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PROCESSING 

Processing with ultrasonic energy 
The following article reviews research on the possible use of ultrasonic 
energy to improve or enhance agricultural processing. I t  was written 
by Karl J. Moulton Sr., retired chemical engineer, Vegetable Oil Re- 
search, U.S. Department of Agriculture's Northern Regional Research 
Center, Peoria, Illinois. 

In today's world, we all have heard 
and used the terms "sonic," "ul- 
trasonic," "ultrasound" or "ultra- 
sonic energy." In the past 20 years, 
we've come to recognize everyday 
applications of ultrasonic energy, 
such as imaging a baby in the 
mother's womb, exciting fluids to 
clean jewelry, welding plastics to 
form bags and containers, and de- 
gassing liquids. Scientists in the 
late 19th century little realized the 
industrial potential of their discov- 
ery that very fine particles could 
be agglomerated into larger parti- 
cles by applying ultrasonic energy. 

In the 1960s, scientific appli- 
cations of ultrasound were recon- 
sidered practical after several proc- 
esses-such as dust precipitators-- 
failed because they were carried out 
mostly in the audible range. Sound 
generators  since then have im- 
proved and today we have more 
powerful and more efficient piezo- 
electric transducers. Now, an ul- 
trasonic power supply transforms 
conventional line voltage to 20 kHz 
high-frequency electrical energy, 
and offers variable power control, 
automatic amplitude compensation 
and automatic frequency control. 

The scientist can optimize a de- 
sired reaction by establishing lim- 
its of ultrasonic power input, tem- 
perature, pressure and flow rate in 
a reaction vessel. Ultrasonic action 
is the result  of a phenomenon 
known as cavitation, the making 
and breaking of microscopic bub- 
bles. The collapse of these minute 
bubbles produces localized shock 
waves, reported to be up to 20,000 
atmospheres, sufficient to do use- 
ful work. Forces are great enough 
to literally tear molecules from the 
surface of hard materials. Local- 
ized heat also is generated which 
can initiate some reactions. 

With very little imagination, 
one can visualize applications that 

can be improved by using ultra- 
sonic energy. This article reviews 
research which used ul trasonic 
sound to extract protein or oil and 
to degum or hydrogenate oil. Sev- 
eral unreported, potentially feasi- 
ble oil processes are suggested. 

Oil extraction 
In 1967, Schurig and Sole (1) re- 
ported the use of ultrasonic energy 
to extract cottonseed oil with ethyl 
alcohol. The authors studied one 
batch and four configurations of a 
stationary seedbed continuous sys- 
tem. The batch system was unsuc- 
cessful. A surface~mounted trans- 

ducer in the continuous system im- 
proved mixing of the miscella and 
oil within the seed and gave high 
rates of extraction. However, the 
ultrasonic action was hindered in 
one configuration in which the sta- 
tionary seedbed was resting on the 
transducer. 

Soybean protein extraction 
Isolated soy protein (ISP) usually 
is produced commercially from de- 
fatted soy flakes in batch-stirred 
tanks. Sixty percent of the total 
protein in the defatted flakes is re- 
covered after 40-50 minutes' batch 
extraction of flakes with an aque- 
ous solvent. In 1982, Moulton and 
Wang reported continuous ultra- 
sonic extraction of soy protein as 
an alternative process to produce 
ISP from defatted soybean flakes 
(2). (Continued) 
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FIG.  1. Pilot-plant production of isolated soy protein (ISP) from defatted, low- 
temperature  deso|ventized soybean flakes. 
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FIG. 2. Flow diagram for slurry hydrogenation of soybean oil with and without the 
use of ultrasonic power. 

In the continuous process (Fig. 
1), defatted soy flakes were metered 
(A and B) to combine with solvent 
(water or aqueous alkali) and 
pumped (C) into a small, stirred 
vessel (D). The flake/solvent slurry 
was then pumped (E) through the 
ultrasonic processing cell (F) and 
discharged onto a vibrating screen 
(G). Filtrate, containing peptized 
protein, passed through the screen 
and flowed to a centrifuge (H). The 
supernatant was sent to a stirred 
vessel (I) where foodgrade acid was 
added to precipitate the ISP, which 
was then separated (J) from the 
whey and freeze-dried (K). Ultra- 
sonic energy was applied to the 
flake/solvent slurry in the process- 
ing cell using a 550-watt, 20 kHz 
power supply (Branson Ultrason- 
ics Corp., Danbury, CT). A 1:1.5 
booster horn between the converter 
and the 1-inch diameter titanium 
processing horn increased the lon- 
gitudinal mechanical vibrations of 
the horn by 50%. 

A batch 800-watt sonic clean- 
ing tank was charged and operated 
with 50 grams (dry basis) of defat- 
ted flakes and 500 grams of tap 
water for comparison with the con- 
tinuous ultrasonic process. Samples 
were withdrawn from the tank af- 
ter sonicating for 2.5, 5 and 60 min- 
utes. The batch ultrasonic extrac- 
tion for 60 minutes required 250 

times more energy than the con- 
tinuous ultrasonic process to ex- 
tract an equivalent amount of pro- 
tein in 2.5 minutes. The flakes/ 
solvent slurry was pumped in con- 
tinuous flow through the ultrasonic 
processing cell without separating, 
foaming or biodegrading--which 
sometimes occur in conventional 
long-term batch reactions. 

Oil h y d r o g e n a t i o n  
For the past 70 years, vegetable 
oils have been hydrogenated com- 
mercially in batch converters re- 
quiring extensive heat, power and 
manpower. Continuous systems, 
either constant flow or in stages, 
generally have been unsuccessful 
because of back-mixing and low se- 
lectivity. 

In 1983, Moulton and col- 
leagues (3) reported the continu- 
ous hydrogenation of soybean oil 
using an ultrasonic processing cell 
with an exposed transducer within 
the cell. A slurry of copper chro- 
mite catalyst (1%) or nickel cata- 
lys t  (0.01%) and refined and 
bleached soybean oil was pumped 
through a preheater and ultrasonic 
processing cell to a receiver (Fig. 
2). Ultrasonic energy was produced 
by a 550-watt, 20 kHz power sup- 
ply to a 1-inch diameter titanium 
processing horn inserted in the stain- 
less steel high-pressure processing 

cell. Although a search of the lit- 
erature indicated chemical reac- 
tions could be enhanced with the 
application of ultrasonic energy, 
water or a low vapor-pressure sol- 
vent was required. The authors 
found that soybean oil could be hy- 
drogenated rapidly with ultrasonic 
energy in a three-phase (liquid oil/ 
H 2 gas/solid catalyst} nonaqueous 
system. The catalyst activity did 
not significantly improve at hydro- 
genation pressures of 200 psig and 
greater. However, with copper chro- 
mite ca ta lys t  at 115 psig and 
181~ soybean oil was selectively 
reduced to an oil with 1.0% triene 
in nine seconds. Although the lino- 
lenate selectivity by the process 
was lower 15 to 7), compared with 
that by a conventional batch hy- 
drogenation I10), it was consider- 
ably better than the selectivity (1 
to 2) by commercial hydrogenation 
of soybean oil with nickel catalyst. 

In 1987, Moulton and col- 
leagues (4) reported on the parame- 
ters of continuous ultrasonic hy- 
drogenation that influence the qual- 
ity of the resulting products. The 
effects of varying ultrasonic power, 
temperature, pressure and concen- 
tration of nickel catalyst were stud- 
ied. Test oils were compared with 
each other and with commercially 
hydrogenated soybean oil by an ex- 
perienced taste panel. The process- 
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FIG.  3. F lowshee t  for the continuous ultrasonic hydrogenation of soybean oil. 

ing system (Fig. 3) was similar to 
the system previously reported, 
with modifications to permit bet- 
ter temperature control and meas- 
urement.  The same ultrasonic 
power supply and processing cell 
were used. An amplitude-decreas- 
ing (1:0.4) booster horn was used 
and thermocouples were inserted 
in the inlet line (TC I) directly un- 
der the processing horn (TC R) and 
in the outlet line (TC O). As before, 
1/ydrogen and catalyst/oil slurry 
was introduced coaxially beneath 
the processing horn (G). Continu- 
ous ultrasonic hydrogenated test  
oils were prepared by varying tem- 
perature (270 and 290~ pressure 
(65 and 106 psig), catalyst concen- 
tration (40, 80, 120 and 150 ppm 
Ni) and ultrasonic power level (100, 
40 and 0% of full power). Residence 
time in the reactor was nine sec- 
onds. Also, the same lot of refined 
and bleached soybean oil was batch- 
hydrogenated in a stirred autoclave 
at the same temperature and pres- 
sure for nine seconds and 480 sec- 
onds to produce oils to compare 
with continuous ultrasonic hydro- 
genated otis. By accurate measure- 
ment of reaction temperatures, the 
authors were able to attain re- 
producible hydrogenation condi- 

tions and determine the effect 
of only the ultrasonic action on 
the hydrogenation rate. I t  was 
surprising to observe lower spe- 
cific power (watts/IV) when the 
ultrasonic power was lowered from 
full power to 40% oi full power. 

The flavor of post-bleached and 
deodorized oils of similar composi- 
tion, hydrogenated continuously 
with and without ultrasonic energy, 
batch hydrogenated and commer- 
cially hydrogenated, were evaluated 
by an experienced taste panel. In- 
itially all oils were rated as good 
quality. After storage for eight 
days at 60~ however, flavor 
scores of commercially hydrogen- 
ated oils were significantly lower 
than oils hydrogenated continu- 
ously with ultrasound. 

In 1988, Covey and colleagues 
(5) successfully hydrogenated re- 
fined and bleached soybean oil with 
ultrasonic energy produced by a 
375-watt power supply in a spe- 
cially designed batch reactor. The 
bottom of the reactor could be 
moved to change the reactor vol- 
ume, thus changing the distance 
ultrasonic waves traveled in the oil. 
The reactor was heated by immer- 
sion in a temperature-controlled oil 
bath. The hydrogenation rate in the 

smaller volume reactor was about 
five times faster in the presence 
of ultrasonic energy at 170~ and 
0.02% nickel catalyst, depending 
on the hydrogen pressure, than in 
a conventional stirred-batch reac- 
tor. 

Crude oil degumming 
Phospholipids are difficult to re- 
move from crude soybean oil with- 
out prior chemical treatment or pre- 
treatment and without causing en- 
vironmental problems. Figure 4 com- 
pares current acceptable methods 
to refining crude oil with a pro- 
posed continuous ul trasonic 
method. 

Chemical refining involves treat- 
ing the crude oil with NaOH to 
remove free f a t t y  acids and 
phosphatides. The refined oil must 
be washed and dried; the soapstock 
mus t  be t rea ted  fur ther  and 
washed. Usually a batch process, 
chemical refining is energy- and la- 
bor-intensive. Treatment of the 
waste caustic water, waste acid and 
waste acid water must be done to 
minimize environmental pollution. 

Physical refining eliminates 
some of the problems resulting 
from the chemical refining process. 
However, to be effective, crude soy- 
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bean oil must be pretreated with 
H3PO 4 to condition the phospha- 
tides in the crude oil so that they 
are effectively hydrated with water 
later. Degummed oil from the physi- 
cal refining process must be washed 
to rid the oil of residual H3PO 4, 
which causes a "melon" flavor in 
the final product. Like chemical re- 
fining, physical refining is usually 
a batch process and is energy- and 
labor-intensive. 

Continuous ultrasonic degum- 
ming, as described by Moulton and 
Mounts (6), eliminates the problems 
resulting in the chemical and physi- 
cal refining processes. Simply, 
crude soybean oil was continuously 
combined with nearly stoichiomet- 
ric amount of water just prior to 
contacting the ultrasonic process- 
ing horn. Heating the crude oil was 
not required. Alkali or acid treat- 
ment of the crude oil was not re- 
quired. The oil-hydrated gums were 
then centrifuged, without cooling 
or drying, to separate degummed 
oil from the gums. The ultrasonic 
degummed oil was ready for bleach- 
ing without drying {since the water 
used was combined with the gums}. 
The gums were ready for process- 
ing into lecithin products. 

The continuous ul trasonic 
degumming process equipment  
(Fig. 5) consisted of a 750-watt, 20 
kHz power supply (Branson Ultra- 
sonics Corp., Danbury, CT), con- 
verter, 1:0.5 booster horn, 1-inch 
diameter titanium processing horn 
and stainless steel high-pressure 
processing cell. A diagram of the 
processing cell (Fig. 6) shows the 
design of the processing cell and 
the flow of oil/water through it. As 
with the continuous ultrasonic hy- 
drogenat ion process described 
above, thermocouples were located 
strategically to measure tempera- 
tures of the inlet oil, oil in the reac- 
tion zone and the exit oil. With a 
good (low phosphorus) crude oil, 
99% of the original phosphorus was 
removed at 40~ in 0.8 of a sec- 
ond. Degumming continuously with 
ultrasonic sound was five times 
faster than batch degumming to 
achieve the same degree of phos- 
phorous removal. Furthermore,  
batch degumming also requires 
time to charge and discharge the 
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FIG.  4. Comparison of existing chemical refining process, existing physical refining 
process and proposed continuous ultrasonic degumming process. 

Ultrasonic Power Supply (750 W, 20 kHz) 
f I I "---Coo,n0 A+r 

--~ ~ ~ Converter 
cleJ J I Degummlng 
I I J 1/Agent ~--Booster Horn 

Processing Cell 
/ ~ ~t ~ ~ - ~  Pr~176 

Block Check Heating Tape Heater Valves T " - - I I I I I 1 ~  

+l; (TC ~l I II Check I II Valve 
Thermocouple ~ ~ U 

(TC R) 

Nitrogen 

FIG. 5. Flow diagram showing equipment used for continuous ultrasonic degumming 
of soybean oil. 

vessel, to heat the oil to degum- 
ming temperature and to cool the 
product. 

Of course, for complete satis- 
faction, the final deodorized oil from 
continuous ultrasonic degumming 
must be as good or better than an 

oil produced by chemical or physi- 
cal refining methods. In this study, 
freshly deodorized ultrasonic and 
batch degummed oils and the same 
oils s tored four days at 60~ 
showed no significant flavor differ- 
ence. (Continued) 
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Potent ia l  use  in agricultural  proc- 
e s s e s  
Ultrasound use may  offer an im- 
proved or more efficient solution 
to inherent and somet imes  mount-  
ing problems encountered in proc- 
ess ing agr icul tura l  products .  For  
instance, continuous ultrasonic ex- 
t ract ion of oil f rom oilseeds, incor- 
pora t ing  the new ultrasonic piezo- 
electric transducer,  appears  to be 
feasible in much the same manner  
as tha t  used to ex t rac t  protein from 
soy flakes. Perhaps  different and 
safer  so lvents  can be successful.  
Since alkali or H3PO4 in conven- 
t i ona l  r e f i n ing  of oils m u s t  be  
washed from the oil product,  con- 
t inuous ultrasonic washing offers 
a practical  solution. 

Ultrasonic cavi tat ion may  im- 
prove contact  of oil with bleaching 
ear th  and the adsorpt ive ability of 
the earth.  By choosing the proper 
flow rate, temperature ,  ultrasonic 
power and ampli tude (booster horn 
selection), continuous rapid decol- 
orization and removal  of peroxides 
f rom the oil should be possible.  
Also, u l t rasound may  assis t  the rec- 
l amat ion  of spent  ca t a ly s t s  and 
spent  bleaching clay. 

Cavitat ion occurs when a sound 
wave,  t r a n s m i t t e d  t h rough  a liq- 
uid, reduces the absolute pressure 
below the vapor  pressure of the liq- 
uid. Stat ic  pressure in a reactor  is 
the mos t  impor tan t  factor  because 
it is the difference between stat ic  
p ressure  and the v a p o r  p ressure  
tha t  determines the peak  force of 
the shock waves. For this reason, 
it seems difficult to achieve deacidi- 
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FIG.  6. Schematic  of ultrasonic processing cell. 

f icat ion/deodorizat ion with  ul tra-  
sound at  the same reduced pres- 
sure cur ren t ly  used. However ,  if 
deodorization could be achieved con- 
tinuously, quickly and at  low tem- 
perature,  it would be worth  the re- 
search effort. 
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