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A 
MONG oils, the product of 
the castor bean, Ricinus  
Communis ,  possesses sev- 

eral unique propert ies.  I t  has a 
very high specific g rav i ty  and a 
viscosity of a magni tude f a r  
g rea te r  than tha t  of any other 
known untrea ted  oil. These very 
valuable propert ies  have pointed to 
i ts use as a lubr icant  and it has 
met with success, especially in 
bear ings  car ry ing  heavy loads. 
However, i ts  tendency to become 
rancid when exposed to heat  and 
a i r  have mil i ta ted agains t  i ts use. 
But  in eases where the lubricated 
surfaces are not exposed to air,  i ts  
use should not only be unobjection- 
able but  highly advantageous. Un- 
t i l  a few years  ago the only tests  
applied to an oil so fa r  as lubri-  
cat ing propert ies  are concerned 
were the viscosity and power con- 
sumption or f r ic t ion test. All the 
other tes ts  made re fe r red  to the 
pur i ty  and s tabi l i ty  of the oil. I t  
has recently been recognized, how- 
ever, tha t  two oils of the same vis- 
cosity may have quite different 
lubr icat ing values due to another  
factor,  which, for  lack of a bet ter  
name is called "oiliness." Castor 
oil is pre-eminent  in the posses- 
sion of oiliness and its use as a 
lubr icant  will doubtless be s t imu- 
lated by consideration of this  new 
factor.  Oiliness has been defined 
as "the capacity of the oil to form 
on the bear ing surfaces an ab- 
sorbed film, which will res is t  rup- 
ture  at  low speeds and high loads 
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and thus prevent  metal-to-metal  
contact and abrasion. ''I I t  seems 
quite clearly to be a function of 
the chemical consti tut ion and 
largely independent of the vis- 
cosity. The viscosity, of course, is 
of g rea t  importance in this  con- 
nection and viscosity and oiliness 
are the chief factors influencing 
lubrication. 

Both of these propert ies  depend 
upon the chemicM nature  and con- 
s t i tut ion of the oil. Mineral oils 
are hydrocarbons which are sat- 
ura ted  and iner t  under ord inary  
conditions. Some mineral  oils 
have measureable iodine numbers 
and they vary among themselves in 
this  respect, but the magni tude  of 
this  proper ty  in mineral  oils com- 
monly used as lubricants  is negli- 
gible compared with measure- 
merits of unsatura t ion in anin~al 
and vegetable oils. The former  
consist  chiefly of paraffin hydro- 
carbons and the presence of other 
elements such as sulphur or ni t ro-  
gen is accidental. Except for  the 
very high flash point cylinder and 
engine oils the viscosities are 
lower than those of most vegetable 
and animal oils. In fact, i t  ap- 
pears tha t  in any given chemical 
series, such as the paraffin hydro- 
carbons, the viscosity is a function 
of and varies  direct ly with the in- 
crease of the molecular weight.  I t  
has been observed tha t  unsatura-  
tion of the  molecule increases the 
viscosity and for  purposes of com- 
parison a paraffin base lubr ica t ing  
oil is a completely sa tura ted  sub- 
stance. This par t ia l ly  accounts 
for  the fact  tha t  of mineral  and 
vegetable oils of s imilar  molecular 
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weight, the vegetable oils usually 
have the grea ter  viscosity. An- 
olher s t ructura l  factor  affecting 
viscosity is the symmetry  of the 
molecule. Molecular symmetry  
tends to decrease the viscosity3 
This is an interes t ing idea, as the 
viscosity is thought to be due to 
the "internal  rubbing" of the 
molecules against  each other. Ap- 
parent ly molecular symmetry  
makes for a small amount  of in- 
ternal  fr ict ion of the molecules. 
And here is another reason assign- 
able to the difference of observed 
viscosities in animal and mineral  
oils. Pure  paraffin hydrocarbons 
are r e m a r k a b l y  symmetrical ,  
whereas vegetable and animal oils, 
besides containing various differ- 
ent radicals in the molecule often 
possess asymmetr ic  carbon atoms, 
that  is, carbon atoms, each of 
whose valence is satisfied by a dif- 
ferent  radical. 

Vegetable and animal oils are 
closely related chemically and con- 
sist  of t r iglycer ides  of f a t ty  acids. 
They differ from one another ac- 
cording to the propert ies  of the i r  
acids. Sperm oil is a mix ture  of 
waxes, tha t  is, monomolecular 
compounds of f a t ty  acids with an 
alcohol of high molecular weight.  
Castor oil s tands out in this  group 
with a viscosity approximately 
seven t imes as g rea t  as "that of 
other members.  

Probably all chemical compounds 
possess the proper ty  of residual  
affinity in some degree. By this 
te rm is meant the act ivi ty  and 
capacity for  fu r the r  combination 
with other substances. Atoms are 
ordinar i ly  in a highly active con- 
dition and combine readi ly  to form 
molecules. Molecules, in turn  
while much less active combine 
with other molecules, indicat ing 

that  a mutual force of a t t rac t ion  
previously existed. In some cases 
these molecular combinations are 
so loosely held together,  as, for  ex- 
ample, in the formation of certain 
hydrates,  tha t  the existence of the 
compound must  be detected by 
delicate changes in cer tain physical 
properties,  such as the formation 
of maxima in freezing point 
curves. In other words, there are 
all degrees of act ivi ty of chemical 
combination varying f rom a com- 
parat ively  s trong and stable com- 
pound formation to an extremely 
loosely held and easily disin- 
tegra ted  substance. 

Adsorption is, doubtless, not to 
be considered a form of chemical 
combination, but in many cases it 
exhibits  phenomena s imilar  to a 
very loosely combined compound. 
Adsorption of active gases by finely 
divided charcoal, occurs quanti ta-  
t ively under proper  conditions and 
can be made to reverse like a chem- 
ical combination. The fact  is, that  
at  the border line, i t  is difficult to 
clistinguish between an adsorbed 
surface phenomenon and a chem- 
ical reaction. At any rate,  the 
more chemically active substances 
are more readily and avidly ad- 
sorbed. This idea is applicable to 
the proper ty  of oiliness of lubri-  
cants. 

I t  has already been stated that  
vegetable oils in general, and cas- 
tor  oil in part icular ,  have not  only 
higher  viscosities, but also g rea te r  
degrees of oiliness for equal mole- 
cular weight. The difference in 
residual  chemical act ivi ty  seems to 
explain the observed differences in 
these propert ies.  In each of the 
three acid radicals  combined with 
glycerin in  a t r ig lycer ide  there 
are two a toms of oxygen which 
possess addit ional  combining ca- 
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pac i ty .  One of these  a toms  is as-  
sumed  to be connected to the  car -  
bon a tom of the  ca rboxyl  g roup  by  
a double l inkage,  the  o the r  is  rep-  
r e s e n t e d  as  hav ing  one valence 
sat is f ied by  the  carbon  of  the  car -  
boxy l  g roup  and the  o the r  by  one 
-carbon of  t he  g lycery l  rad ica l .  
B u t  oxygen can and does exis t  in 
t e t r a  va len t  f o r m  3. So t h a t  in a 
ca rboxy l  rad ica l  the  oxygen  a toms  
have res idua l  chemical  affinity. 
T h i s  accounts  fo r  p a r t  of  the  ac- 
t i v i t y  of these  oils. 

I f  the  carboxyl  g roup  is not  com- 
b ined  in the  f o r m  of  es te r  the  re-  
ac t ive  capac i ty  is i nc reased  by the  
presence  of  a labi le  hyd rogen  
a t o m ;  and i t  is  not iced  exper i -  
m e n t a l l y  t h a t  the  presence  of  un- 
combined  f a t t y  ac id  in mine ra l  oils 
o r  in vege tab le  oils has  decreased  
the  s t a t i c  coefficient of f r i c t ion ,  
wh ich  is cons idered  to be a meas -  
u r e  of  the  p r o p e r t y  of  oi l iness.  
U n s a t u r a t e d  l inkages  be tween the  
ca rbon  a toms  compos ing  the  acid  
r a d i c a l  of  oils n a t u r a l l y  inc reases  
t h e i r  reac t ive  power.  The n u m b e r  
o f  u n s a t u r a t i o n s  has  long been 
recogn ized  as  an i m p o r t a n t  p rop-  
e r t y  of  oils bu t  more  f r o m  the  
v i e w p o i n t  of  oils su i t ab l e  f o r  p a i n t  
m a n u f a c t u r e .  The  iodine  n u m b e r  
is  a m e a u r e  of t h i s  u n s a t u r a t i o n  
and  i t  is  found  t h a t  the  p r o p e r t y  
o f  oi l iness  va r i e s  d i rec t ly  w i th  the  
i nc rea se  of  u n s a t u r a t i o n  of  carbon  
l inkages .  Smal l  v a r i a t i o n s  of  
i od ine  abso rp t ion  cannot  be de- 
t ec ted  by  m e a s u r e m e n t  of  oi l iness,  
however ,  and  smal l  d i f ferences  in 
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th i s  cons tan t  in mine ra l  oils a r e  
not  not iceable .  

The presence  of  the  hydroxy l  
rad ica l  in t roduces  ano the r  unsa t -  
u r a t e d  group.  4 The  oxygen of  th i s  
g r o u p  possesses  the  p r o p e r t y  of  
becoming  t e t r ava len t ,  a p rocedure  
which  p robab ly  is an teceden t  to 
m a n y  of  i t s  c u s t o m a r y  reac t ions .  
The hyd rogen  of t he  g roup  can be 
replaced  by  acid  rad ica l  to f o r m  
es ters ,  as  in the  alcohols. Cas to r  
oil is  the  only common hydroxy l -  
a t ed  oil and  some of  i t s  charac -  
t e r i s t i c  p r o p e r t i e s  a r e  due to the  
presence  of  th i s  group.  The  p rop-  
e r t y  of  f o r m i n g  " su lphona ted"  
ca s to r  oil is due to the  r eac t ion  of 
the  hydroxy l  g roup  wi th  su lphur i c  
acid, r e su l t i ng  in w h a t  amoun t s  to 
an es t e r  of  su lphur i c  acid. The  
carboxyl ,  hydroxy l  and  unsa t -  
u r a t e d  g roup  and the  a s y m m e t r i c  
carbon  a tom are  all p r e s e n t  in the  
acid  rad ica l  of  c a s to r  oil, which  
f a t t y  ac id  is known as  r ic inoel ic  
f rom i ts  der iva t ion .  The  f o r m u l a  
for  th is  acid i s :  

CH~ (CH~)~ C HOH ~ CH~ - -  CH -~ 
CH (CH2), = COOH. 

The  under l ined  carbon  is a sym-  
metr ic .  The  combina t ion  in one 
molecule of  both  ca rboxyl  and  hy-  
droxyl  g roups  seems to inc rease  
l u b r i c a t i n g  power  to a m a r k e d  de- 
gree~. E s t e r s  of  lact ic  acid, 
CH 3 CHOH---~COOR a l though  of  a 
ve ry  low molecular  we igh t  demon- 
s t r a t e  th i s  p rope r ty .  

The re  a re  t h ree  types  of  f r i c -  
t ion.  F i r s t ,  t he re  is t he  f r i c t i o n  
be tween  pe r f ec t ly  d r y  clean sur -  
faces,  e i the r  flat or  bal ls  and  ro l le rs  
r o t a t i n g  a g a i n s t  a b e a r i n g ;  second, 
t he re  is the  f r i c t i on  of  p a r t i a l  lubr i -  
ca t ion  where  the  su r f aces  a r e  ~ov- 
e red  w i th  a ve ry  th in  film of  g r e a s e  
or  oil, no t  enough to p reven t  me ta l  
to meta l  contac t  and  th i rd ,  t h e r e  is 
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the f r i c t i on  of complete ly  lub r i ca t ed  
sur faces ,  where  t h e r e  is a lways  a 
film of  oil s e p a r a t i n g  the  meta l s  
and  where  the  f r i c t i o n  is due s im- 
p ly  to the  v icos i ty  of the  lubr ican t .  

P a r t i a l  l ub r i ca t ion  is l ike ly  to 
occur in b e a r i n g s  moving  a t  low 
speed, or  a t  h igh  p re s su re  or  both.  
A h igh  speed of ro t a t i on  has  a ten-  
dency to  " d r a g "  the  lub r i can t  
a round  wi th  the  bear ing ,  low speed 
the  reverse .  H i g h  bea r i ng  pres-  
sure,  na tu ra l ly ,  exe r t s  a t endency  
to b r e a k  the  fluid film and  cause 
p a r t i a l  l ub r i ca t ion  and meta l l ic  con- 
tac t .  A n y  b e a r i n g  can be ope ra t ed  
w i th  a g iven  lub r i can t  so t h a t  
e i t he r  p a r t i a l  or  complete  lubr ica -  
t ion will  take  place. The po in t  a t  
which  the  change  occurs is called 
the  c r i t i ca l  po in t  and  is ind ica ted  
by  a s h a r p  r i se  in the  f r i c t i ona l  co- 
efficient. 

I n  the  reg ion  of complete  lubr ica-  
t ion  t h e  v iscos i ty  of  the  oil de- 
t e rmines  i ts  efficiency as a lubr i -  
cant ,  a s suming  i ts  s a fe ty  and 
s t a b i l i t y  f ac to r s  to be sa t i s f ac to ry .  
But  in p a r t i a l  l ub r i ca t ion  the  oili-  
ness is the  dominan t  fac tor .  An  
e x a g g e r a t e d  case of p a r t i a l  lubr ica-  
t ion  is i l l u s t r a t ed  by  the  l ub r i ca t ion  
of  c u t t i n g  tools where  a heavy  cut  
is taken.  Here ,  f a t t y  oils only a r e  
found  sa t i s f ac to ry .  A m i n e r a l  oil 
compounded wi th  a f a t t y  oil and  
which  gives  s im i l a r  resu l t s  in s t a t i c  
f r i c t i o n  t e s t s  does not  work  as well 
fo r  t h i s  purpose,  p robab ly  because  
the  h igh  t e m p e r a t u r e  a t  the  c u t t i n g  
po in t  a l t e r s  the  l u b r i c a t i n g  prop-  
e r t y  of  the  compounded oil to a 
g r e a t e r  ex ten t  t han  the  s t r a i g h t  
f a t t y  one. 

As  cas to r  oil, possesses  the  mos t  
des i rab le  l u b r i c a t i n g  qua l i t i e s  of  
the  f a t t y  oil g roup ,  compounded 
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minera l  and  cas to r  oils m i g h t  be  ex- 
pected to  have  value. Th is  has  been 
found  to  be the  case. However ,  
t he  so lubi l i ty  curve of  cas to r  and  
mine ra l  oil is a pecu l i a r  one. Cas-  
tor  oil in small  pe rcen tages  is insol-  
uble in mine ra l  oil and  as  l i t t l e  
as 0.5 pe r  cent  causes  t u r b i d i t y  a t  
room t e m p e r a t u r e .  Equa l  quan t i -  
t ies  of cas to r  and  mine ra l  oil, how- 
ever,  g ive  a homogeneous  solution,  
and  the c h a r a c t e r i s t i c  i n so lub i l i t y  
of cas to r  oil is lost  even in smal l  
quan t i t i e s  i f  a small  amoun t  of  so- 
lubIe oil, o r  a mu tua l ly  soluble oil is  
added.  P a t e n t e d  methods  ex i s t  
which  have fo r  t h e i r  pu rpose  the  
r e n d e r i n g  of cas to r  soluble in min -  
eral  oil. These  depend ma in ly  upon 
hea t i ng  the cas to r  oil, e i the r  a lone 
or  w i th  reagen t s .  

Cas to r  oil is d i s t i ngu i she d  chem- 
ical ly  by  i ts  h igh  acetyl  number ,  
about  150, a me a su re  of i ts  hy-  
d roxyl  groups,  i t s  so lub i l i ty  in al-  
cohol, in which  one p a r t  d issolves  
in fou r  a t  o r d i n a r y  t e m p e r a t u r e  
and i ts  h igh  maumen~ test .  P h y s i -  
cal ly i t  is  d i s t i ngu i she d  by  i t s  h igh  
g rav i ty ,  h igh  v i scos i ty  and low 
so l id i fy ing  point .  W i t h i n  the  l as t  
few years ,  however ,  new and im- 
p o r t a n t  l u b r i c a t i n g  t e s t s  have  been 
devised.  These  cons is t  of (1) the  
su r f ace  tension,  (2)  the  i n t e r f a c i a l  
tension,  and (3) the  s t a t i c  coeffi- 
c ien t  of f r ic t ion ,  the  m e a s u r e m e n t  
of oil iness.  The s u r f a c e  tens ion  
and i n t e r f a c i a l  t ens ion  be tween  oil 
and  w a t e r  a re  m e a s u r e d  by  means  
of  a T r a u b e  s t a l agmomete r ,  by  
d ropp ing  w a t e r  into oil t h r o u g h  a 
cap i l l a ry  tube." The  va lue  of  these  
two t e s t s  is  somewha t  in doubt  as 
i nves t i ga to r s  d i s ag ree  as to  t he  re-  
la t ion  of i n t e r r a c i a l  t ens ion  to co- 
efficient of f r i c t ion .  I t  seems, a t  
leas t  possible,  t h a t  low i n t e r f a c i a l  
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