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Fie. 5. Phase transition points for soaps of various moisture
contents shown by eleetrical resistance values. (I, Mun, ete.,
refer to corresponding points in Figure 2.)

seem to indicate phase transitions at about 50° and
40°C., which were not found by McBain.

Thiessen and Stauff (5) have noted that there are
phase changes near the melting point of the constitu-
ent fatty acids in a soap and have named this the
‘“‘genotypic point.”” Since fatty acids in commercial
soap have a melting point around 40°C., the hori-
zontal line at this temperature in Flgure 5 may be
the ‘“genotypic point.”’

Studies with single pure soaps (7) have shown that
transition points are practically independent of water
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content. For the sodium soaps of lauric to stearie
acids, conductivity decreased to a minimum between
80° and 90°C., after which it started to increase again.
This effect was independent of the kind of fatty acid
or water content. It appears that these effects may
predominate at around My of Figure 2.

Summary

Electrical resistance values are reported for soaps
of various moisture contents. Marked changes in re-
sistance were found at 40-50°C. Below this temper-
ature the logarithm of conduectivity is a linear fune-
tion of inverse temperature, and the slope of the curve
is practically independent of water content. Above
40° resistance is markedly affected by the water con-
tent of the soap. For soaps containing 12-309% water,
heating and cooling curves show definite maxima and
minima in electrical resistance values. This effect is
less obvious in soaps containing more than 309 water.
The phase transition points estimated from resistance
measurements are in good agreement with those de-
duced from other physical measurements.
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Flash Desolventizer Operation to Produce Soybean

Protein Flakes

O. L. BREKKE, G. C. MUSTAKAS, M. C. RAETHER, and E. L. GRIFFIN,

Northern Regional Research Laboratory,” Peoria, Illinois

OYBEAN PROTEIN FLAKES are useful for many in-

dustrial applications, for example, in preparing

plywood or paper-coating adhesives. However
flaked, hexane-extracted soybeans are not suitable un-
less precautions are taken to minimize denaturation
because of heat treatment incurred in the desolventiz-
ing operation. Previous results obtained by Belter
et al. with a flash desclventizer indicated that such a
unit is well suited to hexane removal without exten-
sive protein denaturation (2). However the effects
of process variables were not studied ; moreover aged
soybeans with partially denatured protein were used.
The present investigation was undertaken to establish
desirable process conditions for flash desolventizing
hexane-extracted flakes without significant protein
denaturation. Soybeans from a current harvest were
used.

The flash desolventizer proecess employs superheated
vapors in direct contact with solvent-wet feed to pro-

1 Presented at the meeting of the American ©il Chemists’ Soclety,
Memphis, Tenn., April 21-23, 1958,

2This is a laboratory of the Northern Utilization Research and De-
velopment Division, Agricultural Research Service, United States De-
partment of Ag'rzculture

vide the heat required for vaporization of solvent and
to convey solids through the desolventizing tube to a
cyclone separator. A major portion of these vapors
is reheated and recycled, and the remainder is sent
to a condenser. This desolventizing process combines
certain features of a horizontal, vapor type of desol-
ventizer (4) with those of a flash or pneumatic con-
veying drier.

The performance of a flash desolventizer is deter-
mined by several factors that control the heat transfer
rate and consequently the rate at which entrained sol-
vent is vaporized. One of the most important is the
direct contact obtained between solids and superheated
vapors whereby the flakes’ extensive surface area is
fully used for heat transfer. Turbulent vapor flow
in the desolventizing tube and a high temperature
differential at the solids inlet also increase the rate.
As the solids are simultaneously dried and carried
to the eyclone separator, the temperature differential
progressively decreases. Meanwhile solvent and mois-
ture evaporating from the solids moderate the lat-
ter’s temperature rise. The high heat-transfer rate,
combined with the thin flakes, permits rapid solvent
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removal while subjecting the solids to elevated tem-
perature for only a few seconds. By cooling imme-
diately, damage to the heat-sensitive proteins is held
to a minimum. In the flash desolventizing system a
high degree of solvent removal is obtainable even
though the solvent is vaporized into an atmosphere
of its own vapor.

Materials and Equipment

Cleaned soybeans, No. 1 grade, Clark variety, of
seed quality from the 1957 crop were processed one
to three months after harvest. They were conditioned
to 11% moisture, cracked, partially dehulled, heated
under mild conditions, and flaked in pilot-plant prep-
aration equipment. The flakes averaged 9.59% mois-
ture and 0.009 in. thick with a standard deviation
about 0.003 in. They were extracted with commer-
cial hexane (b.p. 150-160°F.) in a continuous coun-
tercurrent extractor to a residual oil comtent of 1.3
to 0.4%, depending upon the solids feed rate. The
extracted flakes were drained about 90 sec. on an
inclined drag conveyor to 35409 total volatiles,
transported by a 4-in. serew conveyor, and discharged
through a choke feed into the solids inlet of the flash
desolventizer.

A flow diagram for the flash desolventizer is shown
in Figure 1. The ductwork for the system consisted
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of 3-in. i.d. galvanized-steel tubing, which formed a
closed eircuit with a 250-efm. turboblower, a single
pass shell-and-tube heat exchanger, and a 20-in. diam-
eter cyclone separator. A conventional 3-in. sheet
metal tee was used as the solids inlet in the duet,
and the distance to the eyclone was 24 ft. A 3-in.
gate valve in the blower suction line controlled the
recycle vapor flow. Vapors to the condenser were
withdrawn on the discharge side of the blower. De-
solventized solids, at temperatures of 160-230°F.,
were discharged from the hot cyclone separator
through a rotary feeder valve directly into a cool air
stream. This air stream provided rapid cooling to
minimize heat-induced protein denaturation and si-
multaneously conveyed the produet through 30 £, of
4-in. o.d. duct to another cyclone separator. The in-
stallation’s evaporative capacity was approximately
73 1b. of hexane and 314 1b. of water per hour when
operated with a recycle vapor temperature of 310°F.
and a vapor velocity of about 66 ft./sec. The vapor
transport lines, blower, and cyclone separator were
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wrapped with steam tracer copper tubing and cov-
ered with magnesia insulation.

Experimental Operation

Equilibrium test periods were either 1 or 14 hr. in
length after steady-state conditions were reached,
based upon recorded vapor temperatures at the ey-
clone inlet and outlet and the solids inlet. The
equipment responded quickly to any changes, and
often only 15-30 min. were required to reach equi-
librium. A valve in the vapor take-off line wags throt-
tled to maintain essentially atmospheric pressure at
the solids inlet as measured by a water manometer.
This pressure fluctuated about = 2 em. A small
stream of carbon dioxide gas was introduced into
the side port of the solids inlet tee to minimize entry
of superheated vapors into this port because, upon
condensation, these vapors interfered with proper
feeding of the solids, increased the desolventizer load,
and induced additional protein denaturation because
of the higher moisture level. With a suitable feeding
device this gas stream is not needed. Steam at 120
p-s.i.g. was used in all tracer lines with the exception
that none was used for the desolventizing duect, and
the pressure in those wrapped around the hot cyclone
separator was reduced to 15 p.s.i.g. to approach adi-
abatic conditions.

Vapor velocity measurements were made with a
Pitot tube. To determine the recyele vapor composi-
tion, hexane and water were condensed from a sample
of the hot vapors, and an Orsat analysis was then
made of the noncondensable portion. A composite of
samples taken hourly of the extractor feed was used
for the moisture and Nitrogen Solubility Index (NSI)
determinations. The decrease in NSI values in sub-
sequent processing steps was used to measure the
extent of profein denaturation. Spot samples for
analysis were taken of the extracted, drained flakes,
and of desolventized solids from just below the rotary
valve and after the air cooler. The hot desolventized
solids collected for NSI determinations were rapidly
cooled on a metal tray.

Desolventized solids temperatures were measured
below the rotary valve by a thermocouple in a cup
arranged for external manipulation.

Total volatiles determinations, ¢.e., for moisture and
solvent (M&VM), were made by the A.O.C.S. Official
Method BA-2-38. NSI valués were obtained by a
modifieation of the method of Smith and Circle {5)
with the water-solids mixture agitated for 2 hrs. in a
25°C. constant temperature bath with flat-blade pad-
dles driven at 125 r.p.m.

The residual hexane content was estimated by a
spectrophotometric method, based upon absorption in
the ultraviolet by benzene, which appeared as a con-
taminant in the hexane. The absorption determina-
tion was made on an isoc-octane solution used to
extract hexane and benzene from the solids. The
method was ecalibrated against samples containing
known amounts of hexane.

The effects of recycle vapor temperature, recycle
vapor velocity, and solids feed rate were studied.
Recycle vapor temperatures were varied between

225° and 310°F., vapor velocities of approximately

45, 55, and 66 ft./sec. at the solids inlet were used,
and flaked soybeans were fed to the extractor at rates
from 50 to 200 1b./hr. The feed of de-oiled, solvent-
wet flakes to the desolventizer is calculated to be
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about 18% more than these rates. Moisture content
of the extractor feed was maintained essentially con-
stant, and the length of the desolventizing tube was
not changed for these tests.

The lowest vapor velocity used was the minimum
observed to prevent momentary deposition of solids
at the solids inlet. The highest velocity was obtained
with the 3-in. gate valve set wide open.

Results and Discussion

Total volatiles in the hot desolventized solids varied
between 2.4 and 9.7%, depending upon processing
conditions. Correlation between M&VM and solids
temperature is shown in Figure 2. At low feed rates

CORRELATION BETWEEN TEMPERATURE OF
DESOLVENTIZED SOLIDS AND THEIR VOLATILE CONTENT

— ~
10 C\OL“Q
(-8 5
9 \\‘ .A Om\\*

8 S8 29
\‘:\\/
% 7 ~, [ D,
- RS N
- ~, NG

~
s o S ~Ex
sl + 50 b [he, bigh vel. Ve ‘ﬁﬂ«z
> *75 o D228 S
S g}~ ®100 ° P“A:\s (] ~~\
R o 100 low - Kf@‘s S
T gl eis0 high Fas X ~
® 150 inter. ~\~ *
2k o150 - low *e
4 200 high
I~ az200 - low
0 | L | | | ]
150 160 170 180 190 200 210 220
TEMPERATURE, °F.

Fi1a. 2. Correlation between desolventized solids temperature
and total volatiles content.

the solids were dried much more than necessary. As
the feed rate was increased, the desolventizer work
load and moisture and volatiles content of the product
naturally increased. For the 200 lb./hr. rate the total
of volatiles was about 9%, which is slightly higher
than desired as will be shown later. For a given solids
temperature, the expected range in M&VM is repre-
sented by the heavy, broken lines, parameters A and
B. Within this range the volatile content is influ-
enced by vapor velocity, vapor temperature, and sol-
ids feed rate. The three solid lines represent results
obtained at a solids feed rate of 150 1b./hr. with vapor
velocities of 66, 55, and 45 ft./sec. For a given recycle
vapor temperature the greatest amount of evaporation
naturally was obtained at the highest velocity. As the
veloeity was decreased to 55 and then to 45 ft./sec.,
the total volatiles increased an approximate 0.75%
in each case. For each of the three solid lines, the
point lying on parameter A represents a recycle vapor
temperature of 305°F. Other points on the 66 ft./
sec. line represent progressively decreasing vapor tem-
peratures of 270, 250, and 230°F. In this case a 75°F.
decrease in the recycle vapor temperature resulted in
an approximate 2% inecrease in the total volatiles. A
shorter temperature range was covered with the other
velocities.

Of particular importance is the residual hexane
content of the hot desolventized solids. The correla-
tion with temperature is represented in Figure 3,
and with M&VM in Figure 4. Optimum conditions
for hexane removal were obtained by heating desol-
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Fig. 3. Correlation between desolventized solids temperature
and residnal hexane content. {Legent for symbols same as
Fig. 2.)

ventized solids to about 170°F. and reducing their
M&VM to about 7.5%. Further removal of vola-
tiles resulted in little additional hexane removal.
About one-half of the desolventized solids gave posi-
tive results in a so-called ‘‘pop’’ test, but the results
did not correlate with the residual hexane analysis.
No study was made of the means for removing the
0.3% or so of residual solvent.

The influence of solids feed rate upon total vola-
tiles of the desolventized solids can be seen in Figure
5. With the highest vapor velocity and an inlet vapor
temperature of 300-310°F. the total content of vola-
tiles gradually inereased from 2.4 to 6.6% as the
solids rate was increased from 50 to 200 lb./hr. A
comparison of curves I, II, and III indicates that
changing the vapor velocity about 20 ft./sec. has as
much influence upon removal of volatile matter as a
75°F. change in the vapor temperature.

A correlation between inlet vapor temperature and
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the temperature differential between outlet vapors
and desolventized solids is shown in Figure 6. While
this correlation applies only to our installation since
such a change as using a longer desolventizing tube
undoubtedly would have decreased the temperature
differential, correlations of this type can be used for
design purposes. It may be noted that vapor velocity
and solids feed rate had no influence on differential.

Approximately two-thirds to three-fourths of the
over-all temperature drop for the vapors occurred in
the desolventizing duet and the remainder in the
cyclone. Thus a major portion of the evaporation
occurred in the duct, and much of it undoubtedly.
oceurred near the solids inlet.

In any pneumatic conveying operation some atiri-
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ture, and velocity upon moisture and volatile matter in desol-
ventized solids. (Legend for symbols same as Fig. 2.)

tion can be expected. Because soybean flakes are fri-
able, some grinding naturally occurs. The extent to
which the solids are reduced in size is shown by the
sieve analysis in Table I. For this test the extractor
was operated at a solids feed rate of 200 1b./hr., and
the desolventizer was operated at the highest vapor
velocity and an inlet vapor temperature of 265°F. The
data indicate appreciable breakage of the flakes into
particles that pass a 20-mesh sieve but only a small
increase in material passing a 200-mesh sieve. This

TABLE 1
Sieve Analysis of Desolventizer Solids

Cumulative % retained
U, 8. standard
sieve number Feed

Solids from
hot cyclone

7.0 0
43.2
74.0
90.4

attrition causes no disadvantage when the soybean
protein flakes are ground before being used, as is the
~normal case.

The average NSI value for spent flakes entering the
desolventizer was 91.5%. Product NSI values for
material desolventized at maximum flake temperatures
between 160 and 190°F. (6 tests) and pneumatieally
cooled ranged between 87 and 929% and averaged
89.4% for an over-all average loss of about 2.1 NSI
units. This decrease is about the same as that re-
ported for commercial soybean processing operations
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wherein a horizontal, vapor type of desolventizer was
employed (3). When high-solubility protein flakes are
desired, this desolventizer is followed by a deodorizer
operated under vacuum (1).

Attempts were made to correlate the produet NSI
values with volatiles content and temperature of the
flash-desolventized solids, inlet and outlet vapor tem-
peratures, hexane/water ratio for the recycle vapors,
and vapor velocity, but no consistent correlation could
be obtained. Certain data indicate that the NSI value
decreases roughly one percentage point for every
10°F. rise in the desolventized solids temperature be-
tween 160° and 190°F. There is also some indication
that the NSI value decreases as water vapor content
of the recycle vapors increases, but this effect was
not fully established. Material sampled before the
pneumatic cooler had NSI values averaging 0.7 unit
higher than the product.

In all this work some air was drawn into the system
through the rotary valve below the hot vapor sepa-
rator although the vacuum in the eyclone seldom ex-
ceeded 20 em. of water. The resultant concentration
of reecycle vapor noncondensables varied from 159
for the highest solids feed rate to 60% for the lowest.
A limited number of tests were made to learn the
effect of changing the system’s pressure level fo elimi-
nate entrance of air. Both vapor and solids temper-
atures rose immediately, and the recycle vapor non-
condensable content dropped to 1-3%. Temperature
of the desolventized solids increased 15-18°F., and
of the outlet vapors 10-15°F. A variation in solids
feed rate had no apparent influence on this tempera-
ture rise. Operation under this pressure also in-
creased total volatiles in the desolventized solids by
approximately 1% and residual hexane content by
0.15-0.20%.

In these same tests the produet NSI value decreased
about seven rather than the expected two units. Part
of this additional denaturation was attributed to the
solids being heated to 205-220°F., which is rather
high. When the solids temperature was lowered to
190°F. in one test, the NSI value showed a decrease
of a little more than three units. The lower solids
temperature undoubtedly was a contributing factor,
and the presence of less steam in the recycle vapors
possibly also minimized denaturation.

A few tests were made with one-year-old soybeans
from the 1956 crop. These naturally were a little
lower in their initial NSI value, but the actual NST
decrease was comparable to that obtained when using
beans from the 1957 crop. The degree of solvent re-
moval also was not affected by age of the beans.

Costs

Table II lists the equipment required for flash
desolventizing and cooling operations in a solvent-
extraction plant which processes 100 tons of soybeans
daily into soybean protein flakes. For this estimate
the following assumptions were made. Desolventizer
feed contains 7.5% moisture and 35.0% hexane, and
the product 7.2 and 0.3%, respectively; vapor veloc-
ity at solids inlet, 100 ft./sec., recycle vapors enter
the desolventizing zone at 345°F. and leave the cyeclone
separator at 230°F. For every pound of volatiles-
and oil-free solids, 4.55 lbs. of recyecle vapors are used,
a ratio that is in the range employed for some pneu-
matic conveying driers. For the cooling operation it
was assumed that solids are cooled from 180° to
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TABLE II
Estimated Tnvesiment Cost of Flagsh Desolventizer and Cooler

Estimated
delivered
cost#

Equipment

Desolventizer Unit—Total cost $15,000
Superheater: steel tubes and shell, fixed tube sheet, 300-1b.
working pressure shell, 1,330 sq. £ $ 5,500
Gas booster: 2,920 c¢fm. of hexane and steam vapors at ’
230°F,, 1.0 p.s.i. differential, with 30 h.p. exp.-proof
motor and two 10-In. expansion joints............ 3.300
Desuperheater-condenser: tube and shell, fixed tube sheet, ’
150-1b. working pressure shell, steel shell, copper tubes,

150 sq. ft. S STPIeN 1,000
Solids rotary feeder valves (2): 8-in., bronze construction,

with 1 h.p. exp.-proof gear motorS......ccoeevvriiiiruieiiiiiiniininnan 2 000
Cyclons collector: low resistance-type, mild steel, gas-tight, ’

to handle 3,700 cfm. of hexane-steam vapor............... 1,200

Dust filters (2): simple, intermittent duty cloth filter, gas-
tight, for bandling 780 cfm. of hexane-steam vapor, at
230 7 e 700

Solids inlet: Venturi-type section with 10-in. vapor inlet
and outlet, steel........oooooiiiiiiiiiii 300

Pipe and fittings: 100 ft. of 10-in. iron pipe for desolventiz-
ing duct and recyele vapor siream, necessary welding
flanges, ells, and tees..........cciiiiiniiiiiiinii 1,000

Cooling Unit—Total cost $4,800
Cyclone collector: low resistance-type, mild steel, to handle

3,000 efm. of aif..ciiiiiiiiii s 300
Solids rotary feeder valve: for use with above cyclone, 8-in.
size, with 34 h.p. exp.-proof gear MOtOT..ccvvrreerireiccnnnneanann 800

Dust filter: cloth-type, continuous, automatic, to handle)
3,000 cfm. of air; exhaust fan and 7.5 h.p. exp.-proof
motor and drive included.......cccciviiiieniereicniienreeenn, 2,800

Pipe and fittings: 60 ft. of 14-in. pipe, including necessary
welding ells and flanges, 15 ft. of 14-in. diam. sheet

metal duct, and solids inlet.......o.cevevveevrevnnirnnnninns 900
Desolventizing and cooling equipment delivered.. 19.800
Allgwance for installation, 489, of delivered cost.... . 8,500
Allowance for piping and electrical wiring, 36% of delivered

COSErter ittt e st ettt r e et s e st ee e e et an e ettt eeerrans 7,100
Allowance for instrumentation, 5% of insstalled cost of

SQUIDMEIIT . .evtriireer ittt r et eee s e e e s e s e e aes 1,400

TOTAL cost of equiDment.........ccvcviiieniineneeenenriiereees o $36,800

41957 basis.

140°F. with air entering at 95° and leaving at 125°F.,
and an air velocity of 40 ft./sec.

The cost of steam, cooling water, and labor for a
flash desolventizer should be essentially the same as
for other types of oilseeds desolventizing equipment
that employ steam as a source of indirect heat. The
electrical power requirements may be a little more
but will be balanced by lower maintenance costs for
this simpler equipment with fewer moving parts. Ap-
proximately 1 gal. of hexane per ton of product is
required as make-np solvent, over and above the
the amount required to eover the usual solvent loss.
This added quantity increases the produet cost only
slightly.

Summary and Conclusions

The ﬂash desolventizing process removes hexane to
produce high-quality, essentially undenatured, soy-
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bean protein flakes for industrial uses. The most prac-
tical level of solvent removal is achieved when solids
are heated to 170-190°F. and dried to a moisture and
volatiles content of 7-89%. The desolventized solids
should then contain less than 0.5% residual hexane.
In desolventizing extracted, partially dehulled, high-
quality soybeans, the NSI value of the solids will be
decreased by only about two or three percentage
points. When two-month-old soybeans or those from
the preceding crop year are desolventized, no differ-
ence is noted in either the degree of protein denatura-
tion incurred or the residual hexane content of the
product. Friable soybean flakes naturally are sub-
ject to some attrition during desolventizing, but this
breakage is not a handieap for the type of produect
normally obtained.

An increase in recycle vapor veloeity from approxi-
mately 45 to 66 ft./sec. had about as much effect on
solvent removal as did an increase in recycle vapor
temperature from 230 to 305°F. The vapor velocity
undoubtedly can be increased from approximately
66 ft./sec., the maximum used in this work, to 80-100
ft./sec. which will permit either greater throughput
or a reduction in size of the desolventizing duct. These
benefits must be balanced against the cost of the addi-
tional power required. A recycle vapor ternperature
of 350°, and possibly 400° F. is considered more
practical and should give a satisfactory product as
long as solids are not discharged above about 190°F.

The installed cost of a flash desolventizer should be
less than the cost of systems presently used to produce
soybean protein flakes and operating costs should be
in the same range, but the solvent loss may be a little
higher.
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Report of the Smalley Committee, 1958-1959

EREWITH is presented the 41st annual report

of the Smalley Committee. Again this season

nine different types of samples were distrib-

uted by seven subcommittees. These included cotton-

seed, soybeans, peanuts, meals, vegetable oils, tallow

and grease, glycerine, drying oils, and edible fats.

In all, 4,367 samples were distributed to 494 collabo-

rators, and about 15,000 results were tabulated. Ta-

ble T shows the distribution and participation. There
was a slight drop in participation of about 2%.

As of April 2, 1959, the Smalley account showed

$7,431.66 as total receipts for the season, $6482,54

as total expense, and $949.12 as the net. This will be
reduced at least $100 by some charges yet to be paid.
The contemplated purchase of a new mixer for prep-
aration of the cottonseed samples will probably leave
about $200 in the account for the next season. A de-
tailed accounting has been given to the Governing
Board of the Society. A final report has been sent
to the collaborators, summarizing the work and list-
ing the relative standings, which are based on the
various grading systems. v

It is fitting to express thanks to various.subcom-



