignition. These  react ions  varied f r o m  
loud detonations which broke the rupture  disk to ve ry  
mild reactions being de te rmined  only by the evolution 
of heat and the format ion of odor .  The nonreactive 
level was  determined a s  that concentration at  which no 
noticeable heat o r  odor w a s  evolved upon examination 
of the bomb immediate ly  a f t e r  ignition. Table 3 shows 
the actual r e su l t s  for each of the four groups of oil .  

TABLE 3. CUTTING OIL OXYGEN COMPATIBILITY 
CONCENTRATIONS. 

Nonreactive Increment of 
concentration, concentration, 

Group Chemical type m g . / s q .  i t .  m g . / s q .  f t .  

I E s t e r  b a s e  300 50 
I1 Hydrocarbon b a s e  7 7 

I11 Alcohol e s t e r  b a s e  150 5 0 
IV Water soluble ac id  

sa l t  b a s e  300 5 0 
- Hexadecane 150 5 0 
- Es te r - type  com-  

p r e s s o r  o i l  200 5 0 
- Hydrocarbon-type 

compresso r  oil  15 15 

Nonreactive o r  compatible concentration i s  that 
concentration of o i l  i n  mg . /  s q .  f t .  which is  one inc re -  
ment below the next highest level  a t  which reaction was  
observed to take place .  F o r  instance,  in Group 1, the 
e s t e r  base- type cutting oi ls ,  react ion was  observed to 
take place a t  350 m g . / s q .  i t . ,  but not a t  300 mg . / sq .  f t .  
In Group 2, the hydrocarbon base  cutting o i l s ,  reac t ion  



took place a t  14 m g . / s q .  ft . ,  but not a t  7 mg.1 sq .  f t .  
For the e s t e r  base  cutting oi ls ,  reaction took place a t  
200 mg . / sq .  i t .  but not a t  150 m g . / s q .  ft .  For  Croup 4, 
the water soluble cutting oils,  reaction took place a t  
350 m g . / s q .  f t . ,  but not a t  300 m g . / s q .  ft .  For  c o m -  
parison seve ra l  other oils a r e  l i s ted on this table.  
They a r e  hexadecane and two commonly used hydro- 
carbon and e s t e r  type compressor  oi ls .  

Variat ion in  safe concentration 

These resul ts  show a considerable variation in  
the safe concentration level  with chemical s t ruc tu re .  
The es t e r  base  and water  soluble cutting oils a r e  the 
most stable and the hydrocarbon base  the l eas t  s table .  
These r e su l t s  demonstra te  that o i ls  containing oxygen 
and phosphorus a toms a r e  more  stable than s t ra ight  
hydrocarbon oi ls .  The effect of branching on react ivi ty  
i s  observed b y  comparing hexadecane and the hydro- 
carbon base  cutting oi l .  The hydrocarbon base  cutting 
oil i s  highly branched and contains a number of t e r t i a r y  
hydrogen a toms ,  whereas  the hexadecane i s  s t ra ight  
chain and contains none of these  reactive s i t e s .  

These  r e su l t s  amply demonstra te  the importance 
of considering chemical  nature  when establishing safe  
concentration l imi ts  for o i l s .  If a general specification 

i s  to be established, the level  must be  s e t  for the mos t  
reactive type in the group. In the c a s e  of cutting oils,  i t  
would be 7 mg . / sq .  ft .  On the other hand, if the specif i -  
cation i s  s e t  such that a l l  pa r t s  a r e  machined using an 
e s t e r  base  cutting oil, a much higher safe  contamination 
level  can  be  established, in this case  300 m g . / s q .  f t .  
Any t e s t  sys tem which i s  designed to determine oi l  con-  
centration on a pipe or  valve should a l so  take into a c -  
count the chemical nature  of the oil .  In this regard,  
one would measure  the oxidizability of the sys tem a s  
determined by both chemical nature  and concentration. 
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