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Venturi scrubber and separator
cuts steam costs $28,000/yr

Reclaims waste heat from hot vapors
to preheat liquid hexane for use in extractor

ANTON A. VACINEK, Plant Operations Manager

Soybean Processing Div.
Land O’ Lakes, Inc.

New Solutions
to Plant Problems

Soybean extraction at Land O’
Lakes, Inc., Sheldon, IA, is an en-
ergy-intensive operation. Beans must
be cleaned, properly dried, tem-
pered, cleaned a second time, frag-
mented, and heat-conditioned to in-
crease surface area and distort cell
walls. On the extraction side of the
process, soybean flakes are extracted
by repeated countercurrent percola-
tion of hexane solvent in either a
continuous or continuous-batch ex-
tractor. Energy demand for this soy
processing operation is about 1000 b
of steam/ton of soybeans processed.
Steam costs approximately $4.20/1000
Ib.

White flakes (oil extracted) are
desolventized by sparging with steam.
Flakes are then toasted by tray
cookers, which denatures the protein
and eliminates trypsin inhibitors
which prevent utilization of the nutri-
ents in feed formulations. Hot solvent
vapors (170 F) coming off the desol-
ventizer-toaster (D.T.) are utilized in
the shell side of a first-stage shell-and-
tube evaporator. In the tube side of
the evaporator, miscella (oil and sol-
vent mixture) from the extractor is
concentrated from approximately 25%
to 75% soy oil. Hexane vapors and
condensate are collected for reuse by
shell and tube condensers using water
as the coolant.

A second-stage shell-and-tube
evaporator concentrates the miscella
from 75% to 95% oil. A disc and donut
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stripper further concentrates the oil
to 99+ %, with less than .05% mois-
ture and volatiles. After concentra-
tion, the oil requires refining. Desol-
ventizing flakes exiting the D.T. are
dried, cooled, sized, and ground be-
fore being incorporated into feed
formulations.

PROBLEM: Until recently, hexane
was evaporated from the miscella in a
second-stage evaporator at 250 F.
Vapors were recovered by shell-and-
tube condensers using cooling water
as the service stream. When replace-
ment of these condensers became
necessary due to age, a method was
sought to reclaim waste heat from the
hot vapors, and reduce cooling water
loads.

SOLUTION: An equipment manufac-
turer was contacted regarding the
possibility of employing venturi
scrubbers. The manufacturer pro-
posed use of a venturi scrubber and
standard cyclonic separator to meet
specific requirements of the process.
Exact liquid hexane flow and vapor
requirements were used as the design
basis. Since the vapors from the
second-stage evaporator are essen-

In operation, liquid hexane
enters top of venturi
scrubber (A), while hot
vapors enter through the
side (B). Vapors from
separator are piped to
condenser (C). 123 F
preheated liquid hexane
exits separator (D), and

is transferred to extractor
tially pure hexane, the 2 streams
(vapors and liquid) were contacted
directly to condense hexane vapors
and preheat liquid hexane—resulting
in reduced steam consumption and
cooling water loads. Liquid hexane
was used as the driving force in the
scrubber at a rate of 300 gpm—
entraining 410 ¢fm of hexane vapors at
a negative 12" suction draft.

In operation, 110 F liquid hexane
enters the top of the scrubber, while
250 F hexane vapors enter through
the side. Mixing of the 2 streams
raises the temperature of liquid hex-
ane to 123 F. The liquid-vapor mix-
ture exits the bottom of the scrubber
into the separator tank, where liquid
hexane, vapors, and condensed va-
pors are separated out. Preheated
liquid hexane then flows by gravity to
the extractor. (See diagram.)

From past experience, it was known
that surges occur from extraction
drainage affecting the miscella con-
centration. Because of this, a con-
denser was installed to handle poten-
tial extractor pressurization and/or
process surges. Condenser sizing is
20-25% of the total vapors generated
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Diagram of venturi scrubber and separator system

by the second-stage evaporator, which
gives the venturi scrubber/condenser
system a vapor handling capacity in
excess of 120-125%. A manually con-
trolled damper was installed in the
ductwork between the venturi scrub-
ber and the condenser to allow flexi-
bility in balancing the vapor flow
without pressurizing the second-
stage, ductwork, or extractor.

RESULTS: The venturi scrubber and
separator system has the flexibility to
handle up to 850 cfm of vapors at a
motive hexane flow rate of 375 gpm,
or 1100 cfm at 419 gpm, respectively.
By reclaiming waste heat from hot

vapors for preheating liquid hexane,
Land O’ Lakes estimates a savings of
$28,000 in steam costs/yr in their
extraction operation. Taking into ac-
count the total cost (venturi scrubber,
separator, piping and ductwork modi-
fications, pumps, and labor), the sys-
tem paid for itself in about 15 mo.
END.

Additional information on the Venturi
Scrubber and Separator is available
from Croll-Reynolds Co ., 751 Central
Ave., Westfield, NJ 07091
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