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 Laboratow Continuous Deodorizer for V e g e t a b l e  Oils 1 

E.D. Bitner, J.P. Friedrich and T.L. Mounts* 
Northern Regional Research Center, Agricultural Research Service, U.S. Department of Agriculture, Peoria, lllinois 61604 

A laboratory-scale continuous deodorizer, based on a 
modif ied Snyder distillation column, was constructed 
and tes ted  for the deodorization of alkali-refined and 
bleached vegetable  oils. Soybean oil extracted with  
supercritical carbon dioxide and w i t h o u t  fur ther  
processing also was deodorized to a finished edible oil. 
Results of taste panel evaluations of the finished oils 
show tha t  the quali ty of oils d e o d o r i z e d  over  a 
t e m p e r a t u r e  range  o f  194-260 C is  e q u i v a l e n t  to 
commercia l  salad oils. Oil f low rates  are 1 to  2 ml/min, 
and contact t ime is about  5 min; a vacuum of 0.5 to  1.0 
m m  Hg is maintained with  countercurrent s team flow 
of 1 to  5% of the oil weight.  Smal l  samples  of  oil 
(250-1000 ml)  are read i ly  a c c o m m o d a t e d  in t h i s  
equipment ,  and the  deodor izat ion  condi t ions  more  
nearly s imulate  commercial  practice than do traditional 
small-scale batch deodorizers.  

Continuous or semicontinuous deodorization of vege- 
table oils is the accepted practice in commercial 
applications (1,2}. These deodorizers are designed to 
accomplish deaerating, heating, stripping and cooling 
(2-4}. Some of the latest  commercial continuous 
operations vary the oil depth from a thin layer (5-7} to 
an atomized spray (8), and temperatures range from 
about 200 C to 260 C. 

In the laboratory, batch type deodorizers are still 
commonly used because only small amounts of oil can 
be accommodated (9). No laboratory deodorizers are of 
the continuous type, although some are semicontin- 
uous in operation (10). However, none of the laboratory 
deodorizers adequately simulates present industrial 
practice or lends itself readily to other uses, such as 
evaluation of deodorization parameters, variation of 
sample size and testing of transducers and sensors for 
computer control applications. 

APPARATUS 
A diagram of the apparatus is shown in Figure 1. The 
system consists of a modified Snyder glass distillation 
column (Ace Glass Inc., Vineland, New Jersey} 
containing 19 bubble-cap stages (see inset BB for 
details of stages}. Two sidearms were added, one for 
steam inlet and the other to permit the use of an 
internal thermocouple. A glass adapter was fitted to 
the top of the column to accommodate a vacuum 
attachment, oil inlet and oil pre-heat area containing 
glass beads (see inset AA for details}. {The oil reservoir 
is equipped with a teflon-glass needle valve for control 
of the oil flow rates.} Configuration of the oil reservoir 
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allows oil to be added and deaerated during a run. 
Adapters at the base of the column permit taking 
finished oil or oil samples without  in ter rupt ing 
operation of the column. Sample size is limited by oil 
flow rate to about 500 ml for a working day. A 
g radua ted  separa tory  funnel  was modified, by 
removing the bottom stopcock and placing a high 
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FIG. 1. Continuous deodorizer. Inset AA--enlarged view of glass  
bead preheat  area. Inset BB--enlarged view of Snyder column 
stages. A, B, C, D--column heaters. TC--thermocouples. 
N~--nitrogen gas inlet. VAC--vacuum. See text  for further details. 
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vacuum stopcock in the outlet  arm, to form the s team 
generator.  A teflon-glass needle valve is positioned in 
the s team line for more precise set t ing of s team flow. 
No external  heat  is required for s team generation when 
the room tempera ture  is ca. 25 C. An infrared lamp 
with controller is used for heat ing the water  when 
needed. Bumping or "burp ing"  of water  in the s team 
generator  did not  occur. Four heaters (A-D)fare used 
to heat  the column, and six thermocouples measure 
inside and outside temperatures.  The bot tom (D) and 
top (A) heaters serve dual roles: in addition to heat ing 
the column, the bo t tom heater keeps the s team from 
condensing as it enters the column, and the top heater  
preheats  the oil by  controlling the tempera ture  of the 
glass beads (inset AA-Fig. 1). I t  is absolutely essential 
tha t  no s tandard  taper  glass joints be subjected to  
deodorization temperatures  because of the danger of 
air leakage into the system. 

Accessory units  are not  shown in Figure 1; they  
consist of a five-position digital meter  for external  
tempera ture  measurement,  a potent iometer  or miUi- 
vol tmeter  for measurement  of the internal tempera- 
ture, four variacs for heater  control, a thermistor- type 
vacuum meter  with sensors (General Electric, Model 
No. 22GC320), a magnetic stirrer for incorporating 
antioxidant,  and a s tandard  vacuum pump. 

PROCEDURE 

All of the electronic equipment  is tu rned  on and 
allowed to reach equilibrium. About  30 min is required 
for the column to reach deodorization tempera ture  
(260 C). During this 30 min, the s team generator  is 
charged with distilled water  and oil is added to the 
reservoir  and deaerated. After  init iating s team flow 
and at ta ining a tempera ture  of 260 C, the oil reservoir 
needle valve is adjusted to give an oil flow rate  of 
about  1 ml/min. This  valve needs to  be adjus ted  
slightly as the deodorization proceeds to maintain 
constant  oil flow rate  because of the change in head 
pressure in the oil reservoir. The t ime elapsed between 
the s ta r t  of oil flow and the time oil appears at the 
bo t tom of the column is the residence time. Residence 
time for soybean oil is 4 to 5 min. No adjustments  
other than to maintain oil flow rate  are required during 
deodorization. However,  if oil flow rate  is changed, 
adjustment  of the top heater  is necessary to maintain 
o p e r a t i n g  t e m p e r a t u r e .  A l t h o u g h  the  deodor i ze r  
requires little a t tendance during operation, all mea- 
surements  have to be recorded every 30 min and s team 
and oil flow rates  mus t  be calculated to monitor  the 
run accurately. If desired, ant ioxidant  can be added to 
the deodorized oil and the  mix tu re  s t i r red  under  
vacuum for 30 min. Af te r  the ent i re  sys t em has 
returned to room temperature,  the column is cleaned 
by  f lush ing  wi th  hexane  and air dried,  and the  
deodorizer distillate is removed from the dry ice trap. 

Normally, analyses for phosphorus,  iron, peroxide 
value (PV) and free f a t ty  acid (FFA) are performed on 
all oils before and after  deodorization (11). Color of the 
deodorized oils is determined (11). Finished oils are 
evaluated for initial flavor and flavor stabil i ty (12). 

RESULTS AND DISCUSSION 

Soybean oil, corn oil, cot tonseed oil and jojoba wax 
esters have been processed successfully in the contin- 
uous  deodor izer .  Only  the  r e su l t s  ach ieved  wi th  
soybean oil are given here for illustration. Varying 
tempera tures  between 200 C and 260 C (Table 1) had 
no significant effect on flavor of the oil but  dramati- 
cally affected its color. These color differences are 
shown in Table 1. As expected, the highest  tempera- 
ture (260 C) produced the l ightest  oil (13). According to 
the l i terature (2), an acceptable deodorized soybean oil 
would have  a color of 10Y 0.7R or l ighter .  Our 
appara tus  produces an acceptable oil color at  tempera- 
tures between 230 C and 260 C with 1% to 3% steam 
flow at  0.4 to 1.0 torr  vacuum. 

Vegetable oils ex t rac ted  by  hexane and by  super- 
critical carbon dioxide (SC-CO~) were processed to 
finished deodorized oils, analyzed, and evaluated by  a 
flavor panel. SC-CO2 ext rac ted  oil was divided into 
two portions; one port ion was mixed with Celite ® and 
filtered, bu t  there was no pre t rea tment  of the second 
portion. The oils were again divided into two portions, 
so tha t  a total  of four deodorizations was performed. 
All oils were t reated with Tenox 20 (Eastman Chemical 
Co.). Resul ts  of chemical analyses  of finished oils 
processed from SC-CO2 ext rac ted  crude oils were not  
s ign i f ican t ly  d i f ferent .  The re  were no s ign i f ican t  
differences in flavor evaluation due to the extract ion 
process for soybean, corn and cot tonseed oils. Table 3 
shows the  resul ts  of f lavor  eva lua t ion  of SC-CO2 
ex t rac ted ,  l a b o ra t o ry  deodor ized  soybean  oil and 
commercial  refined-bleached-deodorized soybean oil. 
There was no significant difference between flavor 
scores of the commercial oil and the four oils ext rac ted  

TABLE 1 

Effect of Deodorization Temperature on Color of Soybean Oil a 

Temperature (°C) Lovibond Color 

Starting Oil b 50Y 3.5R 
200 35Y 0.7R 
230 10Y 0.3R 
240 6Y 0.2R 
260 4Y 0.2R 

aDeodorization conditions, 0.4-1.0 torr, 1-3% steam flow, 1.0 
ml]min oil flow rate. 
bRefined-bleached commercial oil. 

TABLE 2 

Analyses of Continuously Deodorized Soybean Oil Extracted 
with Supercritical CO~ a 

Celite-Filtered No Treatment 

P.V. (meq/kg) 0 0 0 0 
FFA (%) 0.06 0.05 0.05 0.06 
Phos (ppm) 0.3 0.2 0.2 0.1 
Fe (ppm) 0.62 0.60 0.57 0.70 
Color 9Y OAR 10Y OAR 10Y 0.1R 10Y 0.5R 

aDeodorization conditions, 260 C, 0.4-1.0 torr, 1-3% steam flow, 
1.0 ml/min off flow rate. 
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TABLE 3 

Flavor Evaluation of Continuously Deodorized Soybean Oil 
Extracted with Supereritical CO2 a, b 

Storage at 
60 C (days) 

Deodorized CO2 Extracted Crude 
Commercial Oil CeliteFiltered No Treatment 

0 7.1 7.4 8.0 6.8 7.1 
4 6.0 5.6 6.7 6.1 6.0 

aRating scale of 10: 1, strong; 10, bland. 

bDeodorization conditions, see Table 2. 

with SC-CO~. Thus, steam deodorization of SC-CO2 
extracted crude soybean oil, without  any prior refining, 
produces oil equivalent to commercially deodorized 
oils. 

L a b o r a t o r y  con t inuous  deodor izers  of the type  
described here have several useful applications. They 
can be incorporated into a minirefinery (14) which more 
nearly simulates industrial practice, they serve as a 
means of tes t ing transducers  and sensors for computer  
control applications (15,16), and they can be used to 
produce research-sized samples for organoleptic eval- 
uation of oils. 
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 Fiow of Vegetable Oil-Pesticide Blank-Formulation Mixtures 
through Agricultural Spray Nozzles' 
R.W. Whitney, L.O. Roth and T.L. Underwood 
Agricultural Engineering Department, Oklahoma State University, Stillwater, OK 74078 

Properties of specific gravity, viscosity and flow rate 
were measured for cottonseed and soybean oil mixed 
with selected blank pesticide formulations without the 
active ingredient, i.e., blank-formulations. Fluid tem- 
perature ranged from 5 to 70 C for the measurements. 
Specific gravity of soybean oil mixtures was found to 
vary approximately 5% inversely with temperature 
over the temperature range. Above 65 C the mixtures 
exhibited approximately the same viscosity. Cotton- 
seed oil viscosity remained less than the soybean oil 
v i scos i ty  over the  entire range of temperatures 
studied. Addit ion of blank-formulation materials 
resulted in more reduction in v iscos i ty  at lower 
temperatures. Flow rates were measured over the 
temperature range for selected mixtures through 
different sizes and types of hydraulic spray nozzles. 

1This is Journal Paper No. 4396 of the Oklahoma Agricultural 
Experiment Station. 

Fitted equations were derived to predict the necessary 
pressure correction for temperature for each nozzle and 
mixtures tested. 

The potential for reducing the diluent application rate 
while maintaining pesticide efficacy has resulted in 
widespread use of vegetable oils as a carrier. I t  is 
est imated that  about  125 million 1 per yr  of vegetable 
oil could be used on soybeans and cot ton for insect 
control alone {1). Such large scale use and relatively 
rapid adaptat ion of vegetable oil as a diluent for use in 
equipment designed primarily for water has prompted 
the investigation reported in this paper. 

EQUIPMENT AND PROCEDURE 

The ob jec t ive  was  to  measu re  se lec ted  phys ica l  
properties for several vegetable oil tank mixes tha t  
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