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Optimum Blowing Steam Rate in Deodorization 
and Steam Distillation I 
L. D. CHIRGWIN JR., ~ Spencer Kellogg and Sons Inc., Edgewater, New Jersey 

T I t E  optimunl blowing steam rate in commercial 
deodorization has long been a subject  for  conjec- 
ture. The best solution thus fa r  has been a com- 

promise between the economic aspects which dictate 
the lowest possible sparging rate and the quali ty con- 
s iderations which heretofore have indicated that  the 
higher the blowing rate, the greater  the degree of de- 
odorization. Thus the total  blowing steam used in 
commercial practice has been estimated (1, 3) to vary  
f rom 3% (for  some continuous installations) to over 
100% (in older batch systems) of the weight of the 
stock deodorized. In  most instances these blowing 
steam rates are based solely on rule of thumb or arbi- 
t ra r i ly  accepted practice. 

Some time ago, as the result  of conflicting recom- 
mendations, concentrated at tention to the subject  re- 
suited in the following hypothesis:  a~ some point the 
benefit of increased blowing steam must  be more than  
offset by  the resul tant  loss in vacuum due to pressure 
drop through the system and overloading of the vac- 
uum equipment.  

This paper  proposes to show that,  technologically, 
there is an op t imum blowing steam rate characteristic 
of each individual  system and that  rates above this 
op t imum actual ly lessen the  degree of deodorization. 

F o r  well-designed installations with high capaci ty 
vacuum systems, this technically opt imum rate may  
be higher than  is economically practical.  Other sys- 
tems however with high pressure drop and low capac- 
i ty jets  may  well be  found to be operat ing at disad- 
vantageously high blowing steam rates, a reduction of 
which would result  in be t ter  deodorization and lower 
costs. 

T h e o r e t i c a l  

The integrated form of Bai ley 's  (1) equation for 
batch deodorization is 

( 1 ) S = P O / E P ~  (ln "gl/lr2) 

where S = total blowing steam per batch (tools) 
P = absolute pressure in deodorizer (ins. Hg)  
O = batch size (tools) 
E ~ vaporizat ion efficiency (dimensionless) 
P , . = v a p o r  pressure of volatile component(s)  

(ins. Hg)  
V t = i n i t i a l  concentration of x~olatile compo- 

nents ( % )  
V. . ,~f lna l  concentration of volatile compo- 

nents ( % )  

1 P r e s e n t e d  a t  the  N in th  S o y b e a n  Oil S y m p o s i u m  of the  Soybean Re- 
s ea rch  Council,  Ohicago, Ill., Oct. 5, 1953. 

2 P r e s e n t  a d d r e s s :  Cen t ra l  Labora to r ies ,  Genera l  Foods  Corpora t ion ,  
Hoboken ,  N. J .  

583 

The total  tools of steam (S) may  also be expressed 
a s  

(2) S ~ R t  

where R --- blowing steam rate (tools per  hour)  
t = deodorization time (hours) 

Equat ions (1) and (2) may be combined and re- 
wri t ten as 

(3) ln(V1/V2) = ( E P v R t ) / ( P O )  

Under  pract ical  conditions in commercial  equip- 
ment  it is desirable to operate the vacuum system un- 
der design conditions calculated to mainta in  the low- 
est possible absolute pressure at all times (1). The 
vacuum at ta ined in the kettle is dependent  upon the 
absolute pressure at  the vacuum source (fixed by  jet  
design and load) and the pressure drop through the 
system (a funct ion of kettle design and blowing 
steam rate) .  Thus the total  absolute pressure (P)  is 
seen to be a variable,  characteristic of the system and 
empirical ly dependent  upon the load or blowing 
steam rate (R) (see F igure  1). 

Under  normal  conditions of production, besides the 
initial content of volatile odoriferous materials  (V~), 
such factors  as deodorization cycle time ( t ) ,  batch 
size ( 0 ) ,  deodorization efficiency (E) ,  and  deodoriza- 
tion tempera ture  and the corresponding vapor  pres- 
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FIG. 1. Operating curve: DeodoriT, er pressure vs. blowing 
steam rate. Deodorizer B-118. 
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sure of volatiles (P~) are relatively uniform and can 
be lumped into a constant, k, to give 

(4) In (VJV2)  -~- k ( R / P )  

This. relates those factors of interest  in the present 
study, namely, blowing steam rate (R),  the corre- 
sponding pressure in the deodorizer (P) ,  and the re- 
suiting degree of deodorization or residual volatiles 
(V~). V, 1~, and P may be expressed in any consist- 
ent and convenient absolute units with corresponding 
values of k. 

F rom equation (4) it is. evident tha t  the smallest 
possible value of V 2 corresponds to the highest pos- 
sible value of the ratio ( R / P ) .  F igure  1 is a typical  
pressure-drop or load curve, from which it can read- 
ily be seen that  as the sparging rate is gradual ly in- 
creased from zero through the lower values, the a b e -  
lute pressure remains low hence the ratio of ( R / P )  
increases rapidly.  As the blowing" rate is fu r the r  in- 
creased, the vacuum begins fal l ing off at an increas- 
ingly greater  rate, until  at the high end of the curve 
a nmderate inerease in steam flow results in a large 
increase in absolute pressure with the result that  the 
ratio ( R / P )  is reduced, to the detr iment  of the de- 
odorization operation. Hence the independent  vari- 
able, blowing rate (R),  should be increased or de- 
creased (depending on whether the rate is below or 
above the optimmn, respectively) as long as the 
change results in an increase in the ratio ( R / P ) ,  or 
as long as 

(5) (R __+ AR.) / (P ~+ AP) > R / P .  

Before the above inequality can be reversed, some 
point must be passed (the opt imum; Ro, Po) at which 
a differential  change in blowing steam rate (dR) does 
not affect the ratio ( R / P ) ,  or 

(6) (Ro • d R ) / ( P .  • dP)  = Ro/Po, 

at whieh point, 

(7) d R / d P  ~ Ro/Po. 

Since, in Figure  1, P is plotted as the dependent 
variable against R as the independent variable, (7) 
is more conveniently wri t ten 

(8) d P / d R  ~ Po/Ro 

from which we see that  the slope of the curve must 
equal  the ratio of the coordinate values at the opti- 
mum blowing steam rate (Ro). 

Thus, according to the hypothesis presented here, 
optimum removal of odoriferous materials in a nor- 
real deodorization cycle should occur when: 

a) R / P  is a maximum (or P / R  is a minimum) 
b) d R / d P  ~ R / P  (or dP/da = P / R )  

Conditions a) and b) should both be satisfied at the 
same value of R (i.e., Ro). 

Under  these optimum conditions not  only should 
the total materials (volatile and neutral  oil) dis- 
tilled off be at a maximum, bu t  entrainment  should 
be disproport ionately high, as seen through a s tudy of 
Bailey's (1) modification of the equation of Souders 
and Brown, which gives the critical velocity of a va- 
por required to earry  droplets of a given size as 

(9) vr ~--- K'  (D~/d~/~ ) 

where vr = critical l inear velocity of the vapor 
K'  ~ a constant 
D --= diameter of the droplet 
d2 ~ vapor density. 

The linear velocity of an ideal vapor through any 
system is proportional  to the mass rate (R) and in- 
versely proport ional  to its density (d2), which in tu rn  
is directly proport ional  to the absolute pressure of 
the system (P) ,  so that  in a given system, 

(10) v ~  e ( ~ / e )  
where c is a constant and v is the linear velocity. 
From this it is apparent  that maximunl linear velocity 
coincides with optimum conditions (maximmn R / P )  
a n d  that  fu r ther  increasing the blowing steam rate 
actually results in a decrease in linear velocity due to 
the compression of vapors. I t  is also evident from 
(9) however that  this increase in absolute pressure, 
and hence in vapor density, results in a decrease in 
the critical vapor  velocity required to carry droplets 
of a given size. Thus it  appears that  entrainment  in- 
creases rapidly  with increasing linear velocity and gas 
density up to the point of optimum deodorizing con- 
ditions, a f te r  which decreasing velocity compensates 
to a degree (depending on operating curve character- 
istics) for  the increasing vapor  density, resulting in 
disproportionately high values  of entra inment  at the 
optimum blowing steam rate (1~o). This does not con- 
flict with Bailey's  data on entrainment,  obtained in 
equipment in which blowing steam and vacuum could 
evidently be controlled independently (5), thus elim- 
inating the effect of vapor compression. 

Experimental 
Data were collected at random over a period of five 

months f rom a commercial batch deodorizer operating 
on a 7-hour cycle handling 15,500 lb. of hydrogenated 
soybean oil per  batch at 400-430~ Blowing steam 
rate was varied from 0 to 550 lb./hr. ,  with sustained 
operation at various settings between 200 to 550 lb . /  
hr. Operations were carried out with due precautions 
(including organoleptic evaluations) such as to in- 
sure no damage to the resulting deodorized oils. Data 
about each setting were grouped and averaged to min- 
imize effects of other variables. These averaged data 
were then plotted to give the operating curve shown 
in Figure  1. 

Values of absolute pressure (P)  and blowing steam 
rate (R) were taken from the smoothed curve, and 
P / R  ratios calculated. F rom Figure  i the slope ( d P /  
dR) of the operating curve was determined at various 
blowing steam rates. Calculated values are given in 
Table I and are plotted against R in Figure  2, from 
which the optimum blowing rate (Ro) for  this system 
was found to be about 350 lb. /hr .  

Hotwell scrap and catch oil, representing distilled 
and entrained materials, were collected and weighed 

TABLE I 
Values of Operat ing Variables Taken f rom Smoothed Curve (Fig. 1), 

with Correspondin~ Values of P / R ,  dP/dR,  and 
~nd Catch and Hotwell Oil 

Blowing P r e ~ u r e  
Rate p 

R 
(lb./hr.)  (ins. Hg)  

0 0.155 
: 50 0.157 

100 0.161 
150 0.169 
200 0.181 
250 0.197 
300 0.220 
350 0.253 
400 0.201 
450 0,353 
500 0.380 
550 0.429 
600 0,485 

P/R 

a 
0.003140 
0.001610 
0.001127 
0.000905 
0.000788 
0.000733 
0.000723 
0.0007Z8 
0.000740 
0.000760 
0.000780 
0.000808 

d P / d R  

0.000074 
0.000131 
0.000194 
0.00028] 
0.000379 
0.000546 
0.000736 
0.000789 
0.000917 
0.000968 
0.001030 
0.001147 

Catch and 
Hotwell Oil 

( Avg. 
lb. /batch) 

111,7 

131.3 

94.2 



THE JOURNAL OF TIIE AMERlCAN OIL CIIEMISTS' EOCIETY, DECEMBER, 1953 585 

I 

0.0016 - -  

0.0014 

0.0012 - -  

0.0010 

0.0008 

0.0006 

I 
o .ooo4 / 1 

/ I / /  ; 
0 . 0 0 0 2  - - - -  I 

0 I 

. /  

0 IOO 200 300 400 500 

BLOWING STEA~I RATE (R) - #/hro 

Fl(~. 2. P / R  r a t i o  a n d  d P / d R  vs. b l o w i n g  ste,~m ra te .  

/ 
/ 

/ 

I 

600 

f rom a total of 21 batches at three blowing steam rates 
(200, 300, and 550 lb . /hr . ) .  These data. also are given 
in Table 1. 

Discussion 
I t  is evident that  correct results depend on reliable 

instruments which give reasonably accurate absolute 
values and that  sufficient data must be taken to elim- 
inate the effects of extraneous variables (e.g., pres- 
sure of steam to jets, condenser water temperature,  
etc.) through averaging and smoothing data. Pres- 
sure readings should not be taken very ear ly  in the 
cycle because of the high values resulting from de- 
aeration and initial high velocity removal of copious 
volatile materials. Of p r imary  interest are conditions 
near the end of the run as V2 is approached. 

The assumption that  E, the vaporization efficiency, 
is constant is based on Bailey's (1) experience, which 
indicates that  this term varies bu t  little in a given 
system, and is practically independent  of pressure 
variations, in the normal range of deodorization. E 
indicates the degree of approach to equilibrium dis- 
t r ibut ion of volatiles between the oil and the steam 
leaving the oil surface, and is expressed as 

(11) E ----- p'~/p~. 

where p'~ ~ the actual part ial  pressure of the volatile 
component in the vapor phase 

p,. ~ the equilibrium pressure of the volatile 
component in the oil. 

Bailey cites estimates of E ranging from 0.7 to 0.99 
for  various sYstems. 

The term K, developed by Wolf and Rushton (4), 
is a rate constant affected by  nearly all the variables 
in the system and as such includes E, bu t  can not be 
compared to it. Wolf and Rushton postulate that  K 
is inversely proport ional  to the absolute pressure (P)  

and also find that  a near-linear relationship exists be- 
tween K and the mass steam rate (R).  Thus K, a 
measure of the rate of removal of volatiles, would 
appear  to approach a maximum as the ratio R / P  ap- 
proaches a maximum, under  otherwise fixed condi- 
tions. This agrees with the theoretically optimum 
conditions for  deodorization developed here from 
Bailey's equation. 

I t  is of interest  to note that  the limited data on en- 
trained and distilled materials indicate that extreme 
conditions remove less material  than does operation 
near the op t imum.  From theoretical and practical 
considerations the materials removed at 550 lb. /hr .  
blowing steam rate Should be greater than those re- 
moved at  200 lb./hr. ,  for  two reasons: a) distillation 
should be greater  because of the higher ratio of R / P  
(or lower ratio of P / R ;  see Table I )  : b) entrainment  
should be greater  because of the eoneordantly higher 
linear velocity and greater  gas density. Fai lure  of 
data to confirm expectations may possibly be ascribed 
to the limited accuracy under  the conditions of experi- 
mentation, which nevertheless satisfactorily illus*rate 
the principles involved. 

In  view of the very  sharp increase of the P / R  ratio 
as the blowing steam rate is reduced below optimum 
in this case (see Figure  2), it would be advisable to 
operate at or slightly above the indicated optimum 
(i.e., between 350-400 lb./hr,  of blowing steam). This 
optimum rate may or may not be critical, depending 
on the characteristics o f  the individual system. 

From the nature of the operating curve it is evident 
that  the point of tangency of a straight line through 
the origin corresponds to optimmu conditions (see 
Figure  1), since at  that  point  P / R  ~ dP /dR .  Also 
it is the lowest possible value of P / R  common to the 
curve and the tangent  through the origin, which has 
a slope of m = (P-O) /R-O) ,  or P/R.  

The principles outlined here would appear  to apply 
equally well to deodorization, solvent stripping, or 
any other form of steam distillation, continuous or 
batch, on any scale f rom bench to plant. 

The optimum blowing steam rate for  a given system 
can be determined easily by  the following steps: 

a) Collect and average enough reliable operating 
data at various blowing steam rates to insure a 
smooth and reasonably accurate o p e r a t i n g  
curve ; 

b) Plot  averaged values of absolute pressure (P)  
vs. blowing steam rate (R),  in any convenient 
units ; 

e) Draw a straight line through the origin tangent  
to the smoothed operating curve. The point of 
tangency defines optimum operating conditions 
for  the system. 

Taste panel methods similar to those of the North- 
ern Regional Research Labora tory  (2) failed to de- 
tect any difference in either initial flavor or flavor 
stability between oils deodorized at  optimum or sub- 
optimum conditions. OrganolePtic tests can not be 
expected to detect flavor differences of the magnitude 
which occur in normally deodorized good quali ty oils, 
especially in view of the precautions commonly taken 
to g u a r d  against under-deodorization. 

Summary 
On the basis of Bailey's equation for deodorization 

it is proposed that  there is an optimum sparging rate, 
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characteristic of each individual system, for  steam 
distillation and its specialized forms, such as deodori- 
zation and stripping. I t  is suggested tha t  the princi-  
ples involved are applicable to continuous or ba tch  
systems of any  size. 

A simple method of determining this opt imum rate 
is described and i l lustrated with data  f rom a commer- 
cial batch deodorizer. 

I t  is proposed that,  under  opt imum conditions: 

a) the ratio of absolute pressure (P)  to the blow- 
ing s team rate (R.) is at a min imum;  

b) total  distillation is at a m ax i m um ;  
c) the l inear velocity of the vapor  is at a maxi-  

mum ; and 
d) ent ra inment  is disproport ionately high. 

I t  is recognized that  this technically opt imum blow- 
ing steam rate  may not coincide w i t h  the most eco- 

nomical conditions of operation, depending on the 
characteristics of the system. 

I t  is concluded that  operation at rates appreciably  
above the opti inum can in no way be justified. 
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A New :Source of 'Carotene: Palm Fiber Oil From 
Elaeis Guineensis 
PIERRE BLAIZOT and PIERRE CUVIER, Institut de Recherches pour les Huiles et Oleagineux, 
Paris, France 

F OR several years our laboratories have been very  
much interested in the s tudy of extraction meth- 
ods and the physical  and chemical proper t ies  of 

carotene f rom palm oils which are p r o d u c e d  in the 
French  Overseas Territories,  such as the Ivo ry  Coast, 
Dahomey, and the Cameroons. Carotene is the ideal 
coloring agent  for  margarine.  I t  is indeed the natu- 
ral  p igment  of bu t t e r  and moreover plays a specific 
role in the animal organism as provi tamin  A. Thus 
its super ior i ty  over coloring agents without  vitami~lic 
power is obvious (1). Carotene was discovered more 
than a century  ago in carrots which still are, besides 
alfalfa,  an impor tan t  raw mater ia l  for  the industr ial  
p repara t ion  of carotene. However  carrots and alfalfa,  
are very poor sources of carotene as compared to Af-  
rican palm oil. 

Fur the rmore  a difference must  be made among palm 
oils according to their  origins. Oils produced in  the 
F a r  Eas t  and most of the oils f rom the Belgian Congo 
contain about  0.05-0.06~, of carotene, ~ while palm 
oils f rom the Ivory  Coast, especially f rom Dahomey, 
contain as much as 0.1-0.16%. 

Palm oil consumers prefer  the lightest colored oils 
for soap and margar ine  manufac tu re  in order  to avoid 
the expensive and difficult bleaching t reatment .  0i l  
palm growers have thus been b rought  to select palm 
trees capable of producing high yields of light-col- 
ored oil. In  French Afr ica  pa lm oil is produced ex- 
clusively f rom na tura l  wild palms, which are likely:to 
produce highly colored oils. Especial ly in Dahomey 
climatic conditious are very  favorable  for the develop- 
ment  of pigment.  The oil yield per  acre, in this last 
ease, amounts  to only one-third or one-fourth of the 
yields obtained on the estate plantat ions of Malaya, 
but  this oil, s t rongly colored is an excellent mater ial  
for  the industr ial  product ion of carotene. 

Dur ing  our investigations we have been led to s tudy 
the constitution of the oil which remains in the cakes 

~Total content of all isomers. 

TABLE I 

Average Total Carotene Contents 

Mg./pound (estimated 
Source as beta-carotene) 

Carro ts (4)  ................................................................. } - - ~ ~  i Sweet Potatoes (5) ..................................................... 
Alfalfa (5) .................................................................. 
Barley ( 5 ) .................................................................. 
Olover (5) .................................................................. I 153 
Rye (5) ...................................................................... ~ 2oa 
Sweet Clover (5) ......................................................... 15 i 89 
Wheat (5) ................................................................... 20 118 
Estate palm oil (Belgian Congo, Far  East)  ................ 225 
Wild Palm Oil ( Ivory Coast, D a b o m e y )  .. . . . . . . . . . . . . . . . . . . .  450- 800 
Estate Palm "fiber oir '  ....................................... : ....... 650-1,100 
Wild Palm "fiber oil". ................................................. 1,300-2,200 

of the f ru i t  fibers. These fibrous oil cakes generally 
contain about  10% of gtycerides. Because of their  
high cellulose and l ignin content and their  low per- 
centage of protein, they have no food value for  ani- 
mal  feeding. In  Afr ica  they are used for  fuel. Thus 
they are an almost valueless by-product .  When the 
oil is extracted by  means of a suitable solvent, such 
as petroleum ether or chlorinated solvents, i t  is very 
highly colored. 

Af te r  numerous tests we have found that  the caro- 
tene content of " f ibe r  o i l "  f rom either wild or culti- 
vated trees is much higher (about  three to four  times 
more) than  it is in the corresponding "express ion  
oil ."  For  instance, f rom pa lm frui ts  f rom the Ivory  
Coast the expression oil has 0.1-0.14% of carotene 
while the corresponding " c a k e  o i l "  or fiber oil gen- 
erally shows a carotene content of 0.3-0.4% and some- 
times even more. While the expression oils obtained 
f rom frui ts  f rom estates of the Belgian Congo or Ma- 
laya contain a p p r o x i m a t e l y  0.06% of carotene, the 
fiber oil shows a content of 0.15-0.25% (2). 

B y  assay on young ra ts  the b io log i ca l  va lue  of 
the carotene containing concentrates f rom expression 
palnx oil corresponds with the carotene content found 
by  spectrophotometry (3). The absorpt ion spectra of 


