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T H E  applications of f a t t y  acids in metallic soaps 
are of considerable importance. Producers  of fa t ty  
acids and manufacturers  of metallic soaps are 

aware a) that  the metallic soap field represents a sales 
outlet for  approximately twenty-five to th i r ty  million 
pounds of f a t ty  acids per year, b) that  fa t ty  acids 

play a very  important  par t  
in the properties and end 
uses of metallic soaps, and 
c) that  there must be con- 
tinuous c o o p e r a t i o n  be- 
tween suppliers and users 
of fa t ty  acids on matters 
of quality, grades current-  
ly available, and any new 
modifications which may 
become available. Metallic 
soaps are defined by Elliott  
(1) a s "  the alkali, alkaline- 
earth, and heavy metal 
salts of mono-basic complex 
organic acids ."  B o s s e r t  
(6) lists some 25 metals 
and 12 acids which are 
commonly used in the pro- 

E. F. W a g n e r  duetion of metallic soaps. 
This discussion will pri- 

mari ly  be concerned with the mamlfacture,  control, 
and uses of stearates. The effect that  fa t ty  acid char- 
acteristics have upon each of the above aspects will 
be stressed. Brief  references to oleate, linoleate, and 
tallate types of soap will be made. 

Manufacture 

Stearates and other metallic soaps can be manu- 
factured by several processes. The simplest process 
is the so-called fusion method in which metallic oxides, 
hydroxides, or weakly acidic salts are contacted and 
interacted directly with fa t ty  acids at elevated tem- 
peratures.  Mild steel or stainless steel reactors are 
employed. These are equipped for proper  agitation 
and application of heat. Precautions are taken to 
obtain controllable and uniform reaction. As water is 
driven off, the reaction is completed to give the soap 
product  in form of a molten mass. This is then 
cooled, crushed, pulverized, classified for desired par- 
ticle size, and packaged. Stearates prepared in this 
manner  are not of purest  white color and have the 
appearance of a fine but  dense powder. They are 
however substantially free of moisture and foreign 
salts. 

In  the precipitat ion method a dilute soluble soap 
solution is first prepared by  reacting caustic soda with 
the selected fa t ty  acid. A separately prepared salt 
solution of the desired metal is then added to the 
soluble soap solution to bring about precipitation of 
the metallic soap. This method is usually applied on 
a batchwise basis, but  a recent patent  (2) describes 
a continuous mode of operation. 

Some of the operating variables affecting the pre- 
cipitation process are known to be concentration of 
solutions, temperature,  rates of addit ion of reactants, 

and efficiency of agitation. The type of filtration 
equipment used, efficiency of washing, temperature  
and method of drying, method of grinding, etc., also 
have a distinct influence upon the results obtained. 

Nigure l illustrates the effect of concentration, 
par t icular ly  how the amount  of excess caustic soda 
governs the type of aluminum stearate obtained. 

HSt  -~- 3 NaOH ----> NaSt  -[- 2 NaOH -~- H20 

NaSt -~- 2 NaOH -~- A1 +÷+ > 
A1 (OH)2 St ---> -t- 3 Na ÷ (A1 ~{ono Stearate) 

2 HS t  @ 3 NaOH ) 2 NaSt @ NaOH ~ H20 

2 NaSt @ NaOtt  -~- A1 +÷+ ) 
A I ( O H ) S t  2 $ ~- 3 Na ÷ (A1Di Stearate) 

3 NaSt @ 3 NaOH ) 3 NaSt ~ H20 

3 NaSt -~- A1 ÷+÷ ) A1Sta ~, 

-~ 3 Na ÷ (A1 Tri  Stearate) 
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These types (shown in overly simplified form) are 
commonly classified as mono, di, and tri, and " in -  
be tween"  grades are also prepared. 

The greatest proportion of the total stearates pro- 
duction is made by the precipitation process. Products  
so produced are of fine particle size, light and fluffy. 
Excellent white color is at tained because materials of 
construction throughout  a typical  plant using this 
process arc wood, galvanized iron, rubber, and stain- 
less steel. 

Several factors will affect a decision as to which 
type of procedure to use for manufacture  of any given 
product. The most important  factor is the end-use to 
which the product  is subjected. For  "electr ical  ap- 
pl icat ions" in plastics and rubber  the practically zero 
moisture and salt contents of fused soaps dictate their 
use. In other applications, for  example in the cos- 
metic industry,  the fine particle size, the soft and 
fluffy nature,  and the high spreading rate of precipi- 
tated products  are demanded. The cost of production 
by the precipitat ion method may be slightly higher 
than that  by the fusion method because the former 
requires somewhat greater  capital outlay for equip- 
ment and greater  amount  of labor per pound of 
product  produced. 

Certain metallic soaps are marketed in solution 
form. These products generally come under  the cate- 
gorical designation of " D r i e r s . "  They are prepared 
by the above described fusion and precipitation 
processes with the following modification. After  the 
metallic soaps are formed by  fusion or precipitation 
reactions, they are "so lubi l ized"  in mineral  spirits, 
mineral or vegetable oils, and other carriers. The 
precipitation process can be "carried out in a patented 
two-phase water-naphtha system (3), in which metal- 
lie soap as formed becomes soluble in the naphtha 
layer while the aqueous layer  separates and carries 
away undesirable by-product  salts. 
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Quality Contrel Considerations 
Control of raw materials,  and we par t icu la r ly  em- 

phasize control of f a t ty  acids, is a most impor tan t  
aspect of metallic soap production. The na ture  of the 
f a t t y  acid indus t ry  is such that  the variables of origin 
(animal, vegetable, and mar ine) ,  processing t r ea tment  
(pressed, hydrogenated,  etc.), and blending may  lead 
to many,  m a n y  available grades. In  a previous pape r  
(4) we indicated that  our company purchases as many  
as 30 different grades of stearic acids. The physical  
form as received and handled may  be flaked, beaded, 
slab, or liquid. The general purchase specifications 
used for  each of these are ra ther  simple and are no 
doubt well known. We specify and rout inely control 
characteristics, such as min imum acid and saponifi- 
cation numbers,  t i ter  range, iodine number,  and maxi- 
mum color. Since the specific f a t ty  acids used have a 
very impor tan t  effect on propert ies  of the finishe4 
soaps, the above tests merely  act as the roughest  sort  
of screening devices to catch possible gross errors in 
shipments. To a considerable extent we rely upon 
integr i ty  of suppliers to supply  un i fo rmi ty  f rom 
shipment  to shipment  because subsequent perform- 
ante  test ing of finished products  for  control of raw 
materials  is necessarily costly and time-consuming. 
To date the reproducibi l i ty  of propert ies  f rom ship- 
ment to shipment  for specific acids has been excellent. 

Dur ing  the manufac tu re  of soaps by  fusion, pri-  
mary  control at tent ion is given to following the de- 
crease in acid number  as the metallic oxide or 
hydroxide is gradual ly  added. In  m a n y  instances the 
exact degree to which the f a t t y  acid is neutral ized 
(without introducing excess unreaeted alkali) is 
critical. 

The course of the precipi ta t ion reaction is con- 
trolled a) by  careful  measurement  of the total  amount  
of caustic (necessary stoichiometic amount  plus exact 
amount  of excess desired) to car ry  out the soluble 
soap step and b) by careful ly  and exactly reaching 
the desired final p H  of mother  liquor as metal  salt 
solution is added to br ing  about  metallic soap 
formation.  In  the subsequent " f i n i s h i n g "  operation 
which comprises filtering, washing, drying,  and grind- 
ing, routine control a t tent ion must  be given to such 
factors as amount  of retained solubility salts, amount  
of retained moisture, average particle size, and  par-  
ticle size distribution. 

In  the product ion of metallic soap solutions briefly 
mentioned above, the pr incipal  control effect i s  di: 
rected toward a t ta ining desired exact metal  content. 
Other criteria, such as color and viscosity, are also 
careful ly  controlled to make products  of max imum 
utility. 

Typical  propert ies  specified and mainta ined on 
finished stearates are total  ash content, amount  of 
water-soluble salts, free f a t ty  acid content (deter- 
mined by acetone extract ion and also by alcoholic 
K O H  t i t ra t ion) ,  moisture content, and fineness. Cata- 
logues and technical bulletins of most s tearate  manu- 
fac turers  will list these general propert ies  for  the 
various grades manufac tured .  The reference to gen- 
eral is emphasized because many  of the applicat ions 
of stearates are of a specialty nature  and very  exact- 
ing. Accordingly,  a conscientious manufac tu re r  is 
compelled to do a considerable amount  of per form-  
ance-testing. Various examples can be cited. Grease 
grade a luminum stearates must  be checked for gel 
s t rength in mineral  oils and for  character  of the fin- 

ished grease (this requires a well-equipped grease 
laboratory  and some knowledge of grease-making 
techniques).  Lacquer  grade zinc stearates must  be 
checked for  dispersibility, f latt ing and sanding char- 
acteristics in lacquer (obviously this requires some 
knowledge of lacquer formulat ion and evaluat ion) .  
Rubber  grade zinc stearates are checked for  covering 
power when applied to uncured rubber  stocks. Plastic 
grade stearates are checked for  amount  of dir t  con- 
taminat ion and heat stability. Cosmetic grade stea- 
rates are checked for minute  concentrat ion of toxic 
metals, etc. 

Marine base stearie acids are general ly favored in 
grease grade a luminum stearates because they con- 
t r ibute  good gel strength. Appa ren t l y  the presence 
of some C2o and C~.~ chain length acids appear  to be 
desirable. Actual ly  a balanced combination of chain 
lengths f rom C14 to C22 appears  necessary for  proper  
solubility and gel strength.  

The double and t r ip le  pressed acids find appl icat ion 
in the U.S.P. and cosmetic grades of zinc and mag- 
nesium stearates. Hydrogena ted  tallow types  give 
propert ies  desired in some rubber  grade zinc stearates. 
New and unusual  acids with absolute min imum con- 
tent  of t race metals and double bonds appear  to be of 
interest  for  the high heat stable grades of stearates 
present ly  required by the plastics industry.  

Metallic soaps which are made and sold in solution 
form must  general ly be checked for  catalytic act ivi ty  
(dry ing  power)  and initial  solubility in pa in t  ve- 
hicles. Ul t imate  stabil i ty (non-sludging character-  
istics) in these same vehicles must  also be checked. 
Fo r  each of these characteristics, the na ture  of the 
f a t t y  acid used exerts a p rofound influence. 

End-Uses 
Typical  a m m a l  product ion and sales data for  the 

stearates are shown in Table I. 
Soaps of the other sa tura ted  f a t t y  acids such as 

palmitates,  laurates,  and capryla tes  may  become of 
increasing importance,  but  at  the present  t ime their 
volume is such tha t  no statistics of product ion are 
available. 

T A B L E  I 

S t e a r a t e s - - 1 9 5 2  (1 ,OO0 ' s  of p o u n d s )  

P r o d u c t i o n  S a l e s  

A1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
g a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Z n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Al l  o t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 , 7 3 5  
1 8 1  

2 1  
3 , 7 6 3  
1 , 3 0 2  

3 1 8  
5 8 9  

5 , 4 2 9  
1 , 2 6 7  

2 1 , 6 0 5  

8 , 7 5 6  
2 0 2  

2 1  
3 , 7 2 6  
1 , 1 6 4  

'~'~7 
5 , 3 0 0  
1 , 6 4 9  

2 1 , 3 4 5  

End-uses of stearates can be catalogued according 
to whether  t he  desirable propert ies  are contr ibuted 
mainly  by the f a t t y  acid port ion of the soap or 
whether  the metal  consti tuent is of pr ime importance:. 
Many of the uses for stearates stem f rom the fact  tha t  
they offer a means of get t ing the essential stearic acid 
propert ies  in a modified form. Some of these proper-  
ties of stearic acid are lubricity,  water  repellency, 
solubility in hydrocarbons and other solvents, and  
relat ively low melt ing point. When  stearie acids are 
converted to metallic soaps, the lubr ie i ty  and  water  
repelleney characterist ics are retained. The degree of 
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solubility is usually reduced, and the melting point is 
increased. 

The change in solubility may  be quite pronounced 
and may, for  example, be evidenced in the form of 
so-called gelling and thickening action. These prop- 
erties in t u rn  account for  end-uses in such practical  
products as paints and greases. Reduced sohlbility 
makes possible other end-uses such as for  flatting 
agents in paints, varnishes, and lacquers, and sand- 
ing aids in fu rn i tu re  sealers. Increase in melting point 
is direct ly responsible for  the fine particle size of the 
metallic soaps made from stearic acid. A tabulation 
of the melting points of the normal stearates would 
show a range covered by iron stearate at 95°C. and 
li thium stearate at 210°C. 

End-uses dependent  upon fine particle size (and 
making use of the intrinsic characteristics of stearic 
acids) are exemplified by the following. Zinc, calcium, 
and aluminum stearates give "water-repelleney" to 
cement, paper, face powder, and other materials when 
uniformly distr ibuted in a d ry  s ta te  Aluminum, 
barium, calcium, lead, magnesiunl, and zinc stearates 
serve as molding release agents dur ing the forming 
of rubber, plastics, powdered metals, and other ma- 
terials. The same stearatcs serve as lubricants in wire- 
drawing operations and as anti-caking agents in fire 
extinguisher (and other) powders;  and they reduce 
tackiness when applied to uncured rubber. 

End-uses brought  about pr imari ly  by the nature  of 
the metal are i l lustrated by aluminum and li thium 
stearates for  product ion of lubricating greases. The 
former give greases with excellent water-repellency, 
good adhesion to metal, easy pumpabili ty,  good trans- 
parency and eye appeal, and relatively low dropping 
point (approximately 200°F.) .  Greases made with 
the lat ter  again have excellent water-repellency but  
are growing in importance pr imari ly  because they 
can serve as multi-purpose products. Their  high drop- 
ping point  range (350-400°F.) is very  useful in high 
temperature  industr ial  applications, and simultane- 
ously their  viscosity-temperature coefficient is such 
that  they can be readily applied and utilized at sub- 
zero temperatures.  Aluminum soaps have more solu- 
bility in hydrocarbon solvents than soaps of other 
metals. Consequently they are used for preparat ion 
of solutions and gels to be used for example for water- 
proofing of masonry and for pigment suspension in 
paints. 

Barium and lead soaps are heat-stabilizers for  poly- 
vinyl chloride type resins, and cadmium soaps are 
light stabilizers in the same application. Lead stearate 
is used for  control of burning rate in ammunition 
powders. Cobalt and manganese stearates are used 
as catalysts in the oxidation of waxes and other petro- 
leum fractions. In  these applications the usefulness 
quite apparen t ly  is traceable to a chemical action pro- 
vided by the metallic consti tuent of the soap. The 
stearie acid portion serves as a solubilizer and carr ier  
to introduce the metal in a form and a concentration 
in which it will be most efficient. References (4), (5), 
(6),  and (7) are given for  those desiring fu r the r  
details on actual end-uses of metallic stearates. 

F rom the above one can gain some insight into the 
nature  of product  development work in the metallic 
soap field. We are interested in stearic and other f a t t y  
acids (and their  modifications) which will give soaps 
of greater  gel strength in greases, and we are inter- 
ested in acids which will give aluminum soaps of 
higher melting point so that  their  field of usefulness 

in greases may  be broadened. We are searching for 
acids which would help us prepare  zinc soaps of still 
finer particle size. I t  is well known that  when metallic 
stearates are used for  flatting and sanding purposes, 
they  detract  considerably f rom the film integri ty  of 
varnishes and lacquers. We would be very  receptive 
to acids which might be helpful in solving this prob- 
l e m .  More efficient flatting agents are continually 
being sought.  We would welcome acids of exceptional 
heat stability so that  we could prepare  products now 
in demand by the plastics industry.  

The above are just  a few of the improvements which 
are sought by all stearates producers in problems of 
gelation, solubility, flatting effect, sanding effect, heat 
stability, particle size, and spreading characteristics. 
The important  role played by the f a t ty  acids used is 
ever before us. A reference (8), for  example, illus- 
trates the effect which different chain length acids 
have on the propert ies  of zinc soaps used in sanding 
sealers. 

The problems are so many and diverse that f a t t y  
acid suppliers cannot expect to make recommendations 
regarding specific grades to be used for specific end 
uses. Rather  they must a) keep us apprised of the 
grades which they current ly  offer and b) keep us 
informed of any new modifications which may become 
available. 

Product ion volume of soaps of unsatura ted acids is 
not accurately covered in any published information. 
Product ion of metallic soaps from oleic acid is usually 
small except when our armed forces are purchasing 
Napalm. (Napalm is an aluminum soap prepared from 
an oleic, naphthenic,  and coconut acid mixture.)  
Aluminum and other metallic oleates are available in 
pulverized and solid forms, bu t  manufacturers  must 
cope with problems of handling and storage because 
of characteristics such as low melting point and sus- 
ceptibility to aerial oxidation. 

The unsatura ted soaps are therefore generally 
utilized in semi-solid and solution form. They have 
better  over-all solubility than the stearates and be- 
cause of this are utilized as driers for  paints and 
varnishes and as fungicides (copper and zinc soaps) 
for  cellulosic materials. Table I I  gives the 1952 pro- 
duction tabulations for linoleates on a 100% solvent- 
free basis. I t  is also obvious that  the soaps of petro- 
leum-derived naphthenic acid enjoy a much greater  

T A B L E  I I  

P r o d u c t i o n  a n d  S a l e s  of  N o n - S t e a r a t e  S o a p s  i n  1 9 5 2  

P r o d u c t i o n  S a l e s  

L i n o l e a t e s  
C a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Co  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A l l  o t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N a l ) h t h e n a t e s  
C a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Co  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lq~e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 6 9  
1 9 5  
2 4 4  
8 1 0  

1 , 9 1 8  

1 , 3 9 8  
3 , 4 4 1  

3 3 2  
9 , 7 7 2  

5 1 4  
1 9 1  
2 2 1  
7 1 5  

1 , 6 4 1  

1 , 2 5 2  
3 , 3 6 2  

4 3 2  
9 , 2 5 2  

~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Z n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A l l  o t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T a l l a t e s  

Co  . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A l l  o t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 , 5 2 6  
1 , 2 2 4  

6 5 6  

1 9 , 3 4 9  

1 , 8 8 3  
1 2 0  

1 , 8 5 1  
7 0 0  
3 2 0  

4 , 8 7 4  

. 2 , 1 6 7  
1 , 0 8 4  

3 6 6  

1 7 , 9 1 5  

1 , 8 6 9  
9 3  

2 , 0 3 3  
8 0 4  
3 9 3  

5 , 1 9 2  
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popular i ty  as driers. There has been a f lurry of inter- 
est toward so-called odorless paint  driers, a number  
of which are based upon vegetable oil fa t ty  acids. At  
this time it is difficult to estimate the proportion of 
paint driers which will eventually be of this "odor-  
less' ' variety. 

Metallic soaps of tall oil have established themselves 
to some extent in the paint  drier field v s .  the naph- 
thenates (see Table I I ) .  They will no doubt continue 
to grow in popular i ty  in this and other applications 
as refiners of tall oils continue to make up-graded and 
well-defined fractions available and as the pressure 
for low material costs is reflected by customer buyer- 
resistance. 

Summary  

In  this discussion we have  attempted to cover 
pert inent factors concerning the production and ap- 
plications of solid fa t ty  acid soaps, with part icular  
emphasis on how the fa t ty  acid characteristics come 
into play. We have avoided reference to specific 
formulations because these must be kept in the realm 

of metallic soap manufac ture rs '  "know how."  Those 
interested in modifiers and their effect on metallic 
soaps can find reference material in past issues of the 
Journa l  of the American Oil Chemists'  Society (for 
example, reference 9) and in the patent literature. 

Reference to theoretical considerations of metallie 
soap structure has also been avoided as in this area 
the reader can again find reference material in the 
Journa l  of the American Oil Chemists'  Society (for 
example, reference 10). 
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Lubricating Greases 
E. S. CARMICHAEL, Socony-Vacuum Laboratories, Socony-Vacuum Oil Company Inc., 
New York, New York 

T H E R E  was a time 20 years or so ago when some 
people b e l i e v e d  that g r e a s e  p r o d u c t i o n  had 
reached an all-time peak and production there- 

after would decrease because of replacement of greases 
by lubricating o i l s . -His to ry  has proved that  belief 
to be wrong. In  fact, the production curve for greases 

in this country  has risen 
to the point where present- 
day grease manufacture  is 
of the order of 1,200,000,: 
000 lbs. on an annual  basis. 
T h e r e  is no  i m m e d i a t e  
prospect that  grease pro- 
d u c t i o n  w i l l  d e c r e a s e  
appreciably. 

G e n e r a l l y  s p e a k i n g ,  
greases are recommended 
for all types of bearings 
in the following classes of 
service : 

1. where mechanical  design 
(sometimes accompanied by 
high operating temperatures) 
would result in excessive oil 
leakage, high oil consumption, 
and, in certain industries, con- 

E. S. Carmichael tamination or staining of the 
finished product. 

2. where simplicity of design is required, as for example, in 
in many of the aircraft applications. 

3. where mechanical design fails to prevent the entrance of 
grit, water, or other contaminants into the lubricated 
areas. Correctly selected greases can provide an effective 
seal for bearings operating in dusty atmospheres, such as 
occur in cement mills and coal mines, and thereby prevent 
excessive wear. 

4. where the application of a lubricant is infrequent, on 
account of the multiplicity or inaccessibility of the bear- 

ings.  Such condit ions are  f r equen t l y  encountered  in  l ine 
sha f t s ,  in  conveyor sys tems ,  and  in  overhead cranes.  

5. where low opera t ing  speeds  and  heavy  loads m a y  h inder  
t he  r e ady  fo rma t ion  and  cont inued ma in t enance  of ade- 
qua te  l ub r i ca t i ng  films. These  severe condi t ions  are  ex- 
per ienced in  s teel  mills,  a s  for  example  in the  inbricatic*n 
of  roll-necks, as  well as in  va r ious  i ndus t r i a l  p lan t s  where  
jaw-  and  rol l -crushers  a re  employed.  

Structure of a Lubricating Grease 

Basically, what is a lubricating grease ? I t  is essen- 
tially a thickened oil in which particles of the thick- 
ening agent, usually soaps, are highly dispersed in the 
oil. Until  recent years the highly dispersed particles 
were not visible microscopically because in size they 
were too small for resolution by the conventional 
light microscope. The usual type of conventional 
lime base grease, when viewed at a magnification of 
1,000x, had the appearance as shown in Figure  1. 
Very little information was gained regarding the 
basic structure of the grease, using this technique. 

With  the advent of the electron microscope, pro- 
cedures (1) were developed for viewing grease struc- 
tures at magnifications of the order of 20 times greater 
than was possible with the light microscope. Under  
the high-resolving power of the electron microscope, 
dispersed soap particles of greases were readily made 
visible. An  electron microscopic view of the lime base 
grease shown in Figure  1, examined at a magnifica- 
tion of 20,000x, is given in Figure  2. The dispersed 
soap particles, in this instance calcium tallow soap, 
are of the order of one micron in length and 0.1 
micron in width. I t  is to noted that  grease properties 
are not only dependent on the composition of the 
lubricant but also on the size and configuration of 
particles of the thickening agent. 


