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all contained some free phosphoric acid. Most phytic 
acid samples darkened with age and showed a pro- 
gressive Increase in the amount of free phosphoric 
acid. To be effective, it was necessary to add phytic  
acid pr ior  to the deodorization process. 

Evidence is presented to show that  a large par t  of 
the synergistic effects of many activators can be ex- 
plained by  metallic inactivation. I t  is suggested that  
much of the antioxidant effect observed for rice bran, 
oat " f l o u r , "  and cereal brans could be the result o f  
metal inactivation by  the phytic acid present in these 
materials. 
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Steam Stripping of lard I 

I. W. WOLF 2 and J. H. RUSHTON, Illinois Institute of Technology, Chicago, Illinois 

~ TUDY was made to establish a means of eval- 
uating the effect of steam str ipping at high 
vacuum on removal of free fa t ty  acids from 

lard. Normal industrial  procedure is to supply steam 
through sparge pipes at the bottom of large vessels. 
The upward  flow of steam bubbles  provides agita- 
tion and str ipping of volatile products. No data have 
heretofore been available to show the advantageous 
effect of adding mechanical agitation to this batch 
str ipping procedure. Accordingly experiments were 
run, using rotating mixing turbines, to disperse steam 
and to mix and agitate the batch thoroughly, also to 
determine optimum operating conditions of mixing 
for different rates of steam flow, pressure, and tem- 
perature.  Str ipping rates were increased as much as 
50% with the use of mixing turbines. There was no 
difference in behavior between steam and nitrogen, 
hence steam acts as an inert  gas in the str ipping oper- 
ation at the temperature  involved. 

Introduction 
0ils and fats f rom natural  sources contain small 

amounts of impurities in addition to the f a t t y  glye- 
erides. Included among these impurities are high mo- 
lecular weight alcohols (sterols), hydrocarbons,  free 
f a t ty  acids, protein residues and other nitrogenous 
matter,  phosphatides, and carotenoid pigments. These 
materials not only decompose into odoriferous sub- 
stances but  may act as catalysts, bacterial  substrates, 
or inhibitors, either re tarding or promoting reactions 
contributing to the spoilage of oils and fats (5).~ 

1Presented a t  the 1952 Spr ing  Meeting, American Oil Chemists'  Soci- 
ety, Houston,  Tex., Apr.  28-30. 

2Present  address :  General  Electric Company, Syracuse  8, N. Y. 

Among the most abundant  and difficult to remove 
of these substances is the free fa t ty  acid, the pres- 
ence of which in the oil is reported to cause an un- 
pleasant taste, the so-called rancid taste. In  order 
to eliminate this undesirable effect the concentration 
of free fa t ty  acid in the lard must be reduced to less 
than 0.1% (1). 

Countless methods have been employed in indus- 
trial processes to deacidify fats and oils including 
various means of neutralization by  alkMi and esteri- 
fication, the removal of acids by  extraction, steam 
distillation, and steam stripping. The steam strip- 
ping operation is the method most widely used in 
industry  today for  the deodorization of lard and hy- 
drogenated vege tab le  oils. This s tr ipping may be 
briefly described as the passing of steam through oil 
at a high temperature  in a container in which a vac- 
uum is maintained. This will effect the removal of 
not only f r e e  f a t ty  acids bu t  also all of the volatile 
impurities mentioned above. A l though  co n t i nuous  
steam stripping has been employed to a limited ex- 
tent, the batchwise operation is by far  the most widely 
used. 

This investigation was under taken to establish a 
means of evaluating the steam str ipping effect under  
various conditions and to correlate the change in this 
effect with the variation in a given condition. The 
conditions varied were the amount of agitation by  a 
mixing impeller, methods of introduction of the strip- 
ping steam, the absolute pressure in the str ipping 
tank, the temperature  of the liquid, and the rate of 
steam introduction. 

A refined lard usually containing less than 1% free 
f a t t y  acid was used, and a fresh batch was provided 
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for  all runs. High  pressure steam was used for  strip- 
p ing with the exception of a few runs  in which nitro- 
gen was employed as the inert  s t r ipping gas. 

Apparatus 
The experimental  appara tus  consisted of a steam 

source and devices for  measuring the rate  of steam 
input,  a steam ejector, and a vacuum gauge for  main- 
taining and measur ing the vacuum in the s t r ipping 
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FIG. 1. Cross section diagram of str ipping tank. 

spider was made up of a s ide  a rm cross with four  
dispersing arms and a connecting nipple. The four  
arms were 6 in. long, 3~-in. nipples, capped at  the 
fa r  end and per fora ted  with ~6- in .  holes, one inch 
apar t  along two lines parallel  to the axis of the nip- 
ple. These lines were 45 ~ apar t ,  and the nipple was 
set in a posit ion such that  the holes in one line faced 
downward and those of the ~ther faced a line 45 ~ 
to the vertical. 

The high pressure input  steam was available at 300 
lb./sq, in. abs. to beat  the batch and for  sparging. 
The rate of steam introduced into the tank  as strip- 
ping steam was determined by  measuring the pres- 
sure drop across a ~6- in .  d iameter  orifice. The orifice 
was cal ibrated periodically. 

Vacuum was mainta ined in the system by  a two- 
stage steam ejector, supplied with 90 lb./sq, in. boiler 
plant  steam. The vacuum line was made up of 2- and 
3-in.-diameter galvanized iron pipe, which required 
cleaning every two or three months. Traps  in the 
line were emptied af ter  every run. 

Agitat ion and mixing was produced by  means of a 
l~-hp. " L i g h t n i n "  air-driven motor  mounted directly 
above the center of the tank  and geared to a 1/2-in. 
diameter  shaft.  A six-blade, 6-in. diameter  (t ip to 
t ip)  flat-blade turbine  (F igure  2) was at tached to the 
end of this shaft  so that  the turbine  was immersed in 
the lard and would rest one-third of the total  liquid 
depth f rom the bot tom flange as well as 1/2 in. above 
the nipple through which the steam was introduced. 

When nitrogen was used ins tead  of steam, it was 
introduced through l~- in ,  tubing and 3~-in. pipe, 
heated electrically and its rate of flow d e t e r m i n e d  
by  a 1/~ 6_in ' orifice and manometer.  

system, a s t r ipping tank with a sampling spigot and 
a feed line for introducing and eliminating the lard, 
an air  motor  for  driving the mixing turbine in the 
tank, and a means of introducing hot ni trogen in- 
stead of steam for  s tr ipping.  

The s t r ipping tank, F igure  1, was an 18-in. diam- 
eter, 48-in. high, cylindrical  iron pressure vessel with 
l~-in, thick walls and 1-in. thick flange heads at  the 
top and bottom. I t  was equipped with four  4-tube 
baffles ( ~ - i n .  tubes spaced one inch apa r t ) ,  placed 
in radial  directions with respect to the center of 
the tank. These baffles served as heat ing and cool- 
ing tubes. Steam entered the top header  of a baffle, 
and condensate was wi thdrawn through the bot tom 
header. Two-inch permanen t  insulation covering the 
curved surface of the t ank  and 3-in. t empora ry  insul- 
ation covering the flanges together with Six electric 
str ip heaters scattered over the surface of the vessel 
aided in mainta ining constant t empera tu re  by  mini- 
mizing heat leak. 

The lard  was introduced and removed through a 
~/8-in. t apped  hole in the bot tom flange, to which was 
connected the feed line. The s t r ipping  steam entered 
the tank through a ~ - i n .  t apped  hole in the center 
of the bot tom flange. The steam was dis t r ibuted b y  
one of two methods:  the open pipe discharging just  
below the mixing impeller,  or b y  a spider located 
below the impeller: Both are shown in F igure  1. The 

---Photo, Caurte,y Mixing Equipment  Compc~ny, Racheste.r, N.  Y .  

FIG. 2. F la t  blade turbine. 

Experimental Procedure 
Before b e g i n n i n g  a run,  the steam ejector was 

tu rned  on and a vacuum mainta ined in the strii~- 
ping tank. This was done to prevent  oxidation of 
the la rd  dur ing the heating period and to provide a 
means of drawing in the sample batch. 

Approximate ly  one- th i rd  of a 50-gallon d rum of 
lard  was melted af ter  weighing and sucked into the 
tank  through a flexible rubbe r  hose. This filled the 
vessel to a depth of 18-in., equal to the diameter  of 
the vessel. The d rum was reweighed to determine the 
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amount  of mater ial  removed f rom it. The average 
weight of charge was 130 pounds. 

The lard  was agi tated by  means either of the tur-  
bine or the steam sparging alone through the spider, 
or by  the rota t ing turbine with steam fed beneath it. 
Steam was sent into the baffles aad  addit ional heat  
supplied f rom the s t r ip  heaters a t tached to the out- 
side surface of the tank. 

S t r ipp ing  steam at  300 lb./sq.in. (417 ~ F.)  was 
passed through a needle valve with which its rate  
was controlled, then through an orifice, and finally 
into the tank. The pressure on the la rd  was main- 
tained constant at between 10 and 40 ram. of mercury  
absolute. Since steam at  300 lb./sq, in. (417 ~ F.) ,  
whe~l expanded through a valve adiabatical ly to a 
pressure of 10 to 40 millimeters of mercury,  will have 
a t empera ture  of 320 ~ F., it is evident tha t  the strip- 
p ing steanl would be heated by  contact with the lard. 
The cooling effect of the s t r ipping  steam required tha t  
the batch be heated by  steam in the heating baffles 
or b y  the str ip heaters on the wall to mainta in  tem- 
pera ture  and to offset heat  leak. 

At  set t ime-intervals samples were wi thdrawn into 
250-ml. Er lenmeyer  flasks by  producing a vacuum in 
the flask greater  than  tha t  in the tank. Before break- 
ing the vacuum in the flask, the sample was cooled 
by  immersing the flask in cold water  and shaking 
it. Inaccuracy  due to holdup in the sample line was 
avoided by  taking large " d u m m y "  samples in a spe- 
cial flask to flush the line before each true sample 
was withdrawn.  

The tempera ture  and pressure were recorded im- 
mediately af ter  eaeh sample was taken. I f  the lapse 
of t ime between samples was large, they were re- 
corded once or twice in this interval  in addition to 
the readings taken at  the sample time. The steam 
rate and tempera ture  were manual ly  regulated in or- 
der  to mainta in  constant conditions. 

When the run  was over, it was necessary to cool 
the lard  while mainta in ing it  under  high vacuum to 
prevent  its discoloration by  oxidation. To do this, 
cold water  was circulated through the baffles and the 
agitat ion continued as dur ing  the run. When the 
t empera ture  of the lard  was 215 ~ F., the line f rom 
the ejector was closed and steam introduced into the 
tank through the spider or nipple, whichever was 
being used. The pressure in the tank increased as 
the amount  of steam in tile tank  increased unt i l  it 
became greater  than  atmospheric pressure.  When this 
occurred, the valve on the feed line was opened, a n d  
the lard forced through tile hose into a product  drum. 

Procedure for Testing Samples 
Approximate ly  30 ml. of sample were placed in a 

250-ml. Er lenmeyer  flask of known weight. The flask 
and sample were weighed on an analytical  balance,  
and the weight of sample thus determined. A beaker  
of 95% ethanol was heated to boiling, and 72 ml. of 
this alcohol carefully poured down the sides of the 
flask, washing any  la rd  which may  have solidified 
down with it  to the bottom. The flask was heated on 
an electric heater, and the contents, while hot, t i t ra ted  
with dilute NaCH (about  0.05 N).  

The percentage of free f a t ty  acid ( F F A )  was ex- 
pressed as oleic acid, which was calculated f rom the 
following equation : 

% F F A  = ml. alkali X N X 28.2 X 100 - -  
wt. of sample 

where N is the normal i ty  of the N a O H  solution. 

Usually less than one hour  elapsed between the 
drawing and testing of the sample. However  it  has 
been found through experimentat ion that  if  the sam- 
ple is solidified, it may  be kept  for  several days with- 
out apprec iab ly  affecting the amount  of F F A  in it. 

Theory 
Means of Evaluating Efficiency of Opercbtion. The 

free f a t t y  acids, as has been mentioned, exist as a 
large percentage of  the impur i ty  in lard  and are also 
among the ]east volatile of the materials  which can be 
removed f rom lard by  inert  gas str ipping.  These acids 
consist of unsa tura ted  and sa tura ted  long cha in  car- 
boxylie acids, the greater  p a r t  of which contain at 
least 16 carbon atoms in thei r  chain. Since they are 
among the least volatile of removable substances and 
since their  concentration can be easily determined by  
t i t ra t ing the fat,  the amount  of F F A  removed m a y  be 
used to indicate the degree of steam s t r ipping  which 
a batch of lard  has undergone. 

However,  in using the above analysis to compare 
the rate of removal for different batches, a constant 
volati l i ty of the mixture  of F F A  must  be assumed 
a t  a given tempera ture  for  all the lard  used. The 
val idi ty  of this assumption was established experi- 
mental ly  dur ing the course of the work for  labora- 
tory processed leaf and pr ime steam lards. 

The Stripping Equation 

Assuming the law of mass t rans fe r  

Bdf  ~ = M  (f  -- f*) AdO' (1) 
where 

B = Weight  of a single bubble  of steam. 
A = Area of a steam bubble.  
f* = Fugac i ty  of F F A  in the lard  which would be 

in equil ibrium with the F F A  in the steam 
bubble  at any  point dur ing its rise through 
the lard. 

0 ' =  The time elapsed since the ent ry  of the steam 
bubble into the lard. 

f ~---Actual fugaci ty  of F F A  in the lard. 
M ~ A constant  

Raoul t ' s  law for  the low concentration region 

f f ~ p C  (2) 
where 

p = The vapor  pressure of the F F A .  
C ~--- Concentration of F F A  ill the lard, 

and the mater ial  balance for F F A  leaving the la rd  at  
any instant is 

- -  d ( L C ) =  C'dS (3) 
where 

L = The amount  of lard  present.  
C'~--- The F F A  concentrat ion in the exit steam. 
S = Amount  o f  steam passing through the lard. 

the equation 
de/d0 = - - K C  (4) 
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may be derived where 
.MAO'~v.\ 

K :  1 - - e  B ) (p /LTr) (dS/d0)  (5) 

0----The time elapsed since the beginning of the 
s t r ipping operation. 

O'av : The average time a steam bubble  remains in 
the lard. 

~r : Total  pressure above lard. 
S ~---Pounds of steam introduced. 
p-----Partial  pressure of the F F A  in the steam at  

equilibrium. 

When the variables  of equation (4) are separated 
and integrated : 

In Co/C : K0 (6) 
where 

Co = The initial concentration of F F A  in the lard. 

Equat ion (5) predicts tha t  if  lnC is plot ted vs. 0 
a s t ra ight  line of slope - - K  results. The value of K 
is therefore  an indication of the effectiveness of the 
operation and  is a funct ion of all of the variables  
affecting the rate of steam str ipping.  F igure  3 is a 
semi-log plot of C vs.  0 for  several typical  runs. 

0 W-15 "'1 
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�9 W-40-A 
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b l  
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FIG. 3. Typical data. Change in free fatty acid with time. 

Bailey (1) has derived a somewhat similar equation 
for  a t e rm efficiency E which is defined as 

E ~ p ' / p  (7) 
where 

p '  ~-- The par t ia l  pressure of the F F A  in the steam 
of any instant. 

The equation relat ing E to the operat ing condi- 
tions is 

E ~ 1 - -  e KA0 (8) 
�9 where 

A ~ The interracial  area between steam and lard. 
0 ~ The time of operation. 

K ~ A constant. 

D i s c u s s i o n  o f  R e s u l t s  

I t  was proposed above tha t  when all other condi- 
tions are constant, the rate  of disappearance of free 
f a t t y  acid is proport ional  to the amount  of free f a t t y  

acid present. This leads to the theory tha t  a s t ra ight  
line will result  when the logar i thm of the percentage 
of free f a t ty  acid is plot ted against  the t ime of str ip- 
ping, as expressed in equation (6). 

In  order to test  the val idi ty  of this conclusion runs  
were made for  various temperatures ,  using both the 
open tube with the mixer  and  the spider  alone for  
dis t r ibut ing the steam. When  the data were plot ted 
as log percent  F F A  against  time, s t ra ight  lines were 
obtained. Several examples are shown in F igure  3. A 
summary  of the data is t abula ted  in Table I.  

In  order to use the slope, K, of the line of the 
semi-log plot as a means of expressing the effect of 
operation, it was necessary to show that  K would not 
vary  for different batches of feed la rd  when all other 
operat ing conditions were the same. This, in effect, 
meant  that  the reproducibi l i ty  of the data  had  to be 
demonstrated.  Due to the fact  that  the vacuum pro- 
duced by  the steam ejector depended on the pressure 
of the steam supplied by  the power house of the In-  
sti tute (pressure var ied f rom day to day) ,  i t  was not 
always possible to reproduce the absolute pressure in 
the tank. Accordingly the effect of pressure was estab- 
lished first. 

Effect of P r e s s u r e  

The value of K is a funct ion of the absolute pres- 
sure in the tank  as can be seen f rom equation (5). 

Assuming 
d (MA0'av/B)/d~r  ~ O (9) 

which is justified by  the nar row range of pressures 
under  consideration and by  the fact  that  the effect of 
pressure on A / B  tends to cancel out its effect on M0'av, 
the proport ional i ty  

K ~ ~1 ( 1 0 )  

was postulated. This relation was used in correcting 
for  uncontrollable variat ion in pressure f rom one run  
to the next, the range of var ia t ion of pressure being 
comparat ively small. In  Table I values of K are given 
for  18 ram. t Ig.  for  comparison. 

036 
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FIG. 4. Variation of rate constant K with pressure. 



T H E  J O U R N A L  017 T H E  A M E R I C A N  OIL C H E M I S T S '  S O C I E T Y ,  A P R I L ,  1 9 5 3  

TI&BLE I 

Some Typical Da ta  and Conditions of Operation. 
W indicates runs  with spider alone. M indicates runs  with mixer  and open inlet. 
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Run No. 

W-15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W-24 ........................................... 
W-36 ........................................... 
W 44A ....................................... 
W-46A ....................................... 
M~30 ............................................ 
M-32 ............................................ 
M-41 ............................................ 
M-47 ............................................ 
M-49 ............................................ 

Temp. Abs. 
Press.  

~ % . .  
361 
376 22 
404 20 
398 18 
398 14 
398 22 
398 27 
398 16 
398 16 
401 19 

Str ipping 
Steam 

l b s . / h r .  
3.7 
5.9 
5.9 
4,9 
1.5 
5.9 
8.6 
2.3 
1.8 
2.3 

Ini t ia l  
Acid Con- 
centration 

%FF~ 
0.436 
0.460 
0.238 
0.287 
0.295 
0.447 
0.467 
0.516 
0.543 
0.434 

Final  
Acid Con- 
centration 

% FFk 
0.17.2 
0.240 
0.087 
0.144 
0.228 
0.166 
0.273 
0.193 
0.228 
0.215 

Total 
Time of 

i:~un 

Hoqtr~ 

5.7 
3.5 
4.2 
2.0 
1,0 
4.2 
2.8 
3.4 
2.1 
2,6 

RPM. 

300 
390 
600 
5OO 
52O 

K 

0.17 
0.19 
0.30 
0.31 
0.2'1 
0.42 
0.36 
0.36 
0.40 
0.31 

K 
Corrected 
to 18 ram. 

0.15 
0.24 
0.34 
0.31 
0.16 
0.44 
0.45 
0,33 
0.35 
0,33 

Figure  4 is a plot of K versus pressure for  ex- 
per imental  data and for  the theoretical curve. The 
curves a r e  close and paral lel  and indicate tha t  the 
errors  introduced by  using equation (10) should be 
very  small for  correcting for  pressure var ia t ion in 
the range covered. 

E f f e c t  of Tempera tu re  

F rom equation (5) it can be shown tha t  K is de- 
pendent  on tempera ture  since p, A /B ,  and 6 'av are 
all functions of temperature .  Assuming that  the vol- 
ume .of steam bubble is directly proport ional  to its 
temperature ,  then 

A / B  ~ T~/~ (11) 

where T is the absolute temperature.  

Also assuming that the velocity of  rise of  a bubble  
through the lard is proportional  to the 1 /2  power of 
the diameter of  the bubble 

U r 1/0'av ~ r 1/2 o: T 1/~ (12) 

where U is the upward velocity and r the radius of 
the bubble. The series of proportionalit ies was ar- 
rived at by combing (11) and (12) with (5)  and 
using the approximation eX~---1 -~- x which holds for 
small values of  x, giving 

K o: (MP/T~/'~r) (9) (13) 

Thus the plot of  K / T V 2  vs .  T should result in a 
curve of the same shape as the true vapor pressure 
vs .  temperature curve for the F F A  in the lard if M 
does not depend on temperature.  

Figure 5 is a plot of K [corrected to 18 ram. Hg. 
absolute pressure using equation (10) ]  vs.  tempera- 
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FIG. 5. V a r i a t i o n  o f  r a t e  c o n s t a n t  w i t h  t e m p e r a t u r e .  

ture, and Figure  6 is the value K T  1/~ vs. temperature .  
The la t ter  curve does not approximate  the shape of 
the curve of the vapor  pressure of any  of the com- 
mon f a t t y  acids, and therefore it is believed tha t  
values of MAS'av /B are too large to jus t i fy  the as- 
sumption of e X ~  1 -~-x  where x ~ MAS'av/B.  
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FIG.  6. A p p a r e n t  v a p o r  p r e s s u r e  vs .  t e m p e r a t u r e .  

Effect  of Steam Rate  

in  equation (5) the relat ion between K and the 
steam rate, dS/d0,  is complicated b y  the fac t  tha t  M, 
A /B ,  and 0 'av are all unknown functions of dS/d0 
and  would be very difficult, if not impossible, to eval- 
uate  separately.  

F igure  7 is a plot  of K v s .  steam rate. I t  may  be 
noted that  a direct propor t ional i ty  between K and 
steam rate  was not observed. This serves to indicate 
tha t  equil ibrium was not reached between F F A  in 
the exit steam and in the la rd  and that  MA0 'av /B  
is not independent  of the steam rate. The equation 
for  the curve of F igure  7 is presented below in the 
section on Results, Equat ion (14). 

Effect of S team Distr ibution 

in  equation (5) it can be seen t h a t  as A / B  and 
0 'av increase the value of K increases. S i n c e  0'av in- 
creases as the bubble  size decreases and since�9 t}le rat io 
A to B is inversely propor t ional  to the diameter  of the 
average bubble, it follows tha t  the smaller the size of 
the bubbles of steam rising through the lard, the 
grea te r  is K. 
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I t  has been common industrial  practice to sparge 
steam into the oil by  cross or other type  spargers,  
depending on the jet t ing action to create small bub-  
bles and to br ing  about  some mixing due to the rise 
of the bubbles. 

At  high superficial steam velocities, such as those 
which are usually employed in the industrial  process 
(about  6 ft. per second near  the top of the l iquid),  
choking occurs and the lard is lifted and splashed by  
tile steam. This action causes a breaking up of many  
of the larger  bubbles suspended in the liquid into 
smaller ones. 

When dispersion of steam was accomplished with 
a turbine mixing impeller (F igure  2) instead of with 
the spargcr  as described above, it was found that  a 
reduction could be made in the amount  of steam re- 
quired for  the process. This reduction includes not 
only the difference in amounts going into  s t r ipping  
but  also the reduced amount  of steam required by  the 
ejector to mainta in  the vacuum for  a shorter  time. 
This lat ter  quant i ty  is two to three times as great  as 
the former.  As an example, in an industr ial  deodori- 
zation operation, a 25,000-pound batch would use ap- 
proximate ly  800 pounds of steam bubbled  through 
the lard per  hour, and another  2,100 pounds of steam 
would be used in the ejector each hour  to mainta in  a 
vacuum of 12 millimeters of mercury.  The mixer  not 
only provides bet ter  steam distribution, but  it also 
gives more agitat ion of the liquid. 

Some research work has been repor ted  b y  several 
investigators on gas distr ibution in a liquid using 
turbine agitation. Those giving performance data in- 
chide the work of Cooper, Ferns t rom,  and Miller (3) 
on the oxidation of sulfite solutions by  air for various 
power inputs, gas velocity, and sizes of equipment.  
Determinat ion of air holdup in a cylindrical baffled 
tank filled with water, with air being i n t r o d u c e d  
through a tube direct ly below the mixing impeller, 
was conducted by  Foust,  Mack, and Rushton (4). 
Sachs (6) investigated air  h o l d u p i n  oils of moderate  
viscosity, and Bartholomew et al. (2) give data for  
the fermenta t ion processes for  penicillin and strepto- 
mycin production. 

In  this work the performances of the spider mech- 
anism and the m e c h a n i c a l  agi ta tor  were compared 
for  runs of various steam rates  to determine proper  
conditions for  large-scale design and to evaluate the 
economic feasibil i ty of using mechanical mixing for  
steam str ipping.  Runs marked  W in Table I are 
those where the sparger  alone was used while those 
marked M are for  use of the mixing impeller. 

R e s u l t s  

Runs were made holding the lard  t empera ture  a t  
approximate ly  398 ~ F., pressure 18 ram. Hg., and the 
K ' s  determined f rom the slopes of the lines result ing 
f rom lnC vs. 8 plots of the data. A logari thmic plot 
of the slopes K vs. W ,  the steam rate, was made. Fig- 
ure 8 shows the results and  the straight-line correla- 
tions obtained. 
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FIG. 8. Effect of steam rate ol~ rate constant K. 

Steam-flow rates in the tables and plots are shown 
as pounds of steam per hour  for  the total  ba tch  of 
130 lb. Comparison of these results with large-scale 
equipment  operat ion may  be made b y  computing the 
rate  of steam flow per pound of oil. For  example 
when a steam flow rate of 800 lb . /hr ,  is used with 
25,000 lb. of oil in a commercial reactor,  the rate  is 
0.032 l b . / ( h r . ) ( l b ,  oil). An equivalent rate in the 
experimental  reactor  would then be 130 (0.032), or, 
4.15 lb . /hr .  

The equation for  the line for  distr ibution of steam 
by  the sparger  is 

K = 1.3 (dS/dO) ~ (14) 

Using the mixing impeller to distr ibute the steam 
and to mix the liquid, the solid point curve of F igure  
8 was obtained for  an impeller speed of 300 rpm. The 
equation for  this line is 

K = 1.5 (dS/d0)  ~176 (15) 

I t  is obvious f rom a comparison of these curves 
that  with an increase in mixing and distr ibution of 
the steam by  the mixing impeller, it is possible to 
increase the rate of s t r ipping by  a value of 30 to 
50% (vertical distance between the two lines) when 
a turbine  speed of 300 rpm. is employed. 

To test  fu r the r  the theory that  the impeller  will 
improve s t r ipping rates by  increasing the interfacial  
contact area between the s team and the lard,  runs  
were made at  400 ~ F., corrected to 18-ram. pressure 
and  at a steam rate  of 1.75 lb. per  hour  for  various 
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impeller speeds. (This corresponds to a low value for  
industrial use of 338 lb. of steam per hour for a 
25,000-1b. batch.) The resulting data plotted in Fig:  
ure 9, show the relation and benefit of usiug higher 
impeller speeds. Note that  the value of K at zero 
rpm. is very close to that obtained w h e n  the spider 
mechanism is employed for distribution. Since the 
slope of the curve of K v s .  rpm. should approach zero 
as equilibrium conditions are approached, it is clear 
that  equilibrium conditions between steam and lard 
are not reached even at the highest impeller speeds 
used. For  maximum steam economy the steam should 
be saturated with free fa t ty  acids, but  this was not 
attained. 
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Fro. 9. Effect of mixing impeller speed on rate constant K. 

I r r e g u l a r i t y  in  P l o t s  

In  the seinidog plots of F F A  concentration in the 
lard v s .  time, deviations from the straight-line curves 
shown in Figure  3 were observed. The data some- 
times resulted in irregular displacements of the curves 
as shown in Figure 10. In  these cases, the rate K was 
taken as the slope of the first straight-line par t  of the 
curve. 

In  order to test whether these irregularities were 
due to a hydrolysis of fa t ty  esters in the lard by the 
str ipping steam, nitrogen was introduced as a strip- 
ping agent in place of steam. A plot of such runs 
shows similar irregulari t ies indicating that hydrolysis 
was not the cause, and it is now believed that  the 
effect is due to a condensation of F F A  on the top or 
walls of the container, or in the vacuum line and 
periodic re-entrance of this F F A  into the body of 
the lard. 
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FIG. 10. Yree fatty acid vs. tinle. 

C o n c l u s i o n  

The rate of steam stripping of free fa t ty  acids, from 
lard can be evaluated in terms of a rate.constant  K 
defined by Equations 5 and 6. Reproducible results 
were realized for many different batches of leaf and 
prime steam lards. The effects of temperature, total 
pressure, and steam rate were evaluated, thus making 
possible the calculation of stripping rate constants on 
a comparable basis. Comparable values of the rate 
constant K have been compared for conditions with 
and without the use of mechanical agitation With a 
flat-blade mixing impeller. Use of the rotat ing mix- 
ing impeller showed substantial increases (30 to 50%) 
in the reaction rate constant, over those obtained with 
steam sparging without the mixer. Accordingly the 
use of this type mixer should result in large savings 
of steam for stripping and for maintaining the neces- 
sary vacuum by the steam jet condenser. 
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CORRECTION 

A. L. Clingman of the South African Council for Scientific and Industrial Research, 
Pretoria, writes (as of March 13, 1953) that there was an error in the article by himself 
and D. A. Sutton, entitled "The ~hemistry of Polymerized Oils. II. Dehydropolymers of 
Methyl Linoleate aud Methyl Stearate," which appeared in the February 1953 issue of the 
Journal of the American Oil Chemists' Society. The footnote at the bottom of page 54 should 
have read as follows: "I.V. = 173.0; prepared by debromination of tetrabromostearic aci4 
by the Ho~neI Research Foundation, Austin, Minn." 


