
High Temperature Processing of Fatty Oils and Acids" 
H. k. BARNEBEY, Blaw-Knox Company, Pittsburgh, Pennsylvania 

N ANY of the I)rocesses for conw;rting f a t ty  oils 
into more valuable products  require- the use of 
high temperatures .  They halve much in common 

fronl chemical and engineering points of view, and it 
is intere.~ting to consider them as a group. ( 'e r ta in  
things earl be expected to hal)pen chemically when 
fa t ty  oils are subject  to high tempera ture  t r ea tment  
and there are. common plant  design considerations. 
This discussion is directed to lhe consideration of 
f a t ty  acids about  ('~, and  higher and tile correspond- 
ing glyeerides. By " h i g h  t e m p e r a t u r e "  we mean tile 
range above the t empera ture  which can be reached 
by the use of low pressure (100 pounds per  square 
inch or less) steam. Some commercial applicat ions of 
high tempera ture  (hereaf ler  referred to as l iT )  will 
be emmmrated,  and lheir  similarities and differences 
will be considered. 

F a t t y  oils of the dry ing  type, such as linseed an(1 
tmlg, are t reated to produce bodied oils, modified 
resins, and varnishes. Bodying of oil involves heat- 
ing to an elevaie(l temi)erature and hohling at this 
level for  the period of time required to increase the 
viseo~ily by I)olymerization to the desired point. This 
is usually done batehwise in agitated kettles, 1,000 to 
2,000 gallons in size, heated by direct fire, electrical 
heat, or I)owtherm vapor,  and cooled by  water  coils 
or reeireulaled 1)owtherln. A typical  uni t  for  the pro- 
duction of bodied linseed oil is shown in F igure  1. 

being handled and the degree of be(tying desired. 
I )ur ing the operation there are distilled off some 
water, the more volatile organic constituents, and 
some decomposition products.  These are condensed 
and not re turned to the kettle. The more of this ma- 
terial that  can be eliminated, the bet ter  the quali ty 
of the oil will be with regard  to color, odor, and acid 
number.  Sparg ing  inert  gas through the oil dur ing  
processing assists in ca r ry ing  off the undesirable vola- 
tile material .  Some companies car ry  out the bodying 
operation under  vacuum to  remove these fract ions 
more completely. 
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Fie,. 1. Operating floor view of oil bodying kettle. 

The oil bodying unit is at the lef t ;  the kettle at the 
right is for  producing blown oil. The oil is heated as 
rapidly as possible; this is usually to save time, but  
for sonic products  it is an essential pa r t  of correct 
processing. The oil is then held at a specific tempera-  
ture, such as 575~ unt i l  the desired viscosity is 
reached (as determined by  tests made dur ing  opera- 
t ion),  and then tile batch is cooled quickly so that  
no fu r the r  polymerization occurs. The curve in Fig- 
ure 2 shows the heat-up time and cooling time wlfieh 
are typical  for a 1,000-gallon Dowtherm heated and 
cooled oil bodying kettle. The holding time and top 
tempera ture  can be set to suit the par t icu lar  oil 

* Presented at the American Oil ()hemist.~' Society Meeting, New 
York, Novcmhev 15, 16, 17, 1948. 
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When mixtures  of gIyeerides, fa t ty  acids, and alco- 
hols arc heated together  at elevated temperatures ,  a 
group of reactions, known as interesterification, ester 
interchange, and  alcoholysis, occurs. As an exanlt)le, 
in the product ion of modified dry ing  oils or a lkyd 
resins various mix tures  of dry ing  oils, f a t t y  acids, 
and glyeerine are heated togc.ther at a t empera ture  
of about  400~ for a period of time to effect the 
desirable chemical rearrangements .  

S Y N T I I E T I C  resins of the oil modified a lkyd type 
are made f rom:  dibasie~acids such as phthal ie  or 

maleie anhydr ide ;  polyhydr ic  alcohols such as glyc- 
erine, glycol, and pen tae ry thr i to l ;  and dry ing  oils 
such as linseed, tnng, soybean, and dehydra ted  easter. 
The glyeerine and oil are heated together to form 
monoglyeerides, and then the phthalic anhydr ide  is 
added. The cooking is carr ied on at about  500~ to 
complete the esterifieation reaction (as indicated by  
removal of all the water  of reaction) and give the 
desired viscosity. The water  may  be removed by  heat 
ahme or with the help of inert  gas sparge(t through 
the batch. Another  method now finding favor  is azeo- 
tropic dehydrat ion or solvent cooking. In  this system 
the reaction is carr ied out with an entraining agent  
in the batch such as xylol which boils, ca r ry ing  with 
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it some of the water  of reaction. The lnixtnre is con- 
(lensed, the solvent is separated f rom the water  and 
is re turned continuously to the kettle. Af te r  cooking 
is completed, the xylol remaining in the kettle is dis- 
tilled over into a receiver. F igure  3 shows a typical  

FIG. 3. Typical l)owtherm heated alkyd resin kettle with 
auxilliaries. 

manufac tu r ing  unit  for  a lkyd resins, including the 
agitated reaction vessel, I )owtherm heating and cool- 
ing systems, charging tank, run-down tank, solvent 
cooking system, and fume scrubber.  With this set-up 
resins can be nmde either by  fusion cooking or the 
solvent method. 

Varnishes are mixtures  of resins, either na tura l  
or synthetic, and dry ing  oils cooked together. Their  
prepara t ion  former ly  was conducted in snlall port-  
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able kettles over open fires but  is now carried out in 
the same type closed kettles used for  oil bodying and 
alkyd resin manufacture .  

The possibility of bodying dry ing  oils continuously 
has been discussed for some time, and a number  of 
companies have carr ied out investigations along this 
line. No commercially successful technique is in oper- 
ation yet al though it seems quite possible that  a suit- 
able proeess could be developed, par t icular ly  if it 
were desired to manufac ture  large quantities of one 
grade of oil. 

The spli t t ing or hydrolysis of fats to fa t ty  acids 
and glycerine is an i lnportant  commercial process. 
The acids are marketed  as such or are employed as 
intermediates for other producls,  such as soaps and 
f a t ty  esters. F a t t y  acids are purified by distillation 
so higher grade products  can be made f rom low grade 
fats  by spli t t ing and then distilling. Fa t t y  acids are 
simpler chemical building blocks than the mixed glye- 
crides which occur in nature ;  f rom the fats ore.' can 
isolate tile individual acids and then buihl up many  
chemical products. The Twitchell process, which was 
popular  for many  years, is now being rcl)laced by  
continuous pressure splitting, which requires no cata- 
lyst and produces a high degree of split at lower 
operat ing cost. 

In  tile Colgate-Finery process, shown in Figure  4, 
the fa t  and water  are contacted countercurrent ly  at 
I IT  and pressure in a stainless steel cohnnn. The 
tower is filled with fat ,  which is the continuous phase, 
the feed being admit ted  at the bottom. Water  is fed 
in at the top in small droplets and, being heavier than 
fat, gradual ly  falls to the bot tom of the cohmm. As 
the fa t  progresses upward,  it is hydrolyzed and gives 
up its glycerine to the descending water. Fa t ty  acid 
is discharged f rom the top, having first given up its 
heat  in a heat t r ans fe r  section to the incoming water.  
The sweet water  is discharged f rom the bottom af ter  
first exchanging heat  with the incoming fat. A typi-  
cal layout of a fa t  spli t t ing p lant  might  be as shown 
on Figure  5. A recently constructed high capaci ty 
fa t  spli t t ing plant  is shown in Figures  6 and 7. One 
is an outside view with the spl i t t ing column at the 
left  and the bui lding containing the rest of the equip- 
ment  at the right.  The other is an inside view show- 
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FIG. 5. Picture of typical fat splitting layout. 

ing the t rans fe r  pumps  and the high pressure feed 
pumps. 

I I igh  pressure batch type fa t  spl i t t ing is suitable 
for relatively small scale operations. In  this method 
approximate ly  equal quanti t ies of water  and fa t  are 
heated with excellent agi tat ion in a high pressure 
autoclave to a t empera tu re  of about  470~ and a 
pressure of 500 pounds per  square inch, under  which 
conditions spl i t t ing occurs rap id ly  wi thout  catalyst.  
To obtain a high degree of split it is necessary to 
drain off the first sweet water  and pe r fo rm a second 
hydrolysis with another  charge of water.  

one for  Dowtherm heating. When using this system, 
both steam and Dowtherm are used unt i l  s team tem- 
pera ture  is reached, and then the remainder  of the 
heating is done by  Dowthcrm only. Certain oils have 
been successfully t reated on a continuous basis which 
permits  large product ion in relat ively small equip- 
merit with good heat economy. Oils va ry  considerably 
in their  response to deodorization t r ea tmen t ;  for  ex- 
ample, cottonseed oil is relatively easy but  corn oil 
is difficult. The t rea tment  of the oil before deodori- 
zation has an impor tan t  effect. F o r  certain oils a 
thorough filtration just  pr ior  to deodorization makes 
the t rea tment  much more effective. 

F a t t y  acids, a f te r  prepara t ion  by  split t ing, arc usu- 
ally purified by distillation. In  simple distillation the 
mixed f a t t y  acids are removed f rom the high boiling 
fract ion containing most of the color and unsaponifi- 
able material .  In  fract ional  d i s t i l l a t i o n  the mixed 
acids are separa ted  according to molecular  weight. 
F a t t y  acid distillation is usnally carr ied out continu- 
ously, but  batch-wise operat ion is also feasible. 

A suitable uni t  for  continuous simple distillation is 
shown in F igure  9. The f a t ty  acid is dehydra ted  and 

M OST edible oils and fats, and m a n y  industr ial  
oils, are deodorized before being marketed.  De- 

odorizing is a distillation process; the oil is heated 
to about  400~ or higher, under  an absolute pres- 
sure of about  5 ram. ] lg  and steam is spargcd  through 
the batch. When adequate odor removal  has been 
achieved, the oil is cooled and discharged. Although 
the degree of removal of free f a t t y  acids has been 
widely used as a measure of the extent of deodoriza- 
tion, i t  does not give a t rue  picture and is not  a sub- 
stitute for  actual  odor and stabil i ty tests. A typical  
unit  for  the batch deodorization of oils is shown in 
Figure  8. I I ea t ing  is either by  Dowtherm vapor  or 
by  high pressure steam, and cooling is by  liquid Dow- 
therm or water,  either in the kettle or in an external  
cooler. A good a r rangement  is to have two sets of 
coils, one for  steam heating and water  cooling, and 

~:G. 6. Outside view of recently completed fat splitting 
plant. 

~'m. 7. Inside view of fat splitting plant showing pumps. 

deaerated under  vacuum, is pumped  through a Dow- 
thcrm heated preheatcr ,  and  then enters  the top plate 
of a stainless steel s t r ipp ing  column. As the mater ia l  
drops down f rom plate to plate, it is heated by  Dow- 
therm coils and its vaporizat ion is aided by  a s t ream 
of sparging s team which enters  at the bot tom of the 
column and passes upward.  The f a t t y  acid vapors  
are condensed while the water  vapor  and non-con- 
densibles are carr ied through a vacuum system con- 
sisting of a booster, a barometr ic  condenser, and a 
multi-stage vacuum jet. The f a t ty  acid, as condensed, 
is sent to storage or to the next  processing step. The 
residue leaving the bot tom or the column is usually 
concentrated in a small batch- type still in order  to 
recover some additional f a t t y  acid and to produce a 
commercial ly saleable pitch. The entire distillation 
system operates under  a high vacuum. When  it is 
desired to deodorize the f a t t y  acids at  the same time, 
they are first passed through a small forecolumn 
where, at  a lower tempera ture ,  and  by  the use of 
a small amount  of steam, the light, odor-containing 
fract ions are s t r ipped  off and separate ly  condensed. 

The separat ion of mixed f a t t y  acids into f ract ions 
according to molecular  weight can be done by  the 



496 THE JOURNAh OF THE AMERICAN OIL CIIEMIST.S' SOCIETY, SEPTEMBER, ]949 

usual fractional (listiilation technique in bubble t ray  
columns under higb vacuum although tile equipment 
must be constructed somewhat differently than that 
which is used for petroleum producls. The hold-up 
in the eohmm should be kept quite low so that tile 
retention time is short and so that there will be little 
thermal deeolnposition which adversely 'affects the 
color and odor. A sl)ecial case of fractional distilla- 
tion is the purification of tall oil, which is obtaine(l 
as a by-product  in the mamffacture of paper from 
pine wood by the Krafl  or sulphate method. Tall oil 
is essentially a mixtm'e of fa t ty  acids (mainly olei~., 
linoleie, and linolenie) and rosin acids (nlainly abi- 
eric). Tall oil, after a sulphurie acid treatment, is 
fractionally distilled under high vaeuun b employing 
sparge steam to assist in the separation. The fat ty 
acids are con(lensed from the vapors leaving the top 
of the column, and lhe rosin acids are recovered at 
the bottom. 

I N general, all distillation processes for fa t ty  mate- 
rials are carried out at high vacuuln or wilh a 

sparge of steam or inert gas, or both. Va(.umn and 
steam sparge are to a certain extent interchangeable. 
i f  a certain distillation process can be carried out 
satisfactorily at 5 toni. absolule pressure without a 
sparge, the same effect might be produced at 10 or 
15 ram. with a streanl of sparging steam, inert  gas 
sparging is ordinarily used only at about atmospheric 
pressm'e, but it gives the same effect as some degree 
of vacuum. 

Fa t ty  acids react wi|h alcohols, both mono- and 
I)olyhydrie, to form useful esters. The)" are used in 
perfumes, flavoring nlatcrials, p l a s t i e i z e r s ,  resins. 
emulsifiers, and wetting agents. By sl)litting fats. 

isolating the i n d i v i d u a l  fa t ty  acids, and then re- 
esterifying with glyecrinc, tailor-made fats are ob- 
tained. Many of these are better than natural fats 
for specific purposes. Esterifieation of fat ty acids 
with various alcohols, glycols, and glycerine is or- 
dinarily handled in batch fashion in a j a c k e t e d  
agitated kettle heated by Dowthernl or some other 
indirect means. Tile condensing system is designed 
to return aleobo} to the keltle but remove the water 
of reaction. The finished product is cooled in tile 
ketlle or can be discharged hot through a separate 
eoohn'. [;sually the reaction is carried out with an 
excess of alcohol, which is removed by vactmm dis t i l  
lation after the reaction has been /.ompleted. 

Although the common hydrogenation operation of 
" h a r d e n i n g "  fa t ty  oils is carried out at relatively 
low tempcratm'e, s(/me hydrogenation jobs require 
more drastic treatment and high temperatures are 
used. If it is desired completely 1o saturate a fat or 
fa t ty  acid mixture, a l iT  can be emph)yed for rapid 
reaction. A suitable at)paratus for the batch-wise 
hydrogenation of unsaturated fa t ty  acids wouhl con- 
sist of a l)owtherm heated stainless steel autoclave, 
designed for 200 or 300 pounds per square inch oper- 
ating pressure. 

Fa t ty  alcohols are 1)repared by the hydrogenolysis 
of fat ty materials at high pressure an(1 temperature. 
Fatt.v acids, glyeerides, or esters are treated with 
hydrogen in a bat(,h or a contimmus autoclave at 
about 3,000 to 4,000 pounds per square inch pressure 
and about 60()~ temperature in the presence of 
suitable catalyst. Fa t ty  acids are converted to alco- 
hol and water;  glyecrides to alcohol and glycerine; 
and esters to a mixture of both alcohols. 

It is of interest to mention a few st)eeial types of 

Fro. 8. Flow sheet of batch deodorizing system. 
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processing without describing them in detail. Oiticica 
oil, in the crude fornl, is a solid mater ia l ;  a usable 
dry ing  oil is l)roduced by heating it for a period of 
t ime at an elevaled teml)erature which causes a chemi- 
cal change, l iquefying the material .  ('.astor oil is de- 
hydra ted  by heating it at an elevated tempera ture  
with catalyst  to produce a dry ing  oil having very  
desirable prol)erties, t t T  greases are p repared  by 
forming soaps of certain metals su(:h as lithinnl and 
then incorporat ing at l I T  suitable lubricat ing oils. 
Many of lhesc special o'rcases are produced in I)ow- 
therm heated or direct fired equipment  as contrasted 
to sleam heated vessels used for  the usual type of 
grease. 

Methods of healing which may be use(t for  I I T  
fat  processing inelu(tc direct fire, electric heat, high 
pressnre steam, l )owtherm circulated as a liquid or 
vapor  an(t various heat t ransfer  liquids, such as hot 
oil, high pressure waler,  fused salt, and sodium-potas- 
sium alloys. The p r i m a ry  sources of heat are or(tina- 
r i ly gas, oil, or electricity. The selection of a heating 
system should be based on a careful  analysis of all 
factors  for  the par t icular  I>rocess and locality under  
consideration. One shouht consider cost of fuel, first 
cost of heating system, maintenance exl)ense, ease of 
control, ease of s tar t ing  and stopping, and ttexibility 
for  varying 1)rocess conditions. The most popular  
heating systems are direct fire, l)owtherm, and high 
I)ressure steam. Each has its advantages  and disad- 
vantages, and all three shouht be considered when 
I)lanning a n e w  operation. 

D IRECT fire f requent ly  has the. advantage of sin> 
plieity and h)w first cost. Possible disadvantages 

include fire hazard, non-uniformity  of heating, an(t 

~ T [ A M  �9 t 

poor t empera ture  control. The use of vigorous agi- 
tati(m in (lireet fired ketlles improves the operation 
in many  respects, and this par t  of the design should 
receive careful  attention. Operat ions requir ing the 
use of volatile solvents or other hazardous materials,  
for example, the cooking of alkyd resins by  the azeo- 
tropic (lehydration melhod, are not well suited to 
heating by direct tlre. It is not good engineering to 
have a direct fired unil in the same room where vola- 
lile exl)losive mate.rials are being handled. Electric 
heat (with slr ip tyl)e or radiant  heaters) often per- 
mils a nea! soil'-contained inslallat ion with good tem- 
pera ture  control and fa i r ly  good un i formi ty  of heat 
al)plication. The energy cosl is high, and there is 
some fire hazard. 

High pressure sleam has the general advantages  
of all indirect m e d i u  m - good t empera tu re  control, 
heat ing uniforniity,  and absence of fire hazard. The 
high l)ressure needed for  the ten, pcra ture  range be- 
ing considered puts a serious linlitation on its use. 
Where water  enters into the reaction, as in fa t  split- 
ling, it is an ideal heating method. I)owtherm has 
the same a(tvantages as steam with the a(hled feature  
that  l iT  can be reached with very  moderate  pressure. 
I ls  use has solved many  heat ing problems. Any  indi- 
reel heating system has a built-in safety fac tor ;  the 
t empera lnre  cannot go above that  in the heating coil 
or ja(.ket. Even if agi tat ion or liquid flow shouht 
stop, there, is litlle i)ossibility of a dangerous condi- 
tion occurring. With  indirect  systems it is f requent ly  
possible to heat small batches in large kettles as the 
appl icat ion <)f heal r ight  at  the liquid line will not 
cause decomposition since the t empera ture  <lifferenee 
is small. If  the materials  being processed are par- 
t icular ly  heat sensitive, the jacket can be <tivided 
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into two compar tments  to permit  heat ing at differ- 
eat  levels. 

A type of high tempera ture  heating that  is desig- 
nated by  the t e rm " E l e c t r o - V a p o r "  is shown in Fig- 
ure 10. In this system the jacket of the heat user is 
made somewhat la rger  than usual and contains a bath  
of ] )owtherm which is boiled by electric immersion 
heaters. Electrical energy input  to the heaters is con- 
trolled by the t empera ture  of the batch and the pres- 
sure in the jacket. The unit  is a combination of a 
heat user and a vaporizer  buil t  into one. A photo- 
graph of a completed kettle of this type is shown in 
Figure  I I. The Elect ro-Vapor  system combines the 
advantages  of electric and Dowtherm heat. I t  is a 
simple self-controlled uni t  with no external  piping or 
boilers and gives the heating un i formi ty  character-  
istie of Dowtherm. The unit  is explosion-proof and 
cau be mounted in a small space anywhere that  can 
be reached by  electric wiring. The ease of control 
is excellent, and it is readily adaptable  to full auto- 
matic operation. 

The proper  control of I I T  is of pr ime importance 
to successful processing, and the problems are grea ter  
than in low tempera tu re  systems. I t  is common prac- 
tice to use controllers actuated by  t h e r m o c o u p l e s  
ra ther  than the usual type of liquid or gas filled ther- 
mometer  systems. Valves used to control the flow of 
I I T  heating fluids require considerable maintenance 
in order  to keep them in top operat ing condition; they 
tend to stick and leak at  the stuffing boxes. Many H T  
processes are controlled manual ly  for  the reason that  
suitable automat ic  controls are quite expensive. Tem- 
pera ture  controls and safety devices for l imit ing pres- 
sure must  be of the most reliable types because the 

FIG. 11. Photograph of electro-vapor heated kettle. 

consequences of fai lure are extremely serious. Special 
preeautions must  be taken to prevent  operation of 
high tempera ture  equipment  in the wrong sequence. 
Safety deviees are of eonsiderable assistance, but  in 
general the workman must  be proper ly  instructed. 
For  example, if a wrong valve were opened admit t ing 
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Fie. 10. Drawing of electro-vapor heated kettle. 
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a quant i ty  of water  to a batch of oil at  600~ the 
effect could be disastrous. 

The product  of a H T  reaction must  be cooled before 
storage or packaging or fu r the r  processing unless the 
subsequent t rea tment  also requires I IT.  In  a continu- 
ous process this is done by  heat  exchange possibly 
followed by  water  cooling. A batch process requires 
high capacity cooling which operates only at inter- 
vals;  it must  take a H T  mater ia l  down to a low 
tempera ture  ra ther  quickly to save time and to check 
the reaction. This may  be done with an internal  coil 
or an external jacket, using recirculated Dowtherm 
or sometimes water  for  the cooling medium. Even 
though it is not necessary for  process reasons to cool 
the hot mater ial  discharged f rom a kettle, it may  be 
necessary to cool the kettle or ventilate it in order  to 
open the manway  and charge the next batch without  
fumes filling the room. 

T O elevate mater ia ls  to l I T  requires a large amount  
of heat. Also most products  must  be cooled be- 

fore exposure to a i r  or before packaging. By the use 
of heat exchange a large proport ion of the thermal  
energy is saved, and at the same time all or most of 
the cooling can be accomplished. The control of heat- 
ing and cooling is faci l i tated since control is appl ied 
to only a pa r t  of the load. Many I I T  processes would 
be uneconomical without  efficient heat exchange, and 
others can be made more profitable by  the use of it. 
I l ea t  exchange is especially applicable to continuous 
processing; there are few cases where heat exchange 
between raw mater ia l  and pro~tuct can be used to 
advantage in batch operation. The most common 
var ie ty  of exchanger,  and the most efficient for  many  
purposes, is the shell-and-tube type. The tube side is 
usually made nmlti-pass to give high liquid velocity;  
the shell side is provided with baffles for  the same 
purpose. Differential  thermal  expansion can be pro- 
vided for  by  a floating tube sheet or bell- type expan- 
sion joint  in the shell. I f  either thc shell or tube side 
is subject  to fouling, coking, or corrosion, access open- 
ings or complete disassembly should be provided for  
inspection, cleaning, or tube replacement.  

When the materials  being exchanged are immisci- 
ble, the contact can be direct instead of through tube 
walls. This has been employed to advantage  in the 
Colgate-Emery fa t  spli t t ing process. Hea t  t r ans fe r  
by direct contact is quick and efficient and can readily 
be built  into the reaction vessel if  desired. 

Thick and efficient thermal  insulation is a charac- 
teristic feature  of all H T  processing units. This is 
necessary for  the conservation of heat, keeping the 
bui lding at a suitable temperature ,  and  protect ion 
of personnel. Thicker  insulation is used on continu- 
ous units tban on batch appara tus  that  is a l ternate ly  
heated and cooled. 

Some of the reactions of f a t t y  oils, such as poly- 
merization, h y d r o g e n a t i o n ,  and oxidation are exo- 
thermic, and the heat  generated must  be continuously 
removed to control the temperature .  Others, as in the 
case of fa t  split t ing, are either endothermic or involve 
little heat of reaction. In  such cases heat  mus t  be 
added to keep the t empera tu re  at  the r ight  level. 

F a t t y  oils and acids are relat ively inert  at low tem- 
peratures.  Elevated  tempera tures  are required for 
rapid  reaction with water,  oxygen, hydrogen,  and 
alcohols and for  polymerization. Also the vapor  pres- 
sures are low at ord inary  tempera tures  so that  the 

processes involving evaporat ion or distillation require 
t IT ,  vacuum, and sparging  steam. The reactions of a 
f a t t y  mater ia l  at high t empera tu re  may  be beneficial 
and tend toward the desired product  or may be detri- 
mental  and produce undesired by-products.  Excep t  
for  a few specific cases where oxidation is desired, 
as in the product ion  of cer tain d ry ing  oil products,  
oxygen and its detr inlental  effects are careful ly  ex- 
cluded. In  general, oxygen causes undesirable reac- 
tions result ing in increased color, bad odor, off-taste, 
or instabili ty.  Before subject ing oils to l IT ,  they are 
often deaerated by  warming  and then subject ing to a 
vacuum. High grade  products  are stored under  a 
blanket  of iner t  gas. The leakage of air  a t  agi ta tor  
and  p u m p  stuffing boxes and valve glands should be 
minimized. 

Many high t empera tu re  f a t t y  oil processes produce 
as a by-produc t  obnoxious fumes which can seriously 
affect the health and a t t i tude  of the workmen and 
cause colnplaints f rom residents in the communi ty  
and municipal  authorities.  Adequate fume control 
equipment  should be employed using condensation or 
scrubbing for  vapors  and  electrostatic precipi tators ,  
incineration, or impact  scrubbing for  smokes. 

In  all l i T  processing the t ime- temperature  rela- 
tionship is very impor tant .  A batch of a certain fa t  
can be hydrolyzed to the desired degree in two hours 
at 500~ ; at 475~ a much longer time is required 
and at  525~ it carl be done more quickly. In  gen- 
eral, for  the l i T  processing of f a t t y  oils there is not 
a single exact t empera tu re  for  the reaction, but  an 
op t imum must  be selected, based on considerations 
of quality, equipment  cost, and heat economy. ]~re- 
quent ly there are two factors  to be considered, one 
of which is favored by  t empera tu re  and the other 
adversely affected. In  the hydrolysis  of a d ry ing  oil, 
such as linseed, H T  increases the rate of spl i t t ing 
bu t  also increases the rate  of polymerizat ion which 
is undesirable.  Op t imum conditions mus t  be selected 
to give a suitable hydrolysis  rate  without  undue 

:Fla. 12. Pilot kettle for high temperature reactions. 
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FIe,. 13. Pilot plant for  continuous high temperature  high 
l)ressure proeessing. 

polymerization. [n the. deodorization of oils a l iT  
increases the rate at which the umlesiratfie materials 
are removed but also increase the rate at which odor- 
ous materials are forme(1 due to thermal decomposi- 
time In eontimmus deodorization the decomposition 
is minimized by redueing the. retention time. 

Equipment  using fa t ty  oils as raw materials must 
be made flexible so that it can handle quite a variet.v 
of materials. Frequent ly  the particular oil used de- 
pends upon the market (:ondition; most of the fa t ty  
oils are intercllangeable to a eertain extent. For  ex- 
ample, salad oil might be corn oil, soybean oil, or 
cotton seed oil, del)ending upon tim I)riee. Stearic 
acid might be manufactured from animal oils or hy- 
drogenated vegetable oils, depending upon price. 

O NE of the most difficult and important  decisions 
in planning a ne.w proe( ''ss is whether it shouhl 

be batch or continuous. In general, a eontimmus sys- 
tem is for large seale produetiou for one part icular  
product ;  and a batch system is suited for smaller 
i)roduction cal)aeities and has greater flexibility. 

The f o l l o w i n g  points should be kept in mind 
when deciding whe, ther to employ batch or continu- 
ous equipment for a part icular  processing operation: 

For Batch 
1. Equipment  costs less for  small scale operation. 
2. Frequent ly  easier to control end point. 
3. Equipment  can usually be used for  other purposes if 

desired. 
4. Easier  to s ta r t  "uld stop. 
5. (-'an often be operated to advantage on one or two 

shifts ,  instead of three. 
6. Can make one or two t)atehes and then shut  down. 
7. Labora to ry  to plant  development takes less time and 

is less expensive. 
8. Formula t ion  or processing procedure can 1)e changed 

quickly. 
9. Shut  down for  repairs  or maintenance is easier and 

less expensive. 

10. Sometinms less blending is required for standardization.  
11. Minor process modifica(ions to correct for differences in 

raw mater ials  are easier. 
12. individn'fl  batches can be kept separate if desired. 
13. Equipment  is frequently less complicated and less liable 

to get out of order. 
1.4. Does not r(!qnire reworking of luaterial produced when 

s tar t ing  or s topping production campaign as in ease of 
continuous operation. 

For Contimwus 
1. t leat  e(.OllOlny is good because of efficient heat ex- 

change. 
2. For  large production lhe equipment cost is low per 

unit of output.  
3. Requires less space. 
4. Requires less labor. 
5. Because of eountereurrent  ol)eration a greater  reac- 

tion efficiency or greater  produel concentration is 
possihle. 

6. Can be operated readily out of contact with air or 
nloistllre. 

7. Since no fas t  heat up is required, the peak loads for 
heat ing are less ;lad the heat generqtion e(luiplnent is 
smaller. This is especially hnpor lan t  in the ease of 
eleetrieal heating. 

8. Less s torage is frequently required. 
9. Less inventory of material  in process. 

10. Retention time Call be snmlhu', which seine(hues till- 
proves quality. 

11. Some processes are possible only on continuous basis. 
12. Waste disposal sometimes easier with eonlinuous small 

flow. 
13. Less l iabili ty for  error due to bunlan element. 
14. I'rodn(.t is frequently more uniform lhan is possible by 

lmt eh methods. 
15. Often the product is of higher  grade than is possible 

by bateh operation. 

llateh type equipment ean s be designed 
so that it can be use, d for more than one process. For  
example, it is reasonable to build a high temperature 
autoclave syslem in such a way that it can be used 
for fat splitting, fa t ty  acid distillation, hydrogena- 
tion, and esterifi(.ation. I f  yott wish to t)(tihl a plant 
im'olving several high teml)erature processing steps 

]?v& 14. Dew(herin heat ing and eooling system t'or pilot use. 
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but wish to start off on a small scale and increase it 
later, it can sometimes be done as follows: Build a 
single tle.xible piece of equipnwnt to handle all of the 
operations, one al a time. Then as additional pro- 
duetion is required put in separate units for the indi- 
vidual steps, still employing the original item for one 
of these. In this way no equipment is discarded, and. 
a logical step-wise 1)rogram can bc emph)yed. 

Some processes arc el)orated to a d v a n t a g e  on a 
semi-continuous basis which means that eric of the 
reacting materials passes through continuously while 
the other is retained in the e(tuipnlcnt for a specified 
length of lime. 

It  is frequently difficult to decide whether to use a 
single large unit  o1' a number of small oncs to turrl 
out a certain production. Liste(l below are some of 
the points that  should bc eonsidered. 

Sc~'eral Small U~its 
1. Can st 'n ' f  out on small  seale and  then  increase pro- 

duet ion la te r  by add i ng  addi t iona l  uni t s .  
2. Less  pilot work required.  
3. Can t u rn  out  smal l  orders  economical ly.  
4. Oppor tun i t y  of  s t a g g e r i n g  to minimize  peak loads for 

s team,  water ,  electricity,  wa te r  disposal ,  etc. 
5. Less  dange r  in ease of fire or explosion.  
6. Can still  opera te  even if one uni t  is out  of commiss ion.  
7. F requen t ly  bet ter  control.  
8. Quicker hea t  up and  cooling. 

O~e Large l;~dl 
1. Total  equ ipment  for  a cer ta in  product ion  costs  less and  

requires  less space.  
2. Less  ope ra t i ng  labor. 
3. ]~css t e s t i ng  and s l anda rd i z i ng  per  uni t  of  product ion .  
4. Less  meta l l ie  con tamina t ion .  

T I I E  selcction of materials for I IT fat  1) rol)er o r  
fat ty acid processing is of primc i m p o r t a n c e .  

For  fa t ty  acids at l iT,  stainless steel, especially Type 
316, and hlconcl, arc suitable; for low temperatures, 
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ahnnilmm is satisfactory. For  neutral  glycerides, car- 
ben stecl can frequently be used. Cot)per is now con- 
sidered a poor material of construction because of its 
eff(! 'c,t  011 the product ;  edible products, for example, 
are very sensitive to copper, whh;h affects the taste, 
odor, color, and stabiliD-. 

The nlateriat of eorlstruetion nmst be suitable from 
the standpoint of corrosion resistarlec as well as tile 
effect on the material being processed. For  cases 
where one has not had previous exI)cricnce, it is best 
to rely upon the results of corrosion or eoutamina- 
lion tests made under  operating conditions. Many 
cquipmcnt nlamtfaclurers are glad to furnish sam- 
ples from commercial batches of available material 
containing wchls to simulate the material that  will 
be found in an actual fabricated vessel. If  possible, 
select a material of construction which is available 
commercially and which is accel)ted by r e g u l a t o r y  
codes as a suilable and reliable material. Practically 
all conditions which you will encounter can be satis- 
fied by one or more of the followiug materials:  

a. Carl)on Steel. 
b. A l u m i n u m .  
e. 18-8 S ta in less  (Type  304 for non-welded vessels  and  

Type  347 for  welded i tems) .*  
d. Type  316 Sta inless .*  
e. Ineoncl .*  

The use of techniques already developed for vari- 
ous kinds of l IT  fa t ty  oil processing will in some 
cases make it possible to work out new l)rocesses in 
this field without employing pilot plant  tests. One 
must be cautious, however, about depart ing too far  
from present practices, and pilot work certainly has 
its place in handling reactions wllieh are vastly dif- 
ferent from anytlling that has been done before. 
Since many of tile l tT  processes are similar, pilot 

- - *  F ~ r c e r t a i n  purposes  these mater ia l s  can be used as in tegra l  clad- 
d ing  on a carbon steel backing.  
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FIG. 15. Cont inuous  oil body ing  sys tem.  
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units can f requent ly  be made quite versatile and be 
employed for a var ie ty  of studies. The batch type 
uni t  shown in Figure  12 was designed especially for  
oil bodying, alkyd resin making, and varnish cooking, 
bu t  it can be used successfully for  almost any type 
of high temperature  work within the pressure limits 
of the unit, such as esterification, hydrogenation,  de- 
odorization, and fa t ty  acid distillation. F igure  13 
shows a high tempera ture  and high pressure con- 
t inuous reaction unit  consisting of charging tanks, 
feed pump, heat exchanger, mult i-compartment agi- 
tated autoclave, blow-down tank, and instruments. 
This par t icular  unit  is for  temperatures  to 650~ 
and pressures to 4,000 pounds per square inch. 

Figure  14 shows a s tandard self-contained Dow- 
therm heating and cooling system buil t  especially for  
pilot work. This is portable, and it is only necessary 
to connect the heated equipment to the four  valves. 

I t  is f requent ly  desirable to have a convenient pilot 
plant  unit  available even af te r  the commercial plant 
is placed in successful operation since its use will 
permit  improvements to be made or can guide the 
way to changes which are necessitated by  using a dif- 
ferent  raw material  or different product  specification. 

When oils are heated to high temperature  at rapid 
rates, the oil film next  to the heating surface is at a 
tempera tnre  considerably higher than the main body 
of the oil. This film tends to carbonize and build up 
in thickness until  it reaches a point where it seriously 
interferes with heat t rans fe r ;  then the surface must 
be cleaned. For  example, fa t ty  acids in a distillation 
process may be heated in a tubular  exchanger with 
direct fire or Dowtherm. At the heat t ransfer  rates 
ordinar i ly  employed the film next  to the tube wall 
is enough hotter  than the main body of the fa t ty  
acids to cause gradual  carbonization or coking. I f  
the flow is in te r rup ted  for  even a few seconds, the 
condition is aggravated. Coking should be minimized 
by  proper  equipment design and operation, and the 
heaters must  be constructed so that  any coke which 
accumulates can be readily removed. 

Many of the products  under  consideration are 
either solid or quite viscous at room temperature.  A 
common feature,  therefore, of fa t  processing equip- 
ment is that  many of the product  lines and receivers 
are jacketed with steam or hot water so that  the ma- 
terial  is maintained fluid. Condensers are f requent ly  
cooled by  liquid I)owtherm or hot water so that  solidi- 
fication will not occur in the tubes. 

H T  processing of f a t ty  materials c o n s t i t u t e s  a 
p o s s i b l e  hazard to personnel and property.  F a t t y  
oils are inflammable, and the apparatus  and storage 
tanks contain quantities sufficient to cause serions 
fires. F a t t y  materials at the higher temperatures  will 
burn  immediately upon contact with air. A leak in 
the equipment, or a burs t  pipe can produce a fire 
without the assistance of a separate igniting source. 
I f  air is suddenly admit ted to a vessel by opening a 
manway, or by  collapse due to vacuum, a fire can 
occur. I f  water is suddenly introduced into a quan- 
t i ty  of hot oil, the evolution of steam can be so 
violent as to constitute an explosion. 

Rupture  discs or safety valves should be mounted 
direct ly on the equipment being protected and tt, e 
discharge should be piped to some point where a 
sudden flow of hot material  could not cause danger 
to personnel or could not be ignited by  a flame. Pipes 
to and f rom safety devices should be heated, or pert- 

odically inspected, or handled in some way that  they 
cannot become clogged with solid material, thereby 
rendering the safety device inoperative. 

Process equipment used for high temperature  and 
high pressure service must be of quality higher than 
that used for ordinary operating conditions. The 
service is much more severe and the consequences of 
failure more serious. I t  is poor economy to use any- 
thing bu t  ve ry  best equipment for  these conditions. 

As pointed out, the various l i t  processes for  treat- 
ing fa t ty  oils have certain things in common and a 
s tudy of the various individual members of the family 
should serve as a valuable guide in solving new prob- 
lems in this field. A typical  problem will show what 
can be done with some of the general rules. 

A S previously stated, the continuous bodying or 
polymerization of drying oils is not yet  consid- 

ered to be successful on a commercial basis. Now, 
based on what one has learned in s t u d y i n g  other 
processes, what might such a system look like? I t  
requires heating to a certain temperature,  say 600~ 
holding the oil at this temperature  for a period of 
time, depending upon the par t icular  oil being proc- 
essed, and the degree of body desired, say one bour, 
and then cooling rapidly to stop the reaction. The 
heating and holding should be done under  such con- 
ditions that  dissolved and entrained air and water 
are removed and low boiling fa t ty  acids and decom- 
position products  are released. This is best done 
under  vacuum. For  the continuous process to be 
successful there should be little or no back-nlixing of 
the material ;  in other words, each particle of oil 
should be retained for approximately the nominal 
holding time. IIeat  exchange and automatic instru- 
ment control should be employed to effect heat econ- 
omy and minimize the operating cost. A flow sheet 
of a possible uni t  for  this purpose is shown in Figure  
15. I t  consists mainly of a series of three small agi- 
tated kettles heated by Dowtherm. The incoming oil 
is raised to about 500~ by  heat exchange with the 
product  and is admitted to Stage 1 where the heating 
to 600~ is completed rapidly  and is retained for 
one-third of the total holding time. I t  then passes 
successively to Stage 2 and then 3. The reason for 
the separate stages is to prevent  back-mixing. Each 
kettle is t h o r o u g h l y  agitated and operated under  
vacuum so that  volatile materials are released and 
removed. The vapors are condensed and this liquid, 
which is rich in certain f a t ty  acids, can be sold or 
used for other processing. The discharge from the 
vacuum system goes to a suitable fume scrubber 
which removes any smoke carried by the non-con- 
densible gases. The product  leaving the third stage 
is cooled by  heat exchange with the feed oil. As in- 
dicated, the kettles are heated by  the Electro-Vapor 
method since with a continuous unit  and the rise of 
good heat exchange, the electrical heating load is not 
great and the use of this type of system permits a 
very neat self-contained layout. Also, the separate 
vessels can be operated at slightly different tempera- 
tures if it is desirable f rom a process point of view. 
Would the continuous oil bodying system work ? The 
writer  believes that  it would. 

The same general line of reasoning can be applied 
to many H T  fa t ty  oil processing problems. By em- 
ploying techniques that  have been developed for  simi- 
lar operations, one can design a plant unit  for  a new 
process with considerable confidence. 


