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barr ier  (6). This secondary bond type has interme- 
diate reversibility depending on the temperature  and 
may even exhibit syneresis, as in the development of 
after-tack. 

This brings us to the third type in which the struc- 
tural  units do not have to be pre-formed but  are the 
system itself. Here cross linkage and rapid film for- 
mation is due solely to secondary valence bonding. 
Two eases may be considered, a) where the secondary 
bonding is weak, 500 calories, and b) where it is 
strong, 5,000 calories per atom or atom group. With  
respect to the first I prepared some years ago pseudo 
oil ink fihns which dried to touch in a moment or 
two but  were repeatedly reversible to the sol stage 
merely by agitation at room t e m p e r a t u r e  (7). In 
these films the secondary valence bonding is of course 
quite weak. The s tyrenated alkyds which belong to 
the second type also undergo film formation promptly  
in accordance with the facile orientation and second- 
ary  bonding of the inherent s t ructural  units of the 
system. The secondary bonding is quite strong, and 
the films have a considerable degree of irreversibili ty 
at ordinary temperatures. Of course being a drying 
oil system, the styrenated alkyds subsequently con- 
tinue to oxidize and harden further .  

As is quite apparent  the split second film forma- 
tion obtained with the styrenated alkyds brings the 
drying oils for  the first time within the scope of the 
high speed pr int ing operations previously discussed. 
F rom this point on it becomes an economic question 
as to whether this new approach to drying oil film 
formation can eompete in price and qualities with 
the current ly  used rapid nlethods of evaporation and 
phase displacement. The styrenated alkyds now on 

the market require aromatic solvents as the thinner 
which limits their use to gravure printing. Another  
limitation is their ra ther  strong odor, caused by  un- 
reacted styrene monomer, which is a decided draw- 
back in the food packaging field. The odor will have 
to be eliminated before serious commercial consider- 
ation can be given to this interesting material. Not- 
withstanding their  present limitations, the styrenated 
alkyds and other drying oil adducts which film-form 
by a similar mechanism offer one possibility as to the 
way out of the present dilemma of the drying oils in 
the print ing ink industry.  

Conclusion 
An analysis has been made of the historical posi- 

tion of the drying oils in the pr int ing ink industry,  
of their  current  curtailed usage, and of the perform- 
ance requirements of drying speed and minimized 
odor which have contributed to this curtailment. The 
situation from the long-range viewpoint is a serious 
one. I t  is a challenge and opportuni ty  alike for the 
oil chemist to unders tand in a fundamental  sense the 
physics and chemistry to the process of film formation 
of tile drying oils. The s tyrenated alkyds and the bis- 
phenol-epiehlorhydrin esters point the way to the con- 
cept of fihn formation of dry ing  oil systems in which 
oxidation is not the dominant factor. 
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Miscellaneous Uses of Drying Oils 
S. S. GUTKIN, Falk and Company, Pittsburgh, Pennsylvania 

O I L S  consumed  under  the categorical heading 
of "miscellaneous uses"  have been growing in 
considerable volume. The Bureau of Census 

reported 93,000,000 pounds consumed in 1943; this 
quant i ty  increased steadily to 180,000,000 pounds in 
1948. These miseellaneous uses of drying oils are di- 

versified and cover a wide 
l a t i t u d e  of app l i ca t ion .  
Grouped in this classifica- 
tion are all the end uses 
of drying oils not covered 
by paints, varnishes, res- 
ins, linoleum, and pr int ing 
inks. The facets of the uses 
are so numerous that  a pa- 
per such as this must of 
necessity, be limited. Gen- 
erally, misce l laneous  uses 
cover all the oil consumed 
in put ty ,  mastic, caulking 
and deadening compounds, 
i n su l a t i ng  material, rub- 
ber, rubber-like compounds 
and coated fabr ics ,  core 

$. S. Gutkin oils, stamping and draw- 

ing compounds, rustproofing agents, slushing and 
metal tempering oil, binders  for  brake blocks and 
fibre gaskets, stiffening agents for  pressed wood hard- 
board operations, petroleum additives for pneumatic 
tool and steel cylinder stock lubricants, fluxes for  
t in and terne plate, textile sizes, roofing compounds, 
leather treatment,  wood treat ing chemicals; pharma- 
ceuticals, toilet articles, disinfectants, detergents, in- 
secticides, fungicides, etc. Most of those enumerated 
above will be t reated to a lesser  or greater degree 
in this paper  as the demand may require or the in- 
formation covering is available. 

Caulking Compounds. Of all the miscellaneous uses 
of drying oils those used in the manufacture  of put ty,  
glazing, and caulking compounds are familiar  to coat- 
ing manufacturers  to about the same degree as paints. 
There is a relation between caulking, glazing com- 
pounds, and putties, since all are "over -p igmented  
vehicle plastic bases"  and may in many cases be used 
interehangeably. 

The function of caulking compounds is to fill joints 
between wood and wood, wood and masonry, metal and 
masonry, or between masonry and masonry. Caulking 
compounds are available in three grades, gun grade, 
knife grade, and cord. Sometimes the last type is 
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r e f e r r e d  to as "Calk -Cord ."  The gun  g r a d e  is the  
leas t  v iscous  of the  t h ree  whi le  the  " C a l k - C o r d "  is 
a f i rm p l a s t i c  ma te r i a l ,  a n d  the kn i f e  g r a d e  is in te r -  
med ia t e  be tween  these two grades .  I r r e s p e c t i v e  of the  
g r a d e  cau lk ing  compounds  m u s t  p e r f o r m  as fo l lows :  

1. must not sag 
2. must have controlled shrinkage 
3. must not stain 
4. must adhere to the surface 
5. must not be thermosensitive, to prevent sagging 

under higher temperatures 
6. must be fairly chemically resistant and weather 

resistant 
7. must be impervious to water and water vapors 
8. must form a skin in 24 hours over the plastic mass 
9. must have color stability 

10. must have package stability ; the bulk of material 
must maintain its softness and not become too 
rigid even after a skin forms 

C a u l k i n g  compounds  m a y  be  made  in  most  h e a v y  mix-  
ing  m a c h i n e r y  such as a dough  mixer ,  B a k e r - P e r k i n s  
a n d  l e ad  mixers .  

The  vehicles  g e n e r a l l y  e m p l o y e d  in m a n u f a c t u r i n g  
cau lk ing  compounds  are  l inseed  oil, fish oil, soybean  
oil, cas to r  oil,  a n d  smal l  a m o u n t s  of ta l low.  Some 
vehicles  m a y  even con t a in  t a l l  oil, m i n e r a l  oil, and  
chemica l  p las t ie izers .  I n  u s i n g  the modifiers ,  b l e e d i n g  
a n d  d i sco lo ra t ion  m u s t  be c a r e f u l l y  cont ro l led .  The 
use of t h i n n e r s  is no t  p r e c l u d e d  p r o v i d e d  sh r inkage  
a n d  s t a i n i n g  is k e p t  to  a m i n i m u m .  

P i g m e n t s  used  in  the  m a n u f a c t u r e  of cau lk ing  com- 
p o u n d s  are  asbest ine ,  a sbes t ine  shorts ,  a sbes t ine  floats, 
wh i t ing ,  m a r b l e  dust ,  a n d  h i d i n g  p i g m e n t s  such as 
TiO2, whi te  lead,  l a m p b l a c k ,  i ron  oxides,  etc. Gener-  
a l l y  i f  h i d i n g  p i g m e n t s  a re  used,  the  p rac t i ce  is to 
a d d  them before  the  a d d i t i o n  of the  ex tenders .  Since  
the  f o r m a t i o n  of a sk in  is  des i red ,  the  i n c o r p o r a t i o n  
of so luble  d r i e r s  is d e e m e d  p rac t i ca l .  

Knife Grade Caulking Compound 
Calcium Carbonate ...................... . ................. 1250 
Asbestos Fibre 7 M ........... : ........................... :150 
Basic Carbonate White Lead ....................... 100 
Bodied Fish Oil ............................................... 320 

Gun Grade Caulking Compound 
Asbestlne 3 X ................................................. 390 
Asbestos Shorts 7 M ...................................... :195 
Soluble Bodied Fish Oil 

(76% non-volatile) ................................... 545 
6% Cobalt Naphthenate ............................... 3 

Glazing Compounds. These are  s i m i l a r  to cau lk ing  
compounds  a n d  put t ies .  The  s i m i l a r i t y  to cau lk ing  
compounds  ceases a f t e r  compar i sons  a r e  made  in  re- 
spec t  to b o d y  a n d  to d r y i n g .  Glaz ing  compounds  a re  
s imi l a r  in  b o d y  to cau lk ing  compounds ,  a n d  a skin  
fo rms  on d r y i n g .  These p r o p e r t i e s  a re  a compromise  
as a r e su l t  of the  r equ i r emen t s .  

Glaz ing  compounds  are  g e n e r a l l y  used  on meta l  
sashes, e i the r  i ron  or a l u m i n u m ,  to ho ld  the  l igh t s  
in place.  The window m u s t  be a n c h o r e d  f i rmly  y e t  
the  g laz ing  c o m p o u n d  m u s t  have  some res i l i ency  to 
overcome the  expans ion  and  con t r ac t i on  of the  meta l .  
F o r  t ha t  reason a compromise  in p l a s t i c i t y  is made  
be tween  the more  p la s t i c  cau lk ing  compounds  a n d  
the less p l a s t i c  p u t t y .  0 i l s  a n d  p i g m e n t s  used  for  
the m a n u f a c t u r e  of cau lk ing  compounds  m a y  be  used  
also. I n  a l u m i n u m  g laz ing  compounds  a l u m i n u m  pow- 
der  of the  p a i n t  g r a d e  is g e n e r a l l y  added .  

Glazing Compound 
:Refined Soya ..................................................... 92 
680 vis. Blown Soya...., .................................... 9 
Commercial Whiting ....................................... 204 
Dry Ground Whiting ....................................... 124 
Marble Dust, 85% 200 mesh ........................... 102 
3 X Asbestine ................................................... 24 
7 M Asbestos Shorts ........................................ 15 

Aluminum Glazing Compound 
Alkali Refined Fish Oil ................................... 90 
Bodied Fish Oil ................................................ 10 
Commercial Whiting ....................................... 205 
Marble Dust 85% 200 mesh ............................ 105 
Limestone, dry ground .................................... 120 
3 X Asbestine ................................................... 24 
7 M Asbestos Shorts ........................................ 15 
Standard Ahuninum Powder .......................... 20 

P.zdties. The  f u n c t i o n  of pu t t i e s  is to fill  gene ra l  i r -  
r egu la r i t i e s ,  m a i n l y  on wood. Such i r r e g u l a r i t i e s  m a y  
be impe r f e c t i ons  of n a t u r a l  causes such as cracks ,  
specks,  etc., or  m a n - m a d e  causes,  such as na i l  holes. 
W h i l e  p u t t i e s  m a y  be  used  in  the  same p laces  as 
cau lk ing  a n d  g laz ing  compounds ,  the  p r i m e  use of 
pu t t i e s  however  is to ho ld  l i gh t s  f i rmly  into  wooden 
sashes. Since  the  expans ion  a n d  con t r ac t ion  of wood 
is p r a c t i c a l l y  n i l  c o m p a r e d  wi th  m e t a l  sash in  tem- 
p e r a t u r e  changes ,  the  p r o p e r t i e s  of  c a u l k i n g  or  glaz-  
ing  c o m p o u n d s  a re  m a t e r i a l l y  di f ferent .  The  m a i n  
difference is t h a t  no skin  f o r m a t i o n  wi th  a sof te r  
i n t e r i o r  is needed  in p u t t y  compounds ,  b u t  a f i rm 
t h o r o u g h l y  ha rd ,  non - sk inn ing  p r o d u c t  is necessary .  
P u t t i e s  a re  a p p l i e d  b y  h a n d  a n d  a p u t t y  kni fe .  There-  
fo re  i t  is neces sa ry  to make  a p u t t y  t h a t  has  m i n i -  
m u m  s t ickiness  to p r e v e n t  the  bo the r some  adhe rence  
to hands ,  a n d  secondly,  on knif ing,  the  p u t t y  should  
finish off w i th  an  even glossy effect. 

P u t t i e s  m a y  be  made  f r o m  e i ther  low or  h igh  ac id  
n u m b e r  l inseed  oils. However  where  h igh  pe rcen t -  
ages of p i g m e n t  a re  needed,  a f a i r l y  h igh  ac id  nmn-  
b e r  r a w  l i n k e d  oil should  be  u s e d .  W h e r e  l abe l  re- 
qu i r e me n t s  a r e  not  s t r i ngen t ,  o ther  d r y i n g  oils m a y  
be used. Most  pu t t i e s  a re  made  f rom whi t ing ,  chalk,  
etc., a l t hough  some are  k n o w n  to  con ta in  whi te  l e ad  
a n d / o r  r e d  lead,  etc. Gene ra l ly ,  e q u i p m e n t  necessa ry  
to m a n u f a c t u r e  cau lk ing  or  g l az ing  c o m p o u n d s  m a y  
be  used,  b u t  the  l e ad  chaser  is s t i l l  cons ide red  the 
o r thodox  me thod  of m a n u f a c t u r e .  

Commercial Putty 
Whiting ........................................................... 600 
Raw Linseed Oil ............................................. ]00 

White Lead Putty 
Basic Lead Carbonate ................................... 155 
Whiting ........................................................... 1425 
Linseed Putty Oil, Acld No. 20 .................... 250 

Rus t  Proofing Agents.  The f o r m u l a t i n g  of rus t -  
p roof ing  agen t s  wi l l  v a r y  c o n s i d e r a b l y  w i th  the  re- 
q u i r e m e n t s  d e m a n d e d  of these compounds .  The l eng th  
of t ime  the  m e t a l  is to be s u b j e c t e d  to the  wea ther ,  
the  t y p e  of a p p l i c a t i o n  ( sp r a y ,  d ip  or  b r u s h ) ,  a n d  
the  cost a r e  the  p r i n c i p a l  cons idera t ions .  A l l  of these 
compounds  have  two r e q u i r e m e n t s  in c o m m o n :  the  
a b i l i t y  to r u s t p r o o f  a n d  the a b i l i t y  to remove  eas i ly  
f rom the  me ta l  sur face .  

Cheap  compounds  a re  b a s e d  on p e t r o l e u m  oils a n d  
greases ,  which  have  poor  ru s tp roo f ing  qua l i t i e s  and  
a re  diff icult  to remove.  B e t t e r  p r o d u c t s  con ta in  b lown 
fish oils, degras ,  and  o ther  s e m i - d r y i n g  oils. I n  gen- 
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eral, products  which will wi thstand a f ive-minute 
period under  a hot water  faucet  tap and still remain 
intact, be capable of removal with a caustic water  
ba th  or solvent, and be non-corrosive to metal  are 
considered most satisfactory.  

Some rustproofing compounds are required to "dry 
at room tempera ture  for  24 h o u r s ; "  not crack when 
bent  around a one-quarter  inch rod at  - - 40 ~  be 
sufficiently d ry  af ter  24 hours to permit  handling 
without  in ju ry  to the coating; pass a 10-day salt 
water  spray test ;  a 30-day humidi ty  and ultra-violet  
r ay  test;  and be completely removable with " d r y  
cleaners ' solvent. ' ' 

Many rustproofing specifications will not permi t  
the use of rosin or chromates. United States A r m y  
Ordnance Specification 2-84B is included in these. 
The Ordnance Depar tment  AXS 673 rustproofing 
specification must  pass the most r igid requirements 
at a maxinmm fihn thickness of .008 inch thick and 
still be removable with kerosene. 

A very few rustproofing compounds are not ex- 
pected to be removed. One of these is a p igmented 
type covered by  the Bureau  of Ships 52 C 17 for  
use on submarine ballast  tanks and steel decking. 
This type does not use drying oil and does require 
rosin and chromates, quite in the reverse of most 
specifications. 

Navy Specification 52 C 18 covers three grades of 
thin film rustproofing compounds which should with- 
s tand two to four  weeks'  salt spray  test  and be re- 
movable with wiping cloths sa tura ted  in kerosene. In  
general, most rustproofing compounds are not per- 
manent  coatings and must  be removable. The surface 
of the metal  should then be sufficiently clean for  
paint ing purposes. 

Certain chemical additives are f requent ly  used to 
increase penetration.  Some of these additives are used 
on surfaces already rusted so that  the compound will 
penetra te  the rust  and secure it to the surface. These 
materials  consist of " l e ad  soaps"  or " d r i p  gas oi l ."  

Soluble chromates are also used for  rustproofing 
agents. These are basic and neutralize carbonic acid 
formations which would accelerate rusting. Sperm 
oil which contains approximate ly  30% cetyl alcohol 
is said to have excellent penetrat ion characteristics 
and is f requent ly  used in rustproofing compounds. 
A typical  low cost rustproofing compound would be 
formula ted  as follows: 

40 parts  blown fish oil Z-5 
10 parts  degras 

5 parts  rosin 
2 parts  lead linoleatc 

43 parts  u  P. naphtha  

Stamping and Drawling Compounds. Special soaps 
and lubricants  are required in the s tamping of metal  
objects such as auto headlights, hub caps, and the nu- 
merous metal  parts  designed to various shapes. These 
lubricants  are also required in drawing wire, alumi- 
num and brass pipes, etc. 

Vegetable and marine oils are used in these com- 
pounds for  definite purposes. The blown fa t ty  oils 
have a much greater  tenaci ty or resistance to shear- 
ing than  petroleum greases. They will adhere to a 
metal  surface under  the high tempera tures  developed 
dur ing the s tamping operation and not " p u l l  a w a y "  
f rom heat as a petrolemn oil will. They can be re- 
moved economically in a caustic ba th  by  saponifica- 
tion, ra ther  than b y  expensive solvent degreasing 

processes. The surface of the metal  is " c l e a n e r "  f rom 
the s tandpoint  of paint ing or plat ing than is possible 
with petroleum greases. 

Frequent ly  the s tamped metal  object is stored " o u t  
of doors"  and subjected to the weather  for  a period 
of time. In  this case the s tamping compound is also 
expected to act as a rustproofing agent  in protect ing 
the metal. Semi-drying oils will " s e t  u p "  and form 
a tough coating tha t  can still be removed by  saponi- 
fication. Petroleum greases have fa r  less value as a 
rustproofing agent. 

In  spite of all the desirable characteristics of blown 
f a t t y  oils in s tamping compounds, these are still more 
expensive than  petroleum products,  and for economic 
reasons compounds containing both mineral  oil prod- 
ucts and blown f a t t y  oils are generally used. 

Approximate ly  20% of saponifiable oil is necessary 
to provide minimmn requirements for  tenacity, adhe- 
sion, and cleansing propert ies  in a low-cost s tamping 
compound. Such a product  could be formula ted  as 
follows : 

8% soap (oleie acid, tallow, fish oil) 
12% blown fish oil Z-6 
80% mineral oil 

Limed f a t t y  oil soaps are used for drawing wire, 
aluminum, brass, or copper pipe. These compounds 
are based almost entirely on f a t t y  oils since this type  
of processing involves considerably higher tempera-  
tures  and pressures. Blown fish oils are compounded 
with lime to fo rm a tough " s o a p "  required in the 
lubricat ion of drawing these metal  objects. 

Pneumatic Tool and Steam Cylinder Stock Lubri- 
cants. Special lubricants  are required for  pneumatic  
tools, air  compressor cylinders, steam cylinders, and 
reciprocat ing steam engines. These usually contain 
f rom 2% to 20% "f ixed oils." The approved  fixed 
oils are blown rapeseed, tallow, lard, mnstardseed,  
peanut,  or fish oils. 

Equipment  subjected to steam, or air  containing 
moisture is best lubr icated with oils having enmlsifi- 
able properties.  Since mineral  oil is l ighter  than 
water, metal  surfaces would " s p o t  r u s t "  if  this com- 
pounded lubr icant  were not used. In land  equipment 
such as locomotive cranes, steam hoists, and steam 
shovels require this lubr icant  as well as most marine 
equipment.  

The " f i x e d "  saponifiable oils used generally have 
a viscosity of 500-720 Saybol t  at  210~ They are 
blown to increase emulsifiable propert ies  and should 
contain a min imum of free f a t ty  acids, no moisture 
or gumming constituents, and be miscible with cer- 
tain petroleum oils. Generally, Texas asphaltic or 
mid-continent petroleum oils are used. The Pennsyl-  
vania paraffinie types are not used because of their  
incompatibi l i ty  with blown f a t t y  oils. These " f i x e d "  
oils are usual ly blown at a high tempera ture  to 
increase solubility characteristics and are generally 
dark in color. They are expected to be completely 
soluble in the mineral  oil used and not settle out on 
standing for  prolonged periods. 

Steam emulsion tests and demulsifieation tests are 
carefully, run  in evaluating this type of lubricant.  
These tests are covered by  " F e d e r a l  S tandard  Stock 
Catalog VV-L-791"  and A.S.T.M.  procedures. The 
steam emulsion number  is reported as the SE num- 
ber. Rapeseed oil was once used almost exclusively in 
this type application, t towever  rapeseed is imported 
f rom Manchuria  and is subject  to a tariff. Domestic 
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oil such as fish and peanut  are much lower in cost 
and equally suitable. These la t ter  oils have been 
approved  for  use by  the Navy  and industrial  com- 
pounders  dur ing the last war. 

Special oil and gasoline resistant  greases requir ing 
the use of vegetable and fish oils are covered by  
Army-Navy  Specification AN-G-14. These gasoline re- 
sistant greases are used on gaskets and taper  plug 
valves employed in the fuel and air systems of air- 
craft.  These greases should be not more than 10% 
soluble in a mixture  of aviation gasoline, toluene, 
xylene, and benzene. The greases are composed of 
vegetable or fish o i l  compounded with a sodium or 
potassium f a t t y  oil soap. This is a d ry  soap, relatively 
free f rom water. The soap content is approximate ly  
20 % of the total grease. 

Core Oils. A core oil is used as a binder  for  sand in 
forming the core of the mold in which metal  castings 
are made. The oils used for  this purpose are linseed, 
soya, chinawood, oiticica, and tall oil. F requent ly  
petroleum polymers,  cereal binders, rosin, and other 
resins are used to decrease costs and increase the 
" g r e e n  s t r e n g t h "  of the core. The te rm "green 
s t r eng th"  applies to the r igidi ty of the core before 
baking and denotes the abil i ty of the core to with- 
stand handling. 

Rosin, tall oil, and similar thermoplast ic materials  
are excellent binders but  will soften when the hot 
metal  is east, causing a warping  or sagging of the 
core. Oxidizing oils such as linseed, soya, and wood 
oil will not soften under  heat and do increase the 
r igidi ty of the core dur ing casting operations. 

Cores are baked at various temperatures,  depend- 
ing on the equipment  used at each par t icular  foundry.  
Some foundries bake cores over-night over a coal fire 
with little regard  for t empera ture  control. Others are 
more careful  to obtain maximum core s t rength by  
following a regular  baking cycle. 

A good core oil is expected to reach a max imum 
strength in three to four  hours '  bake at 425~ Sup- 
pliers recommend about  four  hours at 400~ The 
core should suppor t  molten metal  without softening 
or warping until  the metal  has " s e t , "  and then the 
core is expected to burn  up or disintegrate so tha t  
it may  easily be removed f rom the casting. This is 
extremely impor tan t  in casting thin one-quarter  inch 
steam radia tor  tubes f rom which the burnt -out  sand 
core must flow. I f  the core remained rigid, it could 
not be removed and the core would be rejected. 

A typical  core oil has a viscosity of A-G and f rom 
65% to 100% solids. No drier  is used as this would 
cause the sand/oi l  mix to " s e t  u p "  on the core bench. 
The core oil is also required to provide proper  " f e e l "  
and " l u b r i c i t y "  to the sand so that  the sand core may  
be molded proper ly  and not stick to the core box. 

One pa r t  core oil to seventy to a hundred  par ts  
sand is usually used. A typical  core oil may be formu- 
lated as follows: 

Ester i f ied refined tal l  oil ............................... 20 % 
Raw l inseed oil ............................................... 70% 
Low viscosi ty  minera l  oil .............................. 10 % 

Tin and Terne Plating. Palm oil up to the present  
t ime has been a strategic material  in the manufac ture  
of tin and terne plated steel ( l ) .  In  hot dip tinning, 
clean steel sheets are carried by  rolls through a flux 

of zinc chloride solution into a ba th  of molten t in 
and up through an 18-inch layer of hot palm oil. 
Both the flux and the pahn oil float on the surface 
of the molten tin in their  respective boxes. Three 
sets of adjustable  steel rollers are general ly used to 
smooth the fihn of tin. Af te r  coating, the tin plate 
passes through a fel t  or canvas roller over which 
wheat b ran  is distributed. This cleans off excess oil 
and impar ts  the br ight  look which is so attractive.  

Tin of commerce is essentially pure, approximate ly  
99.8%, with a melt ing point  of 232~ necessitating 
the use of an oil that, a t  a cracking tempera ture  of 
240-290~ must  not volatilize rapidly,  must  not poly- 
merize and become " s t i c k y , "  and must  clean rapidly  
f rom the sheets. Yet a small amount  of heat degrada- 
tion is necessary since these products  help to remove 
the oxides and wet the metal  properly .  

Without  the oil, the t in coat would be uneven and 
the surface would become powdery as the tin oxi- 
dizes when exposed to the air  at the high heat. A 
good oil for t inning must  be stable as well as non- 
inflammable at working temperatures ,  must  pour  at 
room temperature ,  be non-toxic, odor-free, and cheap ; 
must  not interfere with l i thographing,  laequerifig, or 
soldering; and nmst  be plentif ld and economical .  
Pa lm oil meets all these requirements although hy- 
drogenated oils have been used. However  during the 
last war  our source of pahu oil f rom the F a r  East  
was cut off, curtailing' the production of cans for  food 
packaging, necessitating a research program to find 
another  oil to make our tin plate indust ry  as self- 
sufficient as possible. 

An oil is now being tested in product ion that  is 
p repared  f rom dimerized linoleic acid combined with 
methyl  dimerate. This oil is not  as volatile and does 
not become too viscous as does palm oil. 

Chemicals Derived front Drying Oils. The use of 
drying oils or unsa tura ted  acids derived f rom drying 
oils, for  product ion of chemicals, does not compare 
in scope with the amount  of materials  p repared  f rom 
hardened or na tura l ly  occurring sa tura ted  oils be- 
cause of the difficulty experienced in handling the 
unsa tura ted  mater ial  as well as the economics in- 
volved. However,  u n s a t u r a t e d  compounds do find 
their  use in industry.  

By  the complete breakage of double bonds in lino- 
leic acid without oxidation of the p r i m a r y  products  
we should produce caproic, nlalonie, aud azelaic acids. 
Linolenie acid under  the same conditions should pro- 
duce propionic acid, azelaie, and two moles of malonic 
acid. I f  the acid contains a conjugated system of 
double bonds, we should expect, for  instance, f rom 
elaeosterie acid, valeric acid, aze!aie acid, and two 
moles of oxalic acid. However  the above p r ima ry  oxi- 
dation products  are not always obtained, pa r t ly  due 
to the fac t  that  a quant i ta t ive break seldom occurs 
and the p r i m a r y  product  may  be pa r t ly  or completely 
oxidized to a lower molecular weight acid (2). 

I f  par t ia l  oxidation of the double bonds occurs, 
we obtain products  such as di and polyhydroxy,  hy- 

�9 droxyketo, diketo, and oxide acids. Fo r  example, the 
par t ia l  oxidation of linoleic acid furnishes us tetra-  
hydroxy  stearic acid and the par t ia l  oxidation of 
linolenic acid forms a hexahydroxystear ic  acid. These 
par t ia l  oxidation products  are obtained by  the use of 
cold dilute alkaline permanganate  (2). These products  
have found a place in the manufac ture  of plasticizers, 
softeners, and s tar t ing points for  other derivatives. 
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The first synthetic detergent,  dating back more than  
a hundred years, was the sulphuric acid derivatives of 
vegetable oils. Short ly af ter  the F i r s t  World  W a r  the 
I. G. Farbenindust r ies  developed Igepon A. which is 
a sulfonated f a t ty  acid ester. The s tudy of its deter- 
gent propert ies  led to the realization tha t  the car- 
boxical group inhibited detergent  action, Ieading to 
the manufac ture  of f a t ty  alcohol sulfates. The manu- 
facture  of the f a t ty  alcohol sulphate required f a t ty  
alcohols, the manufac ture  of which was first s tar ted 
in 1933 by  E. I. duPont  de Nemours Company Inc. 
at Deepwater,  N. J., using a sodium reduction proc- 
ess. Although a German operation s tar ted in 1928 
for  the manufac ture  of f a t ty  alcohols used high pres- 
sure hydrogenation,  the duPon t  Company used the 
sodium reduction process because it permits  the pro- 
duction of unsa tura ted  alcohols. The German process 
at tacks the unsa tura ted  bonds before the ester group 
is reduced, result ing in a sa tura ted  alcohol, whereas 
the sodium reduction seldom affects u n s a t u r a t i o n  
although certain conjugation systems may  be rear-  
ranged. While today the major  marke t  for  f a t ty  al- 
cohols is in the manufac ture  of synthetic detergents, 
it is believed that  the esterifieation of these products  
with dibasic acids to form plastieizers will some day 
be a new marke t  (3). 

A new field of chemicals, based upon fa t ty  acids, 
has been developed since 1935, for  the product ion of 
amides, nitriles, amine acetates, and qua te rnary  am- 
monium salts. While the bulk of these materials  are 
p repared  f rom saturated or hardened acids, soybean 
oil, as well as other semi-drying oils, can be utilized 
in their  preparat ion.  

F a t t y  acids react with ammonia to form amides 
which at elevated tempera tures  over an a luminum 
oxide catalyst  are dehydrated to fornl the correspond- 
ing nitriles. Nitriles can be hydrogenated to p r ima ry  
amines at a pressure of 200 pounds per  square inch 
of hydrogen at 150~ using Raney nickel as the 
catalyst.  Nitriles may also be reduced to secondary 
and te r t ia ry  amines by  the use of a higher tempera-  
ture and more effective catalyst. The amine acetates 
are p repared  by  pumping  together through propor-  
t ionated pumps,  acetic acid and the amine, the mix- 
ture st irred and cooled to remove the heat of reaction. 
The qua te rnary  ammonium salts are p repared  by  the 
t rea tment  of the amine with methyl  chloride. These 
four  chemicals find a use as tack reducing agents in 
rubbe r  and resin coating, mutua l  solvents for  waxes 
and resins, water  repellents, softening agents, lubri-  
cants, dyeing assistants, and the synthesis of other 
compounds (4).  

Medicinal Oils. The use of castor oil for  medicinal 
purposes has been general but  not too enthusiastic. 
While castor oil is not considered to be a drying oil, 
it cer tainly fits into the picture on the use of mis- 
cellaneous dry ing  oils since it is the daddy of de- 
hydra ted  castor oil. Criticism due to commission is 
slightly more tenable than that  received f rom omis- 
sion. For  that  reason cashew nutshell liquid is in- 
cluded as a miscellaneous drying oil. Actually,  the 
reason is more feasible if  one realizes the use of 
modified cashew nutshell  oil in the protective coating 
and insulating varnish end of the pa in t  industry.  

Cashew nutshell  oil contains a phenolic compound 
called " C a r d o l "  (C:~2H.~204) and an acid C:~H.~O~ 
called anacardic acid. The oil has medicinal value 
for  warts,  corns, r ingworm, and cancerous ulcers. I t  

is applied to the soles of  the feet to prevent  crack- 
ing of the cuticle and is an anesthetic in leprosy 
cases (5). 

Linseed oil is suitable for  both internal  and exter- 
nal medicinal use. Alone or with lime water,  it is 
used for  the relief of superficial burns.  I t  also is 
used in enemas, especially in hemorrhoid cases. A 
solution of linseed oil and  sulfur  was fo rmer ly  used 
in t rea tment  of scabies and parasit ic sk in  diseases. 

The work of Bur r  and his co-workers on the defi- 
ciency disease caused by  the lack of linoleic, linolenic, 
and arachidonic acids in feeding tests showed that  
the animal organism definitely requires these essen- 
tial unsa tura ted  acids and yet  lacked a mechanism for  
synthesis f rom carbohydrates  and was not able to 
produce them by  dehydrogenat ion f rom ingested or 
stored fats. However  these acids are so readily dis- 
t r ibuted  in nature  that  a deficiency of this acid in a 
normal  diet is a rar i ty .  

Vitamin Oils. These are included here since they 
may have a common source as the miscellaneous oil. 

V i t a m i n  A - -  A n t i -  xerophthe lmic  - -  occurr ing  m o s t  abun-  
dan t ly  in oil f r o m  the  l iver of  ha l ibut ,  cod, and  other  
fish. I t  is also be ing  p repa red  synthe t ica l ly .  

V i t a m i n  D ~ - N a t u r a l  an t i rach i t i ce  por t ion  of fish-liver oil. 
V i t a m i n  E - - X - t o e o p h e r o l - - a n t i - s t e r i l i t y  v i t amin .  The bes t  

n a t u r a l  sources are  wheat  ge rm  and cot tonseed oil. 

Insecticides. The use of glyceride oils in insecti- 
cides is to obtain a blending or adhesive medium for  
insecticides, an adherent  to the plant,  maintenance 
of the mixture  over a reasonable length of time dur- 
ing dry  and wet weather,  etc., good coverage of spray,  
and slow drying to prevent  hard  filni format ion so 
that  the oil is liquid to 40~ Four  systems for  the 
use of oil are as follows: 

a) in combina t ion  wi th  kerosene 
b) as a su l fur ized  oil m a i n l y  su l fu r  and  fish oil 

combina t ions  
c) as a soap to prepare water solutions 
d) as a stick adhesive in tree banding compounds 

The oil in the last use is formula ted  with a non-dry- 
ing sticky constituent, or a drying modifier for  the 
oil such as a B naphthol.  A typical  tree banding  over 
paper  consists of:  

1 pa r t  rubber  la tex  
1,/,2 pa r t  fish oil 
15 pa r t s  minera l  oil 
~/2 pa r t  rosin 

1 par t  s w e e t e n i n g m a t e r i a l  

Cashew nutshell liquid is an accepted repellent for  
white ants and insects (5). 

Leather Treatment. Compounded oils used for  
t reat ing leather for the soles of shoes are the semi- 
drying type having iodine values of 120-150. U. S. 
A r m y  Specification 92-62 covers two types, both of 
which have 60% non-volatile oil and 40% solvent. 
Type A should contain a min imum of 25% blown 
f a t t y  oil while Type B contains 95% blown fa t ty  oil. 
Another  specification for compound for  leather treat- 
ing is JAN-C-1063. The blown oil used in this type 
specification is 550 Saybolt  at  130~ and consists of 
low iodine fish oil, herr ing oil, or oilier suitable semi- 
drying oil. The balance of non-volatile oil can consist 
of mineral  oil. 

This leather t rea tment  increases water  resistance, 
resistance to wear and scuffing, and in general will 
prolong the life of the leather. Petroleum oils tend to 
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" d r y  o u t "  and do not contribute in the same manner  
as the oil more closely approximating that contained 
in the original hide. A typical oil consists of 50 parts  
of blown fish oil and 15 parts  of common Degras 
which are heated and stirred. To this is added slowly 
10 parts  of water containing a good wetting agent. 

Oils used in belt dressing are intended to increase 
the " g r i p "  or friction that exists between belt and 
pulley. These oils should penetrate  the belt and in- 
crease flexibility while at the same time providing a 
water and chemical resistant coating. A combination 
of light kettle bodied fish oil, degras and paraffin oil 
will make a suitable belt dressing. Solvents are not 
used due to the fire hazard involved. 

Rubber, Rubber Tile, a n d  Factice Compounds. 
White factice is a light colored, compressible material, 
principally used as an extender or modifier for  rub- 
ber. A large volume of this material is used in the 
manufacture  of erasers. The method of manufacture  
is to react a semi-drying oil with sulfur  monochloride 
at room temperatures. 

Brown faetiee, an unsaturated oil, is reacted with 
sulfur  at its melting point. Blown oils are quite 
generally used. By varying the processing and ratio 
of oil to sulfur  a viscous dark liquid, a hard solid is 
produced. The material  finds usage as a rubber  
extender, manufacture  of linoleum, etc. 

A recent development, a product  quite similar to 
natural  rubber,  is made by obtaining the dimerized 
fa t ty  acids from a Y bodied soybean oil. These are 
made by saponification acidification of the bodied oil 
and distilling' off the dimerized acids. The acids are 
then neutralized with ethylene glycol. The ester has 
been used for  the manufacture  of rubber  gaskets, 
tubing, etc. 

Pressedwood Fibre Boards. Stiffening and temper- 
ing oils are used in pressed fibre hardboard  operations 
to increase the strength of the board. Frequent ly  
these boards are used for  masonry forms, and the 
impregnation with drying oils also increases the water 
absorption resistance and alkali resistance. 

Several methods are used in tempering hardboard.  
In one method the finished board is immersed in an 
oil mixture for  three to 10 seconds, during which 6 
to 9% oil by weight of the board is absorbed. The 
board is then baked for three to six hours at 300~ 
This t reatment  will increase th~ modulus of rup ture  
f rom 800 P S I  in the untreated board to 1,500 PSI.  

A second, a west coast process, consists of blending 
an oil, resin, and wax combination with damp wood 
fibre in a cyclone mixer. An eight-inch thick felt  mat 
is made, which is then hydraulical ly pressed while 
heat is applied at the same time, fusing the binder  
and wood film together. 

A typical tempering oil for  hardboard may consist 
of 50% drying vegetable or marine oil and 50% 
petroleum polymers. Small quantities of driers are 
used to insure proper  bake. These oils should be 95- 
100% solids and have a viscosity not exceeding H-I. 
The quant i ty  of oil absorbed by the board can be con- 
trolled by viscosity, temperature  of the oil bath, and 
length of immersion period. 

Automotive Gaskets. Thin asbestos sheets are first 
roller coated with a liquid fish oi l /graphite  mixture. 
These sheets are coated on each side and cut to a size 
suitable for use on the gasket forming machine. 

The sheets are stacked about two feet high and 
placed in rows for " c u r i n g . "  Heat  develops in the 

stack of asbestos sheets, which causes the oil to 
harden, or sheets of the t reated asbestos are placed 
on either side of a copper gasket f rame and are 
laminated by machine operation. 

Brake Block and Brake Linings. Originally, binders 
consisted of pitches, as saturants  for woven l ining;  
later  blends of pitches and drying oils, also as woven 
lining saturants, cured by heat and oxidation. Later  
these blends were used as binders for  molded seg- 
ments. Of later years they were bodied and employed 
as such with sulfur  as the binder. When thus em~ 
pIoyed, they produced molded linings of type capable 
of being produced in rolls and quite flexible. 

With increase in vehicle weight and higher speeds, 
together with requirenlents for  improved brakes, oils 
have been substi tuted in par t  by phenolic resins, 
either in the form of mixtures, in which case sulfur  
is employed, or as an oil-modified phenolic resin con- 
taining from 15 to 60% vegetable drying oil. Such 
binders are used with and without sulfur. The oils 
most commonly employed are linseed, dehydrated 
castor, or wood oil. Today most impregnants for  
woven linings contain an appreciable percentage of 
vegetable drying oil. 

Oils have a characteristic of impart ing softness to 
friction elements when used as the modifier for  
phenolic resin binders and thus reduce scoring ten- 
dency and prevent  loss of friction from glazing corn- 
monly characteristic of unmodified phenolic binders. 
Very often, the oil is reacted directly with the 
phenolic resin in the process of manufacture  of the 
lat ter  and exhibits in many instances unusual re- 
sistance to breakdown by heat. 

Chinawood oil alkyds have been used, but,  in fact, 
these are considered of no value today. 

Textile Printing and Dyeing. The use of oil modi- 
fied alkyds is playing a predominant  par t  in this in- 
dustry. Generally, an emulsification is carried on in 
the presence of an organic solvent. The emulsions 
may be of two types, either water and oil, or oil and 
water. Pigments and dyes are generally added. These 
pigments are dispersed in organic resins; sometimes 
flush colors are used. These materials are used for  
rayons, cotton goods, and other materials in the 
textile trade. 

Textile Coating and Artificial Leather. Consider- 
able quantities of blown soybean oil have been used 
in manufacture  of textile coatings and artificial 
leather, ttowever, currently,  this has been supplanted 
to a large extent by the use of vinyl compounds. 

Wood Treatment. A typical  wood treat ing com- 
pound, sealer-wood preservative, is described ill U. S. 
Army Specification 3-186. This specification involves 
the use of linseed oil, alkyd base, and oil resin base 
with the use of various fungicides, such as penta- 
ehlorphenol, phenol mercury  salts, and others. How- 
ever, for industrial  use, fungicides may not be present 
although it is common practice now to add some 
fungicides to commercial wood treat ing compounds, 
and they differ very little f rom the government speci- 
fication material. Since the purpose for commercial 
use is to prepare a finish for wood such as gun stocks, 
which would be subjected to marr ing on handling, the 
specification is slightly different. There is a U.S.  
Army Specification 3-216 describing such a material. 

Generally speaking for the latter, a chinawood and 
linseed oil penetrat ing combination is made and a 
penetrat ing solvent is customarily used with these 
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oils, as creosote or high flash naphtha.  Since the pene- 
t ra t ion  f l ls  the interstices in the wood, the wood is 
kept  lively, and since no surface coat is applied, any 
mar r ing  incurred can be more easily doctored. 

Paper Coatings. Very little information is avail- 
able on the use of drying and senti drying oils in 
paper  conversion work although paper  for stencilling 
machines has been impregnated  with either linseed 
oil or soyabean oil modified alkyds. Cap liner papers  
have been prepared  f rom varnishes, but  this practice 
has been largely supplanted by vinyl  coatings. 

Insulating varnishes. A resum~ of the varnished 
insulations in electrical engineering by  David O. 
Woodbury  and published by  the National Electric 
Manufac turers  Association of 155 East  44th street, 
New York 17, N. Y., is an excellent reference book on 
the use of insulat ing varnishes. Insula t ing  varnishes 
are of two types, impregnat ing  and coating types. 
Exac t  formulat ions are not available, but,  in general, 
drying oils are used extensively in insulat ing var- 
nishes. The desirable qualities of both types are as 
follows: Resistance to heat  at elevated temperatures ,  
power factor,  di-electric strength,  and flexibility. 
Flexibi l i ty propert ies  for impregnat ing  varnishes are 
not as high as the coating type. The impregnat ing  
type however must  have deep d ry  properties.  

The predominant  oil used in insulating varnishes 
is chinawood oil. Other oils are also used extensively 
in that  type of varnish, the kind depending on the 
propert ies  of the par t icu lar  varnish desired. Hea t  
resistance and things like that  are affected by  the oils 
used. The oits must  be modified to suit the par t icu lar  
requirements.  Ureas, melamines, and phenolics are 
used as modifiers. 

Varnishes are applied to fabrics, cotton, or paper  
based on rag, hemp, rope, or K r a f t  and quite fre- 
quently on asbestos where high tempera ture  duty  is 
desired. Varnished fabr ics  must  meet the following 
requirements  : 

a)  di-eleetr ie  s t r eng th ,  non-conduct iv i ty ,  res i s tance  to elec- 
t r i c a l  b reakdown 

b) mechanical strength, compression, tension, and shear 
e) useful life at operating temperatures 
d) flexibility 
e) di-eleetrie loss 

The varnishes are applied to fabrics, cotton or cam- 
brie, and baked. This process is repeated through 
several successive coats unt i l  a strong impervious 
body has been built. 

In  1899 L. R. Emmet t  filed a patent  wherein an in- 
sulating varnish was made f rom linseed oil and 
na tura l  gums. 

A modification of an insulat ing varnish, impreg- 
nat ing type, described in "P ro tec t ive  and Decorative 
Coat ings"  by  Mattiello, Vol. I I I ,  page 231, follows: 

10 gal lons t u n g  oil 
20 ga l lons  l inseed oil 
10 gal lons  f a lk id ine  
70 pounds  emnar  resin 
30 pounds modified phenolic  

3 pounds manganese  drier ,  6% meta l  
6 pounds lead  dr ie r ,16% me ta l  

45 gal lons  gaso l ine  

I tea t  5 gallons linseed oil and 50 pounds of cumar  
resin to 600~ and hold for  one-half hour. Then add 
tung oil and heat to 560~ drop tempera ture  to 
450~ and hold two hours. Add 20 pounds of cumar  
and 30 pounds of modified phenolic resin and reheat  
to 470~ Hold for two hours, then add 15 gallons of 
bodied linseed oil and 10 gallons of bodied Falkidine ; 
reheat to 500~ and hold one hour at 460~ Cool, 
thin, and add driers. 

Of necessity, it is apparen t  f rom this paper  that  
each subject might  have been t reated at much greater  
length and in more detail. While the oils used in 
these subjects might  be miscellaneous to the drying 
and semi-drying oil industry,  tile miscellaneous use 
itself is a very impor tan t  factor  for the specified in- 
dustr ial  use. 

The author  wishes to acknowledge the invaluable 
help and assistance given by  Mrs. L. Hanna,  I. Gut- 
kin, W. tI.  Mattil, A. J .  Rnssack, and S. L. Singer ;  
and by  R. E. Spokes, of the American Brake Shoe 
Company. 
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