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SUMMARY

The food processing industry is a large user of energy (0.15 to 0.18 quad in 1986) for
evaporative drying partly due to the limited effectiveness of conventional mechanical dewatering
machines Battelle's electroacoustic dewatering (EAD) process has been shown to improve the
performance of mechanical dewatering processes for several food products, such as corr, fiber, by

• supertmposing electric and ultrasonic fields. A two-phase developmental program, co-funded by
DOE/OIT and industry, showed the potential to save 0.027 to 0.035 quad/yr energy by 1995 through
the full implementation of EAD in the food processing industry. The Phase 11results suggested that
EAD should be used as a post dewatering device to realize file full benefit of EAD. Based partly on
these results, Ashbrook-Simon-Hartley (Ashbrook), Battelle's EAD licensee and cost-sharing
industrial partner, built an EAD belt press prototype for testing on sewage sludges. This report
covers a Phase III effort funded by DOE/OIT, under a cooperative agreement, for demonstrating the
EAD prototype on corn wet milling products, namely corn fiber and corn gluten.

The Phase [] was originally designed to cover three tasks: prototype preparation and planning
(Task 1); on-site (field) testing (Task 2); and energy conservation and economic analysis (Task 3).
However, only Task 1 was performed as Ashbrook was unable to provide the technical and financial
resources necessary to successfully carry out field testing. This report, therefore, concerns only Task
1, which concerned prototype modifications, bench-scale testing, site selection, and shakedown
(readiness) testing of the prototype.

Since, the Phase II effort involved the use of an EAD machine that combined mechanical

predewatering and EAD post dewatering in one, the feed to the machine was a dilute one (i.e., 17
percent solids for corn fiber slurry and 11-16 percent solids for corn gluten slurry). But the target
feed for Phase III EAD prototype was of the order of 25 to 35 percent, obtained after predewatering
in a centrifuge or a screw press. Therefore, it was necessary to reexamine the EAD performance in
the laboratory, and to modify and check the prototype to insure readiness of the machine prior to field
testing. It was also necessary to reexamine the availability of a test site. These activities were
completed in this Phase III program and are discussed in this report.

The primary effort in Phase [] was on corn fiber rather than corn gluten because of a larger
energy conservation potential for corn fiber EAD. Bench-scale tests were conducted on corn fiber

samples from two plants: American Fructose, Decatur, Alabama; and American Fructose, Dimmitt,
Texas. The EAD variables included voltage, ultrasonic wattage, residence time, and pressure. The
EAD behavior of these predewatered materials was generally comparable to the EAD behavior of
more dilute feedstocks tested in previous phases. The voltage, actually voltage gradient, and

ultrasonic wattage were the most important variables. Both feedstocks behaved similarly, though the
level of post dewatering achieved with the Decatur sample was higher than for the Dimmitt sample.
This was partly because the Dimmitt sample is harder to dewater due to finer grinding of the corn
fiber, and possibly also because the Dimmitt sample was allowed to stand (age) longer, in a pile, after
predewatering than the Decatur sample was,. In fact, the bench-scale tests showed a clear, negative

• impact of aging of sample on performance of EAD, possibly because the sample picked up air and
lost some of its conductivity. But, while either site was suitable for EAD testing, the Dimmitt site
was tentatively selected because of previous (Phase II) efforts at this site and because the Dimmitt

• material is harder to dewater, and, therefore, a better test of EAD effectiveness. The actual increase
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in solids content observed in bench-scaletests for the Dimmittmaterialwas 5 to 8 percent;however,
it is believed that the use of freshmaterialin field tests will help achieve the targeted 8 to 11 percent
increase in solids content.

A major partof the bench-scaletesting also concernedthe testing of new polymer belts as well
as a new copper-polybelt which could replacetwo of the threebelts used previously on sludge
testing. The reasonfor trying copper-polybelt was thatit representeda majoropportunityfor EAD
press capital cost reduction. These alternative belts performed satisfactorily in the bench tests.

A number of modifications were made to the EAD prototype based on the bench-scale tests.
The prototype performance was then checked out through two readiness (shakedown) tests. All sub-
systems were found to perform as designed. However, the design pressure of about 4 psi was

, considered suboptional for corn fiber; it was not possible to modify this prototype to achieve higher
pressure. Also, while the previous, three-belt (two polymer belts and one stainless steel, cathode belt)
system performed as designed, the more attractive two-belt (copper-poly belt) system was not
mechanically satisfactory. The problem with the copper-poly belt was that the seam, needed to make
an endless belt, did not hold under tension. Putting an epoxy at the seam was attempted but failed
apparently because of inadequate on-site curing of the epoxy. At this point, it was necessary either to
launch an additional developmental effort to make the more economical two-belt system work or to
revert back to the proven, but expensive, three-belt system. Unfortunately, Ashbrook felt that the
two-belt system was critical for the economic viability of the process but was unable to commit the
technical and financial resources necessary to carry out an additional developmental effort.
Therefore, the plans for field testing were abandoned.

The bench-scale tests on corn gluten were quite encouraging and showed that EAD was
attractive in dewatering corn gluten slurry from an initial 30 percent to over 43 percent solids level.
This represents a 25 percent energy savings potential, comparable to that projected for corn fiber or
corn gluten EAD in Phase 1I efforts on a more dilute slurry. The bench-scale efforts suggested that
the earlier (Phase 1I)projections for energy conservation in corn wet milling industry on
implementation of EAD were reasonable, i.e., 8.5 x 10t2 to 12.8 x 1012Btu/yr (1995 basis) savings
are potentially achievable.

iv



ACKNOWLEDGEMENT

The authors gratefully acknowledge the technical and moral support of Mr. Larry Belier of
EG&G/ldaho during the conduct of this project.



TABLE OF CONTENTS

^

SUMMARY .................................................... iii, iv

ACKNOWLEDGEMENT ............................................... v

1.0 INTRODUCTION ............................................... 1

2.0 OBJECTIVE AND SCOPE OF PHASE III ............................... 2

3.0 RESULTS AND DISCUSSION ....................................... 2

3.1 Belt Press Design Analysis ...................................... 3

3.1.1 The EAD Concept and Potential .......................... 3
3.1.2 Improved EAD Prototype Design ......................... 3

3.1.2.1 Overall Specifications ....... . ..................... 5
3.1.2.2 Improvementof Ultrasonic Coupling Efficiency ........... 10
3.1.2.3 Electrodes .................................. 11

3.1.3 Previous Design Versus Corn Dewatering Needs ................... 12

3.1.3.1 Electrostatic Voltage andCurrentDensity ............... 12
3.1.3.2 Ultrasonic Power and SectorCombinations .............. 12
3.1.3.3 Cake ResidenceTime and Cake Thickness .............. 12
3.1.3.4 Feed Pumpand Feed Spreader 13
3.1.3.5 Cake Heating, Temperatureand Cooling ............... 13
3.1.3.6 Fluid Seal, Fluid Leakageand Belt Properties ............ 14

3.2 Feedstockand Site Selection .................................... 14

3.2.1 Corn Fiber Testing ................................. 15
Effect of Voltage .................................. 19
Effect of Residence Time ............................. 19
Effect of Ultrasonic Power ............................ 19
Effect of Belt Material ............................... 23
Effect of Aging of Corn Fiber .......................... 23
Effect of Pressure .................................. 25
Energy Consumption ................................ 25
Decatur Versus DimmittCorn Product ..................... 27
RecommendedRange of Field Test Conditions ................ 27

3.2.2. Corn GlutenTesting ................................ 29 .

vi



TABLE OF CONTENTS(Continued)

3.3 Equipment Modifications andReadinessTesting ....................... 30

3.3.1 First Readiness (Shakedown)Testing ...................... 30 '
3.3.2 Second Readiness Testing ............................. 34
3.3.3 AdditionalBelt Press Modifications ....................... 35

4.0 CONCLUSIONS ............................................... 37

5.0 REFERENCES ................................................ 38

Figures

Figure 1. Typical Energy Use Flowchartfor Corn Fiber DewateringandDrying (EAD
Process Projected to Use 27 PercentLess Energy) ... .................... 4

Figure 2. Schematic of Belt Press EAD Prototype ............................. 6

Figure 3. Belt Press EAD Process Concept .................................. 7

Figure 4. Skid-MountedBelt Press EAD Prototype System ........................ 8

Figure 5. Effect of Voltage on EAD Performance. Data from Test Numbers 1, 2, 3, and4
on 01/17/92 for Dimmitt Product From a Screw Press ........ . .......... 20

Figure 6. Effect of Residence Time on EAD Performance. Data from Test Numbers 1, 4,
and6 on 12/20/91 (DecaturProduct from a Mere,one Centrifuge;21.5 Percent
Feed Solids) and 7, 9, and 10 on 01/17/92 (Dimmitt Product from a Screw Press;
26.3 Percent Feed Solids) ..................................... 21

Figure 7. Effect of Ultrasonic Power on EAD Performance. Data from Test Numbers4, 5, and 6
on 12/19/91 (DecaturProduct from Mercone Centrifuge; 21.5 PercentFeed Solids)
and 4, 5, 6, 7, and 8 on 01/17/92 (DimmittProduct from Screw Press; 26.3 Percent
Fe,ed Solids) .............................................. 22

Figure 8. Effect of Belt Material on EAD Performance. Data from Test Numbers5 and 8 on
• 12/19/91 and 2 and 7 on 12/20/91 (Decatur Product from a Mercone Centrifuge) . . 24

vii



TABLE,OF CONTENTS (Continued)

,e

Tables

Table I. Overall Specificationsof 1.2 MeterBelt EAD Prototype(Prior to Modifications in
Phase HI) Comparedto PRU (Phase 11)Test Conditionsfor Corn Fiber ......... 9

Table 2. ExperimentalData on Dewatering of Corn Fiber_oduct of a MerconeCentrifuge
(InitialSolids = 21 percent) .................................... 16

Table 3. ExperimentalData on Dewateringof Corn FiberProduct of a MerconeCentrifuge
(Initial Solids = 27.5 percent) .................................. 17

Table 4. ExperimentalData on Dewateringof CornFiber Product of a ScrewPress ....... 18

Table 5. Effect of Applied Pressureon EAD of Corn Fiber ...................... 26

Table 6. ExperimentalData on Dewateringof Corn Gluten (fromDecatur, Alabama) ...... 28

Table 7. Results of First ShakedownTesting (July 29-31, 1992) of EAD Prototype
Belt Press ............................................ 31,32

VIII



Ill I I I I I

Phase HI Report
on

Improved Eiectroacoustic Dewatering
Belt Press for Food PrOducts

to

U. S. Department of Energy
Idaho Operations Office

November 30, 1993

1.0 INTRODUCTION

The food processing industryis a largeuser of energy (0.15 to 0.18 quadin 1986) for

evaporativedrying partlydue to the limited effectivenessof conventionalmechanicaldewatering

methods. Battelle's electroacousticdewatering (EAD) process has been shown to improvethe

performance of mechanical dewateringmethodsfor several food products, such as corn fiber, by

superimposingelectric and ultrasonicfields0). Ithas been estimatedthatthere is a potential to save

0.027 to 0.035 quad/yrby 1995 through the full implementationof EAD in the food processing

industry. A two-phase developmentalprogram, co-fundedby DOE/OIP and industry,to demonstrate

the benefits of EAD was carried out in cooperationwith the food processing industry, the National

Food Processors Association (NFPA), and two equipmentvendors (Ashbrook-Simon-Hartleyand

FMC). In Phase I, laboratoryscale studies were carriedout on a variety of food suspensions

including corn fiber, corn gluten, andapplepomace_). In Phase H, scaled-up, continuoustests were

carriedout in a small belt press and a screw press, both modified with EAD hardware. The Phase II

test results suggested that EAD should be used as a post dewateringdevice and several mechanical

and EAD design changes were necessary to realizethe full benefits of EAD 0'4).

Based on the published Phase II results, a post dewatering, stand-alone, longer residence time,

• EAD belt press was designed and built by Ashbrook-Simon-Hardey (Ashbrook). The prototype was

successfully tested on sewage sludges(s), which led to the selection of the EAD belt press for the

"Productof the Year" award in 1990 by the American Filtration Society. Based on this success,

Ashbrook felt that the improved EAD belt press could be successfully employed in food processing
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applications, such as for dewateringof corn fiber andcorn gluten slurries. Therefore,Battelle

applied for financial assistancefrom DOE, Office of IndustrialTechnology (DOE/OFF)to
p

demonstrate this improved EAD belt processprototypewith cost sharingand technical resources

provided by Ashbrook.

2.0 OBJECTIVE AND SCOPE OF PHASE III

The objective of Phase m was to demonstratethe economic viability of the improved EAD belt

press for enhancedpostdewateringof corn products, specially corn fiber slurry.

The work planconsisted of the following tasks:

* Task I. PrototypePreparationandPlanning

• Task 2. On-site (Field) Testing

• Task 3. Energy ConservationandEconomic Analysis.

Unfortunatelythis effort was prematurelyterminatednearthe end of Task 1 as Ashbrook

dropped from the programdue to inability to supply the technical and financialresources necessaryto

demonstrate the satisfactorymechanical performanceof a less expensive belt system and then to carry

out Task 2. Therefore, this reportonly concernsTask 1.

• 3.0 RESULTS AND DISCUSSION

The following Task 1 activities were carriedout in Phase 111:

(1) Analysis of Belt Press Design Requirements

(2) Feedstock and Site Selection

(3) EquipmentModifications andReadinessTesting.

Each one of these activities is described below in detail.
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3.1 Belt Press Design Analysis

3.1,1 The EAD Concert and Potential

The EAD process utilizes conventional mechanical presses, such as vacuum or pressure

filtration, in combination with electric and ultrasonic (acoustic) fields. A synergistic effect of

combining electric and ultrasonic fie)ds was discovered by Battelle and is the basis of several U.S.

and foreign patents and patent applications (1'6). It is believed that the application of a direct-current

electric field pumps water from open pores and capillaries due to electro-osmosis. The water is then

pulled away from the filter surface by mechanical means (vacuum or pressure). The ultrasonic field

aids the electric field and mechanical dewatering process by releasing tightly held bulk and capillary

water and consolidating the filter cake to maintain a liquid continuum (2).

In a typical application of EAD, a filter cake, dewatered by conventional mechanical means, is

post dewatered by EAD. This helps reduce or eliminate capital- and energy-intensive thermal drying

thus lowering the operating cost and leading to energy conservation. This is depicted in Figure I

where corn fiber is dewatered by a screw press to about 35 percent solid level. The material is then

postdewatered with EAD to 46 percent level; i.e., increasing the solids content by I I percent, which

was projected for the improved (I .2 m wide) EAD belt press based on the Phase II results with a 0.5

m wide EAD belt press. Based on the range of conditions used in Phase II, the energy conservation

potential of EAD for corn wet milling, i.e., for corn fiber and corn gluten dewatering, was estimated

at 8.5 x I012 to 12.8 x I012 Bm/yr (1995 basis). A comparison of these two corn products showed

that about two-thirds of the energy conservation potential could be attributed to corn fiber application.

Therefore, corn fiber was chosen as the primary material for Phase Ill testing.

3.1.2 Improved EAD Prototype Design

The results from the Phase II PRU tests on apples and corn fiber slurry indicated that the best

place to apply EAD is after the high-throughput predewatering is completed. Furthermore, it was

found impractical to get the desired EAD effect without either sacrificing the throughput of existing

belt presses or extensively altering the overall dimensions, especially increasing the support frame size

and strength. For this reason Ashbrook, with help from Battelle, built a post-dewatering, "stand-
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alone"belt press EAD prototype. This prototypedetailed in Figures 2, 3, and4 was successfully

tested, priorto startof this (Phase HI) project, on several sewage sludges and can be used with a

varietyof currentlyinstalled_ndoperationalpredewateringunits such as belt presses, screw presses,

and centrifuges. The details of the patenteddesign(6),prior to modifications on this project, are given

below.

f

3.!.2.1 Overall Stultifications. The overall specifications for the 1.2 meter wide belt EAD

prototype are listed in Table 1. A 1.2 meterwidth was chosen in orderto give a reasonable

expansionof cake width (3.7 times that for PRU) while keeping the cost of the demonstration

programreasonable. The effective cake width for this prototypeis about 1.1 meterwhich should

reduce the edge effect encounteredin the PRU (Phase II), especially wetting of the cake at the edges.

The most commonlyused belt widths are 2 to 2.5 meters, but belt widths as small as 1 meter

and as large as 3 meters are also used. Since the EAD unit is essentially a single-rollunit, using belts

in the 2 to 2.5 meter range shouldbe no problem.

A 1.3 meter diameter roll was chosen to keep the belt tension reasonablewhile maintaininga

reasonablepressure but still achievingmaxi/num EAD contactlengthpossible. The maximum

pressure on cake is 4 psi comparedwith 3.9 psi used in PRU tests and7 psi used in the batch tests.

The pressure should have a positive effect on delta solids or delta EAD, defined as the increase in

solids content due to EAD, but a largerpositive effect on mechanical dewateringof corn fiber. The

EAD contact length is 2.7 meters comparedto 0.4 meter for the 9th roll in PRU. This makes longer

residence time possible without reducing belt speed or throughput.

The normal belt speed for belt presses are in the 2 to 6 m/min range. On the other hand, the

prototype has a variable drive that gives a belt speed of 0.75 to 3 m/min. If necessary, the belt speed

can be increased simply by changing the variable drive.

The Phase II economic analysis for corn fiber dewateringshowed the need to maximize

throughput even if delta solids decline below the 10 percent level, say to about 8 percent. The

current design will allow a 12-fold increase in total throughputand a 4.5-fold increase in throughput

per unit anode drumwidth.

................................
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Table 1. Overall Specifications of 1.2 Meter Belt EAD Prototype (Prior to Modifications
in Phase 111)Compared to PRU (Phase lI) Test Conditions for Corn Fiber

Design Values
Design Parameters ....................

Prototype PRU

cake pressure,psi 4 3.9

Maximum cake thickness at inlet, inch 0.75 1.3

Maximum cake thickness at outlet, inch 0.60 1.0

Belt speed, m/rain 0.32-1.60 0.33-2.0
,, ,,i ,,,= i i

Anode roller diameter, m 1.3 0.36

EAD contact length, m 2.7 0.4 (3rd or 9th roll)
i, . , i ,

EAD residence time, rain 1.7.-$.4 0.2-1.2 (3rd or 9th roll)

Cake width, m 1.1 0.3
, ,,. , i i i

Ultrasonic plate width, m 1.1 0.4
. ii , i

Cathode belt width, :,_ 1.1 Belt not used

Corn fiber throughput at 3/8-in. cake 842 68 (3rd + 9th rolls)
Lhickness,and 2 rain. residence time,
lb(DS)/hr

Voltage range, volts 0-120 0-120

Current capacity, amps 1600 200 (3rd or 9th roll)

Ultrasonic capacity, kw 9.6 1.6 (3rd or 9th roll)

Ultrasonic intensity, watts/cm2 0.41 1.0..... ,., , ,. ,... ,,,.
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3.1.2.2 Impr0vcment of Ultrasonic Couoling Efficien¢y. The ultrasonicefficiency depends

o_ two majorvariables:

1. Couplingefficiency - i.e., fractionof ultrasonic energy generatedat the surface of the

plate which is transmittedinto the cake.

2. Conversionefficiency - i.e., efficiency of convertingelectrical to ultrasonic energy at

the surface of the plate.

The new seal design for the EAD rolls, demonstrated in Phase II, significantly improvedthe coupling

efficiency of ultrasonicenergy. The coupling efficiency was furtherincreasedby minimizing

formation of gaseous films (productof electrolysis) by continuouslycirculatingthe filtrate throughthe

annulargap betweenthe cathode belt andthe curvedultrasonicplate (Figure 3). The annulargap was

minimized to help reducereflectionsdue to impedancemismatch at the solid-liquidand the liquid-

solid interfaceof the vibratingplate, filtrate andthe polymericbelt. We hope to eliminate the

cathodebelt eventually andcontrolthe cake thickness more precisely so that thepolymeric outerbelt

can be coupledto the vibratingultrasonicplate by a thin film of filtrate. This wouldbe a significant

improvementover the presentdesign.

For the prototype, a new half cylindricalvibrator was designed with appropriateboundary

conditions and seal for the filtrate to maximize both conversionandcoupling efficiency.

The presentultrasonic vibratingplate andseal design have evolved throughseveral steps during

the Phase II testing and prototypetesting with sludges. Due to the cost andtime constraint the Phase

II vibrating plates were fabricatedby welding one of the edges of two half sections, each with about

67 degree sector angle. Due to changein the boundaryconditionfrom free end to welded (clamped)

end, the resonance of this welded plate changed andwas, therefore, far from optimum. We believe

the conversion efficiency of the presentprototypesystem, which is designed as a single curved plate,

is significantly more efficient. And, as mentioned earlier, the conversionefficiency can be further

improved by improving the ultrasonic seal design.

The ultrasonic plate is driven by 96 transducers. However, througha special circuit design we

have been able to use several combinationsof these to determinethe optimumnumberandlocations

for these for various materials and throughputs. The ratedmaximum power inputis 9,600 watts

which is supplied by 6 ultrasonic generatorsas opposed to only one used on a roll in the PRU. The

effective surface area is about2.35 m2.

To estimatetransmission of ultrasonicintensity (Io) into variousmaterials, we did an impedance

analysis using the following values for the specific acoustic impedanceZ:
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Zsm I = 47 x 106 MKS Rayls

Zw,_r = 1.5 x 1(36Rayls

ZacleCtke = 3 x 106 Rayls.

Acoustic impedance of the cake is expected to increase with dewatering, making acoustic energy

transmission easier, however, the attenuation through the cake also increases with dewatering. Our

calculations show that at zero fluid gap, about 23 percent of Io, i.e., 0.11 watts/era 2 is coupled into

the belt/cake.

As we increase the fluid gap to 1/8-in, l/4-in, and 1/2 in, the energy coupled into the belt/cake

decreases by 14.5, 40, and 70 percent, respectively, of the 23 percent, e.g., for 1/4 inch fluid the

available intensity in the cake is about 0.07 watts/era 2. We expect the fluid gap to vary from just

under 1/8-in at the inlet to roll and just over l/4-in at the outlet, wh!ch is far less than possible with

the PRU. The resulting intensity in cake is projected to be 0.07 to 0.10 watts/era 2. Under these

conditions, the sludge dewatering tests showed that the optimum ultrasonic input power for the

prototype was in the range of 1.7 to 6 kw. On the other hand, bench-scale (i.e., 45 cm2 filter area

for batch tests) results showed an optimum at 20-25 watts of ultrasonic transducer output power. This

meant that, in the case of sludge dewatering, the optimum ultrasonic intensity for the prototype based

on the generator input power was 2 to 7 times less than the optimum intensity in the bench tests based

on the generator output power. Such a scale-up relationship for corn fiber and corn gluten will not be

known until field tests (Task 2) are carried out and 9.6 kw input power for the prototype is

considered adequate in the meantime.

3.1.2.3 Electrodes. The anode is made of the same material and coating as the PRU (Phase

II) EAD rolls, which did not experience any deterioration based on a surface evaluation procedure

specified by Engelhard.

A wire mesh, moving cathode belt was used for sludge dewatering to obtain good electrical

contact of the cathode and the outer polymer belt and to minimize cathode wear. An alternate

cathode system consisting of a conducting polymer belt was identified, but not field tested before start

of Phase III. The use of this new belt will eliminate the need for the wire mesh cathode belt and

associated equipment (belt washing, belt tracking, belt tension, etc.), thus, reducing the cost of the

EAD belt press.
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3.1.3 Prgvious Design Vers_s Corn Dewatering Needs

The previous prototype design versus the needs of this projectare discussed below.

3.1.3.1 Electrostatic Voltage and (_urrentDfnsity_ The direct-current power supply is

capableof delivering 0-120 volts and0-1600 amps. In Phase II tests with cornfiber, the highest !

voltage used was 90 volts and the largestvoltage gradientwas 480 volts/inch at a cakethickness of

0.125 in. The designed voltage range and voltage gradient range are sufficientfor our intendedtests

on the prototype(i.e., I20 volts and 1,000 volts/inch at 0.125-in. cake thickness). At 1600 arnps,the

current density will be 46 amps/_. The voltage gradient is the drivingforce and the current

consumptiondependson conductivityof cake, which is expectedto be less for the drierfeed. We

believe the design values for both voltage and currentare sufficient for optimumresults. In the most

recent tests of theprototype with coal slurryand industrialsludge, the direct-currentpower supply

performed as per specificationswith respectto currentdelivered;the maximumvoltage in these tests

was limited to 100 volts by experimentaldesign.

_,1,3,2 Ultr_gni¢ P0wer and Sgctor Combinations. As discussed previously, the previous

design has six independentlycontrollable se_ors. Each sector is connectedto a power supply rated at

1.6 kw for a total of ultrasonic power of 9.6 kw. All the six sectors of the ultrasonic plate can be

activated independently. With this design, the ultrasonic intensity at differentstages of dewatering

can be controlled to optimize the level of dewateringandoperatingpower requirements. If necessary,

ultrasonic power supplies can be upgradedto a total of 10.8 kw from 9.6 kw.

$.1.3,3 Cake Residence Time and Cake Thickness. Belt speed motor control has a

turndownratio of 5. The speed control at presentis capableof cake residencetimes of 1.7 rain, to

8.4 rain. (1.6 m/rain, to 0.32 m/rain, belt speeds) for a contact lengthof 2.7 m. For corn fiber

dewatering, it will be necessary to modify the speed control to achieve residencetimes of 0.8 min. to

4.0 rain., which correspondsto a belt speed range of 0.68 m/rain, to 3.40 m/rain. With respect to

cake thickness, the prototype is designed to handle0.125-in. to 0.75-in. To date, the prototypehas

been tested to handle other materials of this thickness range. The trade off is between throughput and
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beating of the cake, with cake heating a critical criterion, the optimumthickness may not be 0.75-in.

otnerved with coal slurry.

3.1.3.4FeedPump andFeedStJreader,Prototypetestshavebeenconducted.forother

nutterialssuchascoalslurryatamaximumof63percentsolidsandsludgeat23percentsolidsusing

aMoyno pump. Atthefastestbeltspeed(3.40m/min)andthelargestcakethickness(0.75-in.),the

feedpump shoulddeliver18gallons/rain,whichiswellwithintherangeoftheMoyno pump.

However,theuncertaintyhereisthematerialhandlingcharacteristicsofcornfiberduetothehigh

solidscontentofthefeed(30-35percent);thiswasnotaprobleminPhaseIIwherethesolidscontent

ofthefeedwasonly17percentandtheEAD beltpresshadaconventionalmechanicaldewatering

section.Thepump needstobetestedforitsabilitytodeliverthefeedslurrytothefeedhopper.In

theunlikelyeventitisnotperformingasexpected,ascrewconveyorcanbeusedforprototype

testing.Thefeedspreaderneedstobetestedforitsabilitytospreadfeedcakeevenlyalongthebelt

widthattherequiredfeedrates.Again,thereissomeuncertaintyduetothehighsolidscontent.

3.1.3.5CakeHeating,Tem ueratur_and Cooling,Preliminaryheattransfercalculations

indicatethattheprimarymodeofheatremovalisconvectionofheatbythefiltrate.Conduction

throughthecakeplaysonlyaminimalroleinheatremovalforcakethicknessesgreaterthan0.125in.

Theaboveresultsarebasedonassumptionsofuniformheatdissipationduetoelectricalresistance

heatingalongthecakethicknessandcontactlength.Heatgeneratedfromtheultrasonicvibrationis

significantlylowerandisneglected.

Adiabatictemperaturerisecalculationsbasedontotalenergyinputindicateatemperaturerise

of36to41F forcakethicknessesof0.25-in.to0.75-in.Itshouldbenotedthattheadiabatic

temperaturerisecalculationsarebasedonenergyconsumptionvaluesfrombatchtestsofcornfiber

slurrycontaining27percentsolidsdewateredtoafinal34percentsolids.Intheplannedtestsin

PhaseHI,solidscontentisintherangeof30-45percent.Dewateringrateisdirectlyprcportionalto

theappliedvoltagegradient.Forspecificvoltage,thehigherthesolidscontent,thesmallerthe

conductivityandcurrentand,hence,smallertheenergyconsumptionperpoundoffiltercake.We

expectthattheadiabaticheatrisecalculationsareontheconservativesideandtheactualtemperatures

riseforthedriercakeissmaller.

Gelatinizationbecomesaproblemeitherduetonon-uniformitiesinheatingorifthefeeditself

hasaninlettemperatureofsubstantiallyhigherthan100F. Inthatcase,theonlytwopractical
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options may be to precool the feed slurry or to reduce the energy input at the expense of dewatering.

One of the main goals of Phase 1II work is to establish the optimum amount of dewatering and the

optimum experimental conditions to achieve it. We need to establish the correct combination of

voltage, ultrasonic power, cake residence time and thickness to achieve the required dewatering,

without gelatinizing the cake.

3.1.3,6 Fh_id Seal. Fluid LeakaEe and Belt Pro_rties. In prior tests, fluid leakage between

the cathode belts and ultrasonic plate was a source of concern. Air gaps between the belt and

ultrasonic plate decrease the transmission of ultrasonic energy to the cake, thus, decreasing the

dewatering. The EAD belt press equipment, vendor believes that the leakage was through the edges of

the belt itself and not through the seal. This is based on their observation that the leakage continued

unabated, even when an inflatable rubber seal was applied at the maximum inflatable pressure. The

new polymeric outer belt, used along with a third metallic belt, as well as the alternate cathode/outer

belt is such that the edges of the belt have a different weave of no porosity that should minimize the

fluid leaks. Small fluid leaks are not a problem so long as the cavity between the belt and the

ultrasonic plate is always full. Replacing two outer belts with one should specially improve the

sealing abilities and minimize fluid leakage.

: 3.2 Feeglstock #nd Site Selection

As discussed earlier, the Phase Ill EAD belt press design is based on the concept of post

dewatering, i.e., utilizing a corn fiber feed with a solids content of 25-35 percent. The previous

(Phase II) field testing, however, was based on the use of a dilute (17 percent solids) feed. It was,

therefore, necessary to re-examine several corn feedstock and the associated test sites. After

examining three corn processors, it was decided to work with American Fructose Corporation, and

two of their plants located in Dimmitt, Texas, and Decatur, Alabama, were selected for bench-scale

testing.

The objective of this phase of the research was twofold:

(1) To select the material and field test site suitable for demonstration of EAD of corn fiber

slurry at a commercial corn processing plant, and

(2) To briefly explore the limits of dewatering by varying the independent variables (such as

voltage, ultrasonic wattage, residence time and cake thickness) to their extremes.
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This would let us determine,in the laboratory(bench-scale),if the predewateredmaterialbehaves

similar to the more dilute materialused in Phases I andII as far as the effect of EAD parameters is

concerned and to help betterplan the field test conditions. The majority of the laboratory tests were

conducted with corn fiber. A few tests were done on corn gluten at the end.

3.2.1 Corn Fiber Testing

Corn fiber samples from two plants were tested:

(1) AmericanFructose in Dimmitt, Texas, and

(2) American Fructose in Decatur, Alabama.

Corn fiber product from two different stages in the dewateringprocess were tested:

(1) Productof Merconecentrifuge, and

(2) Productof screw press.

The following range of independentvariableswere tested;voltage from 0 to 120 volts; residencetime

from 1 to 3 minutes;andultrasonic gattage from 0 to 45 watts (0 to 1.0 watts/era2). In most tests,

pressurewas 5 psi, though some tests were performedat 7 psi to determinethe effect of pressure. A

key partof the testing concernedthe selection of belts. All tests were conducted in a bench-scale

EAD unit, comprising a 45 cm2 filter area, operatedin a batchmode¢2).

A total of 70 tests were conductedon variouscorn fiber samples. Raw data with all the

independentvariables, materialsource andpercentdewateringare shown in Tables 2 through4. The

datain Tables 2 and 3 are for tests performedwith corn fiber productout of a Mercone centrifuge

used at the Decatur Plant, with a typical initial solids contentof 21.5 percent. On the other hand,

Table 4 shows tests performed with corn fiber productof a screw press used at the Dimmitt Plant,

with a typical solids content of 26.3 percent. One test was also performed on screw press product

from Decatur that had a solids contentof 38.9 percent (Table 4).
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Table 2. Experimental D_ta on Dewatering of Corn Fiber Product of a Mercone Centrifuge (Initial Solids ,, 21 pecte_)

_;AMPLE APPLIED AVERAGE U/S ELEC. APPLIED INITAL FINAL DELTA MAX LIQUID ENERGY FILTER

TEST TEST WEIGHT VGLTAG CURRENT POWER TIME PRES. SOLIDS SOLIDS SOLIDS SAMPLE REMOVE KW.HRI BELT MATERIAL
# DATE GRAMS VOLTS AMPS WATTS MIN PSI % % % TEMP.. F GRAMS LB.FILT, TYPE SOURCE

1 11-7-91 50.08 0 0.000 0 0.0 5 20.34 23.65 3.31 68 7.01 O000 CU-POL DECATUR
2 11-7-91 60.03 50 0.934 0 3.0 5 20.34 23.21 2.87 95 7,42 0.143 CU-POL REC'D
3 11-7-91 60.09 50 0.903 t5 3.0 5 20,34 24.64 4.30 105 10.49 0,113 CU-POL 11-07-91
4 11-7-91 60.04 75 1.385 0 3.0 5 20.34 27.18 6.84 139 15.11 0.156 CU-POLY

i

5 11-7-91 60.66 75 1.469 15 3.0 5 20.34 26.29 5.95 150 13.73 0.187 CU-POLY
1 12-t8-91 90.14 0 0.000 0 0.0 5 21.49 23.92 2.43 69 9.18 0IXX) TETKO DECATUR
2 12-18-91 90.10 100 2.363 0 2.0 5 21.49 27.05 5.56 157 18.52 0.1913 TETKO REC'D
3 12-18-91 90.13 100 2.605 30 2.0 5 21.49 30.65 9.16 180 26.94 0.150 TETKO 12-10-01
4 12-18-91 90.07 100 2,730 0 2.0 5 21.49 31.07 9,58 190 27.77 0.149 CU-POLY
0 12-19-91 90.21 0 0,000 0 0.0 5 21.49 23,38 1.89 73 7.29 0.000 TETKO
11 12-19-91 90,08 0 0,000 0 0.0 5 21.49 24.49 3.00 75 11.03 O000 TETKO

I 12-19-91 90.08 100 2.458 15 2.0 5 21.49 25.63 4.14 154 14.55 0.259 TETKO _,
2 12-19.91 9006 100 2.585 30 2.0 5 21.49 27.48 5.97 163 19.58 0.204 TEI"KO
3 12-19-91 9006 100 2.500 45 2.0 5 21.49 2631 O.O2 178 21.70 0.187 TETKO
4 12-19.91 90.17 80 2.024 15 2.0 5 21.49 25.67 4.18 132 14,68 0.170 TETKO
5 12-19.91 00.2 80 • 2.038 30 2.0 5 21.49 26.10 4.61 134 15.94 0.160 TETKO
6 12-19.91 90.1 80 2.011 45 2.0 5 21.49 25.51 4.02 141 14.20 0,181 TETKO
7 12-19.91 90.2 80 2,067 15 3.0 5 21.49 27.64 6,15 154 20.07 0.190 TETKO
8 12-19-91 903 80 1.952 30 3.0 5 21.49 2(3.00 7.51 155 23.38 0.157 TETKO
g 12-19-91 00.3 100 3.034 30 1.0 5 21.49 25.83 4.34 150 15.11:1 0.154 TETKO
10 12-19-91 90.2 100 2.980 45 1.0 5 21,49 26.10 4.61 146 15.93 0.148 TETKO
9 12-20-91 90,3 0 0,000 0 0.0 5 21.49 24.69 3.20 88 11.70 O000 CU-POLY
1 12-20-91 g0.3 80 2.368 15 2.0 5 21.49 28.52 5.03 146 17.12 0.170 CU-POLY
2 12-20-91 90.1 80 2.496 30 2.0 5 21.49 26.27 4.78 153 ;o.39 0,190 CU-POLY
3 12-20-91 90.3 80 2,482 45 2.0 5 21.49 26.66 5.17 156 17.51 0.179 CU-POLY
4 12-20-91 90,2 80 2.509 15 1.0 5 21.49 24.14 2.65 132 990 0.158 CU-POLY

5 12-20-91 90.3 80 2.479 45 1.0 5 21.49 25.25 3.76 115 13.44 0.117 CU-POLY
6 12-20-01 90,2 80 2.249 15 3.0 5 21.49 27.53 6.04 164 19.79 0.209 CU-POLY

7 12-20-91 90.2 80 2,184 30 3.0 5 21.49 28.65 7.16 173 22.53 0.162 CU-POLY
8 12-20-91 90,1 80 2,277 0 2,0 5 21.49 26.13 4.64 149 15.09 0,172 CU-POLY

10 12-20-91 90.2 100 3.735 O 1.0 5 21.49 2666 5,17 174 17.49 0.161 CU-POLY
11 12-20-91 00.2 100 3.499 30 1,0 5 21.49 26.90 5.41 150 18.13 0.148 CU-POLY
12 12-20-91 90,3 100 3.491 45 1.0 5 21.49 27.54 0,05 171 19.84 0,130 CU-POLY
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Table 3. Experimental Data on Dewatering of Corn I_ber Product of a Mercone Centrifuge (Initial Solids = 27.5 percent)
,,,

SAMPLE APPLIED AVERAGE UIS ELEC. APPLIED INITAL FINAL DELTA MAX LIQUID ENERGY FILTER

TEST TEST WEIGHT VOLTAG CURRENT POWER TIME PRES. SOLIDS SOLIDS SOLIDS SAMPLE REMOVED KW.HR! BELT MATERIAL

# DATE GRAMS VOLTS AMPS WATTS MIN PSI % % % TEMP, F GRAMS LB.FILT. TYPE SOURCE

1 11-18-91 60.04 80 0.690 0 3.0 5 27.50 27.89 0.39 112 0.84 1.491 IFCt 6093 DECATUR

2 11-18-91 50.21 80 0.775 15 3.0 5 27.50 30.02 2.52 118 5.05 0.292 IFC# 6093 REC'D
3 11-18-91 60.21 100 0.901 15 3.0 5 27.5C 31.61 4.11 142 7.83 0.278 IFC#6093 11-15-91

4 11-18-91 60.16 100 0.930 25 3.0 5 27.50 35.40 7.90 144 13.43 0.166 IFC#6093

5 11-18-91 60.06 100 1.050 15 3.0 7 27.50 35.91 8.41 147 14.07 0.174 IFC#6093

6 11-18-91 90.08 100 0.800 15 3.0 7 27.50 35.58 8.08 127 20.46 0.092 IFC# 6093
7 11-18-91 90.15 100 0.830 35 3.0 5 27.50 36.50 9.00 126 22.23 0.092 IFC# 6093

8 11-18-91 90.19 120 1.107 15 3.0 7 27.50 40.57 13.07 143 29.06 0.106 IFC#6093
1 11-20-91 90.16 100 1.221 25 3.0 5 27.50 34.04 6.54 135 17.32 0.1C,C, IFC#6093

2 11-20-91 90.13 120 1.632 25 3.0 5 27.50 33.30 5.80 172 15.70 0.290 IFC#6093
3 11-20-91 90.02 100 1.336 25 3.0 7 27.50 36.31 8.81 146 21.84 0.144 IFC# 6093 .,,I

i 4 11-20-91 90.08 120 1.693 25 3.0 5 27.50 33.33 5.83 207 15.75 0.300 CU-POLY



Table 4. Experimental Data on Dewatering of Corn Fiber Product of a Screw Press

SAMPLE APPLIED AVG. UIS ELEC. APPLIED INITIAL FINAL DELTA MAX LIQUID ENERGY FILTER

TEST TEST WEIGHT VOLTAG CURRENT POWER TIME PRES. SOLIDS SOLIDS SOLIDS SAMPLE REMOVED KW.HRI BELT MATERIAL

# DATE GRAMS VOLTS AMPS WATTS MIN PSI % % % TEMP, F GRAMS LB.FILT. TYPE SOURCE

1 01-03-92 90.1 100 0.872 0 2.0 5 29.67 31.45 1.78 101 5.10 0.258 CU-POLY DIMMITT

2 01-03-92 gO.O 120 1.130 0 3.0 5 29.67 32.10 2.43 130 6.82 0.451 CU-POLY REC'D
3 01-03-92 90.2 120 1.219 30 3.0 5 29.67 32.56 2.89 143 8.00 0.431 CU-POLY 01-03-92

4 01-03-92 90.1 120 1.154 30 3.0 5 29.67 32.91 3.24 141 8.87 0.370 IFC#6012
5 01-03-92 78.2 120 1.324 30 3.0 5 23.67 32.40 2.73 149 6.59 0.568 IFC#6093

6 01-03-92 90.3 120 1.211 15 3.0 5 29.67 32.87 3.20 149 8.79 0.383 IFC#6093

7 01-03-92 90.2 120 1.241 15 3.0 7 29.67 34.31 4.64 151 12.20 0.282 IFC#6093
9 01-O3-92 78.2 120 1.348 15 3.0 5 29.67 33.62 3.05 169 9.10 0.407 IFC#6093

10 01-07-92 60.2 120 1.522 30 3.0 15-5 38.93 48.14 9.21 184 11.52 0.371 CU-POLY DECATUR l,,,,ll

Do

3 01-09-92 90.3 120 1.396 15 3.0 5 27.32 33.07 5.75 152 15.70 0.246 CU-POLY DIMMITT
5 01-09-92 90.1 120 1.423 15 3.0 5 27.32 32.42 5.10 151 14.18 0.278 IFC#609 REC'D

6 01-09-92 90.3 120 1.440 0 3.0 5-5 27.32 33.34 6.02 152 16.31 0.240 CU-POLY 01-09-92
7 01-O9-92 90.4 120 1.390 15 3.0 5-5 27.32 34.64 7.32 150 19.10 0.202 CU-POLY
8 01-09-92 90.1 120 1.478 15 3.0 7 27.32 32.82 5.50 165 15.10 0.271 CU-POLY

10 01-09-92 90.4 120 1.380 15 3.0 15-5 27.32 36.43 9.11 175 22.60 0.169 CU-POLY

1 01-17-92 90.16 0 0.000 0 0.0 5 26.31 27.32 1.01 67 3.33 0.000 CU-POLY DIMMITT

2 01-17-92 90.16 40 0.427 0 3.0 5 26.31 27.34 1.03 75 3.40 0.114 CU-POLY REC'D

3 01-17-92 90.30 80 0.954 0 3.0 5 26.31 28.25 1.94 98 6.20 0.279 CU-POLY 01-16-92
4 01-17-92 90.34 120 1.608 0 3.0 5 26.31 30.52 4.21 155 12.46 0.351 CU-POLY

5 01-17-92 90.37 120 1.629 8 3.0 5 26.31 30.60 4.29 154 12.67 0.353 CU-POLY

6 01-17-92 90.31 120 1.657 15 3.0 5 26.31 30.80 4.49 180 13.17 0.348 CU-POLY
7 01-17-92 90.37 120 1.678 30 3.0 5 26.31 31.20 4.89 180 14.16 0.332 CU-POLY

8 01-17-92 90.34 120 1.692 45 3.0 5 26.31 31.02 4.71 184 13.72 0.351 CU-POLY
9 01-17-92 90.33 120 1.903 30 2.0 5 26.31 30.14 3.83 149 11.48 0.309 CU-POLY

10 01 -17-92 90.36 120 1.SgO 30 1.0 5 26.31 29.25 2.94 117 9.08 0.194 CU-POLY
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The main variablestested were the electric voltage, residence time, and ultrasonic wattage. In

_dmon. during the testing process, it was found that aging of the product and applied pressure had

stgmficanteffects on the amountof dewatering (delta solids, i.e., the increase in solids content), soe

some tests were performed to quantifythese effects. Since it was desired to replacethe outerpolymer

belt and the stainless steel cathode belt on the EAD prototypewith a new single copper-polymer

cathode belt, some laboratory testswere performedto determine any unforeseeneffects due to the

new cathode belt. Effect of each variable on electroacousticdewatering(EAD) performance and

energy consumptionis describedbelow.

Effect of Vgl_ge. Appliedvoltage across the filter cake, for a given cake thickness, is the

most significant variable in EAD. Figure 5 shows a representativeEAD performance (delta solids) as

a function of applied'voltage for corn fiber. The data are from test numbers 1 through 4 on 01/17/92

for corn fiber product of a screw press with 26.3 percent initial solids. The effect is monotonic with

the slope indicating that relative gain in delta solids per unit increment in applied voltage is better at

higher voltages. These results show that the general EAD behaviorof the more dewateredmaterials

used in this phase is comparable to theEAD behavior of the dilute materials used in Phase I and

Phase II.

Effect of Residence Time. Figure 6 shows the effect of residencetime on delta solids from

two sets of experiments; one for a productof Merconecentrifugeandanother for a productof a

screw press. The effect is essentially linear, monotonically increasing with residencetime. However,

the energy consumption per poundof removed filtrate also increases, indicatingthat there may be an

optimum with respect to processing rate and energyconsumption. This can be determined later after

the field tests, when complete energy consumptionanalysis is performed.

Effect of Ultrasonic Power. Figure 7 shows the effect of ultrasonic power on EAD

performance for two sets of experiments. The range of ultrasonic wattage is from 0 to 45 watts (0 to

1 W/cm2). It should be noted that on the prototype belt press, the maximum ultrasonic wattage is 0

to 0.5 W/cm2, exactly half the maximum value used in the laboratorytests. Laboratorytests were

conducted at high wattage to find the limits of ultrasonic effect. Typically, the ultrasonic effect

reaches a maximum around 0.66 W/cm2 (30 watts in the bench-scale apparatus with an area of
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45 era2).Inthesetests,ultrasoniccontributedapproximately25 percentofthetotalEAD effect.

More_wer.sinceultrasoniccontributesonlya smallamounttothetotalpowerconsumption,itseffect

isonl,_beneficialwithoutanyundesirableeffectssuchasheatingofthef'dtercake.As canbe seen

fromtestnumbers6,7,and 8,on 01/17/92,finaltemperatureofthefiltercakeisalmostconstant

whiledeltasolidswentup by onepercentfrom 15to30 wattsofultrasonicwattage.Energy

consumptionperpoundofremovedfiltratealsodecreasedwithincreasingultrasonics.The above

resultsshow that,asinthecaseofmore dilutecornfiberfeedstrokes,ultrasonicenergyisan

importantcontributortotheEAD performanceofmore predewateredfeedstocks.

..Effect of Belt Material, Previously; the prototype EAD belt press had a polyester belt serving

as the outer belt and a metal belt beneath it, serving as the cathode belt. In a new version, a single

belt made of copper-polyester performs the dual role of the outer belt and the cathode belt.

Experiments were performed to determine if this change has any detrimental effect on EAD

performance. Figure 8 shows two sets of data with all independent variables being the same except

for the belt material. Both the polyester belt (Tetko) and copper-polyester belt gave similar EAD

results indicating no degradation of performance due to the use of copper-polyester belt. We expect

the performance of the copper-polyester belt is, in fact, better if the effects of aging of corn fiber

slurry are taken into account (see discussion below on corn fiber aging). The average current

obtained using the copper-polyester belt was always higher indicating less overall electrical resistance

and better EAD results. In addition to testing the new cathode belt, a number of tests were also

conducted with the Decatur sample to compare two types of polymer belts for using next to the anode

(i.e., inner polymeric belt). The results in Tables 2 and 3 show essentially no difference between

these two belts.

Effect of Aging of Corn Fiber, The ability to dewater corn fiber appears to decrease with

increasing age of product. An example is the EAD results of test number 3 on 12/18/91, and test

number 2 on 12119191. A reduction of 35 percent in delta solids was obtained when the corn fiber

was tested one day older. This is not a concern during field tests since the product to be tested is
+

fresh from previous steps of dewatering. However, it does affect the bench-scale (laboratory) results

since the product is at least one day old or older by the time it is tested in the laboratory. Thus, we

expect the results of field tests to be better than those obtained in the laboratory. A likely reason for

this aging effect is that the sample picked up air and this created more void space.

....................... ,,,m............
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Effect of Pressure. Void space in the corn fiber filter cake decreases the conductivity of the

cake. reducing the amount of dewatering. Since the present tests were conducted with drier cake than

Phase H tests (17 percent dry solids versus 21-30 percent dry solids), void space effect is more

pronounced in the present tests. Increasing the pressure reduces the air gaps, enhancing EAD

performance. By increasing the pressure from 5 psi to 7 psi almost a greater than 50 percent increase

in EAD performance can be obtained, as shown in Table 5. Another examvle is test number 10 on

01/07/92. Here, a pressure of 15 psi was applied to the filter cake from a screw press for 30 seconds

and then the pressure was reduced to 5 psi for a normal EAD test run of 3 minutes (Table 4). The

sample which was initially 38 percent dry solids was dewatered to 48 percent dry solids group, a delta

solids EAD of 9.2 percent, which is about twice that achieved for other screw press materials (Table

4). We believe that this high level of dewatering was obtained because the 15 psi pressure for 30

seconds reduced the void space to a large extent. It is clear that field tests should be performed at the

highest permissible pressures with the belt strength capabilities determining the limit. In addition,

sheering action in the prototype belt press should also help in removing the trapped air in the filter

cake.

EnerL_, Con{tumvtion. The energy consumption measured in terms of kilowatt hours per

pound of removed filtrate has been quite high for the present corn fiber tests. In fact, relative to a

few laboratory simulation tests performed with more dewatered (27.3 percent solids) material in Phase

II (11/22/88), the energy consumption is higher by a factor of about two. We expect that it is due to

tWO reasons;

(1) Phase 11tests were performed at a higher pressure, at 7 psi versus the present 5 psi, and

(2) The method of sample preparation.

As discussed under the "effect of pressure", even an additional 2 psi results in almost a 50 percent

gain in EAD performance. The present tests were conducted at the lower (5 psi) pressure values

because it is more representative of the attainable pressures in the field tests with the prototype belt

press. Furthermore, in Phase II tests, the corn fiber was predewatered to 27.3 percent dry solids
b

using a bench scale belt press. This in effect compressed the f'dter cake, removing the air gaps and

thus increasing the effective conductivity. In the present tests, no such pressing was performed and

the material in its fluffy form was subjected to EAD. During the field tests, we expect that pumping

...................................................................... _.._._,_



Table 5. Effect of Applied Pressure on EAD of Corn Fiber

ENERGY

SAMPLE PRESSURE VOLTAGE INITIAL KWHRILB

DATE SIZE (g) (psi) VOLTS U.S. WATI'S SOLIDS % AS FILTRATE

I !/18/91 60 5 100 15 27.5 4.1 0.278

" I 1/18/91 60 7 100 15 27.5 8.41 0.174

! I/20/91 90 5 IO0 25 27.5 6.54 O. 166

I 1120191 90 7 I00 25 27.5 8.81 O. 144

113192 90 5 120 15 29.67 3.20 O.383

I/3192 90 7 120 15 29.67 4.64 0.282
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the material on to the belt press with Moyno pump will reduce the air gaps in the filter cake,

effectively enhancing EA,D performance.

Dfgatur Versu_ Dimmitf Corn Product. A comparison of these two products shows that the
i

Dimmiu product is harder to dewater. For example, the product of centrifugation at Decatur

consisted of 21 to 27 percent solids, while screw pressing, which is far more effective than

centrifugation, produced about 39 percent solids (Table 4, Test No. 10 on 01107/92). On the other

hand, screw pressing of Dimmitt material only produced about 26 to 30 percent solids. Apparently,

the Dimmitt Plant grinds the corn fiber finer than in other plants, making dewatering harder. For this

reason, the Dimmitt material is probably a better test of the potential of EAD.

A comparison of the Decatur and Dimmitt materials with respect to EAD performance is

shown in Figure 6. As seen here, the delta EAD is lower for the Dimmitt material. It is believed

that this difference is only partly because the Dimmitt material is harder to dewater, having already

been taken to limit of mechanical dewatering. An additional reason for lower delta EAD for Dimmitt

material is believed to be the longer aging period. The screw pressed Dimmitt material is apparently

allowed to sit in a pile before sampling which the Mercone centrifuge product from Decatur is

sampled soon after centrifugation. It is, therefore, believed that the Dimmitt material will dewater far

better than discovered in the laboratory.

.Rcc0mmcnde_ Range of Field Test Conditions. Based upon the analysis of data, the range

of independent variable values for field tests can be determined with some confidence. Applied

voltage should be high (100-120 V). Residence time values are determined based on the economic

trade off between-processing rate and amount of dewatering desired. Assuming that there is no scale-

up effect, and the ultrasonic coupling efficiency in the prototype is comparable to that in the bench

scale unit, then the ultrasonic wattage for the field tests should be at the maximum possible wattage

(0.5 W/cm 2) since that would correspond to 22.5 watts on the laboratory apparatus in which the peak

effect of ultrasonics occurred around 30 watts. Actually, since the ultrasonic coupling in field unit

cannot be as good as in the laboratory unit, any improvement in EAD prototype (field unit) design to

achieve a higher input level of ultrasonics will be beneficial unless there is a favorable scale-up effect

similar to that observed for sewage sludge EAD. Finally, any design improvements to increase the

pressure capability of the current prototype from a maximum of 4 psi will be most beneficial; a target

of 7 to 10 psi is suggested. We expect the EAD performance to be better than the 5 to 8 percent



Table 6. Experimental Data on Dewatering of Corn Gluten (from Decalur0 Alabama)

SAMPLE APPLIED AVERAGE U/S ELEC. APPLIED INITAL FINAL DELTA MAX LIQUID ENERGY
TEST TEST WEIGHT VOLTAG CURRENT POWER TIME PRES. SOLIDS SOLIDS SOLIDS SAMPLE REMOVED KW.HRI

# DATE GRAMS VOLTS AMPS WATTS MIN PSI % % % TEMP., F GRAMS LB.FILT.

2 01-07-92 89.89 40 1.975 0 3.0 5 24.34 39.69 15.35 136 34.76 0.052
3 01-07-92 89.69 40 1.235 15 3.0 5 24.34 40.03 15.69 93 35.15 0.034
4 01-07-92 90.04 40 1.872 30 3.0 5 24.34 40.47 16.13 142 35.89 0.051
5 01-07-92 89.94 40 2.064 45 3.0 5 24.34 40.65 16.31 125 36.09 0.058

1 01-08-92 90.09 40 1.852 0 3.0 5 28.61 38.84 10.23 112 23.73 0.071

2 01-08-92 90.12 40 1.866 10 3.0 5 28.61 38.11 9.50 124 22.46 0.077
3 01-08-92 90.15 40 1.868 25 3.0 5 28.61 38.66 10.05 126 23.44 0.077
4 01-08-92 89.97 60 2.572 25 2.0 5 28.61 39.10 10.49 123 24.14 0.098

5 01-08-92 60.69 40 1.858 15 3.0 5 28.61 43.80 15.19 120 21.05 0.081
6 01-08-92 60.45 40 1.814 0 3.0 5 28.61 42.19 13.58 127 19.46 0.085
7 01-08-92 59.85 40 1.869 8 3.0 5 28.61 42.11 13.50 120 19.19 0.089
8 01-08-92 60.10 50 1.934 8 3.0 5 28.61 42.14 13.53 129 19.30 0.114

9* 01-08-92 90.35 40 1.458 0 3.0 5 28.61 41.21 12.60 112 27.62 0.048
10" 01-08-92 90.25 40 1.473 25 3.0 5 28.61 40.30 11.69 105 26.18 0.055a

11" 01-08-92 89.90 40 1.435 10 3.0 5 28.61 40.22 11.61 108 25.95 0.052

1 01-10-92 44.95 0 0.000 0 0.0 5 28.61 31.42 2.81 74 4.02 0.000

2 01-10-92 44.99 30 1.552 15 3.0 5 28.61 35.73 7.12 112 8.97 0.125
3 01-10-92 45.35 40 2.440 15 2.0 5 28.61 37.33 8.72 131 10.59 0.144
4 01-10-92 45.27 40 2_287 15 2.0 5 28.61 37.54 8.93 133 10.77 0.133

5 01-10-92 45.58 40 1.559 15 3.5 5 28.61 38.00 9.39 137 11.26 0.154

6 01-10-92 45.18 50 2.562 15 2.0 5 28.61 37.37 8.76 158 10.59 0.187

* TETKO Filterbelt, the rest ere Copper-poly belt.

a matedal leaked though belt
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delta solids obtainedin the bench-scale tests in the laboratory. The freshnessof the screw press

product, removal of air gaps due to pumping thematerialand shearingactionof the belt press should

enhancethe EAD performancemaking the 8 to 11 percent increasein solids content projected in

, PhaseIIareasonabletargetforfieldtesting.

_.2o2 Corn Gluten Testing_

In Phase H, the corn gluten tests were not successful since the feed was very dilute and the

particlesize was small comparedto the openings in the belt used in the belt press. However, with the

Phase m design, which uses predewateredmaterial with the consistency of a filter cake, produced

after centrifugation, it may be possible to handle this material without requiringany special belts.

Therefore, a series of tests were conducted on one batchof corn gluten material. The sampleinitially

had a solids content of 11 percent. This samplewas centrifugedfurtherin the laboratoryto 24.3

percent solids level in one case and to 28.6 percent in another case beforebeing subject to EAD.

These data, summarized in Table 6 showed the following:

(1) The copper-polybelt was adequatefor handling the corn gluten feed stock. However,

with the polymericTetko belt, some material extrudedthroughthe belt at high ultrasonic

(25-watt) intensity.

(2) The ultrasonic effect was much smallerthan the electric field effect, unlike for corn

fiber.

(3) The delta solids for corn gluten was up to about 16 percentwhich was roughly twice that

for Dimmitt corn fiber, while employing only one-third the voltage level (i.e., 40 volts

versus 120 volts). In the absence of EAD, i.e., with pressureonly, the delta solids were

only 2.8 percent.

(4) The energy consumption was low-in the range of 0.05 to 0.075 kwh filtrate-

disregarding the data obtained on the last day of testing (01/10/92), which showed an

aging effect. This energy consumption level was about half of thatobserved in Phase II

simulation tests with a special belt. The averageobserved value (0.06 kwh) corresponds

to an energy level less than one-third of the thermal energyrequired for drying. At this

EAD energy consumptionlevel and assuminga 13 percent delta solids, i.e., increase ino

solids contentfor 30 to 43 percent, the estimatedenergy savings due to the requirement
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of a smaller thermal dryer are 25 percent. This translates to an estimated 2.2xi012

Bm/yr energy savings by 1995.

Based on the above results, the application of EAD to corn gluten dewatering/drying is worth

considering in the future.

3.3 F._uipment Modifications and Readiness Testin_

Based on the analysi_ of corn fiber dewatering requirements, a checklist of items was prepared

for the first shakedown testing. This checklist along with pass/fail criteria and the observations

during the first shakedown testing is given in Table 7. The details of this shakedown testing and

additional efforts by Ashbrook-Simon-Hartley in modifying and testing the EAD belt press are

provided below.

3.3.1 First Readiness ¢Shakedown) Testing

A Battelle staff member visited Ashbrook-Simon-Hartley to assist in the installation and

checkout of the EAD prototype belt press. An installation checkout list had been provided to

Ashbrook by Battelle and this was followed item-by-item throughout the installation and checkout

procedure. Table 7 shows the list of items checked as part of the shakedown testing of the EAD

prototype belt press.

The control room and belt press was installed on site and all electrical wiring and plumbing

was comp!eted and checked out. The belt press was found to be in good mechanical working order.

All the electrical motors and water pumps were checked for rotation and pumping capacity and found

to operate satisfactorily. The water flow meter to the fluid coupling seal has been removed and needs

to be reinstalled so the water flow rate to the seal can be measured.

Eight barrels of 36 percent solids, corn fiber from American Fructose, Dimmirt, Texas, were

delivered on site and used to check the feed spreader system and the operation of the belt press. (The

anticipated solids content of the feed, based on earlier testing was 24 to 29 percent.) Due to the high

solids content of the feed, the corn fiber was loaded directly into the feed spreader hopper, so the

Moyno feed pump or the belt conveyor feed systems were not used during this checkout. For future

testing a belt conveyor was identified. Also, the stainless steel cake exit chute needed to be installed.



Table '7. R_qulls of First Slumkedown Teslinlt {July 29.-31, 1992) of EAD I%-o(otype Belt Pr_q.q



TnMe ?. R_qultsot l_rst ShakedownT_qtingUuly 29-31, 1992)ef E_kDPrololypeBell Pre_ (Continued)

Tunin8 procedure fm ukmmek Irenen_o_ (11 Sel ¢_terml frequency coalv_ fldly clockwho
(21 _t uhrmmk vnerek_ m hll

O) Adjuu feedbeck pot m nkmahe2.S qm_t|

(41 Adjua innemsI rrequemy _ to mlah_m feedbeck valklP

(5) Iteod_ua kedhKk voluq_ m 1.5 _mhm

(6) Adjure Iw,wer to mnimum vad've

Feedback voltql e rudbqJ ill vlRd mdy 8t IqAJllO'i_l.
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The new Tetko 7041 innerbelt anda copper-poly outer belt were installed and checked for belt

tracking and tension. Both belts had a 4-in.-wide waterseal strip on both sides to eliminate water
t

leaking through the side edge of the belt when passing through the fluid coupling seals. The belts

were cycled for approximately 10 hours at 1 m/rain belt speed and a belt tension of 90 pounds per

linear inch (pli). The Tetko inner belt appeared to stretch uniformly and track well and would be

satisfactory for use with corn fiber. The copper-poly outer belt stretched nonuniformly across the

stitched seam, the outer sealed edges did not stretch while the copper-poly material in the center

section of the belt was approximately 12 inches off initial seam-line positions. This belt would not be

satisfactory for use in the configuration. A new copper-poly belt without the water-sealed edge strips

was, therefore, ordered from IFC. Ashbro0k had tested a smaller unsealed copper-poly belt on their

small belt tester without a stretching problem.

Corn fiber was loaded directly into the feed spreader hopper to check for uniformity of

thickness and even distribution or corn fiber across the belt width. The corn fiber spread very evenly

across the width of the belt, down to a minimum thickness of 1.25 inches with this dry corn fiber

feed material. The feed screw stalls when the hopper is loaded over half full. Ashbrook was advised

to install a larger motor and gear to eliminate this problem. The minimum feed of 1.25 inches results

in a cake output of approximately 3/4-inch thickness and this may be reduced even further when

feeding corn fiber material with 28-30 percent solids content. The belt speed control system was

checked out and found to be in good working order. Minimum belt speed was 0.28 m/rain and the

maximum belt speed was 3.65 m/rain; this wide range of belt speed should be satisfactory for corn

fiber testing.

The direct-current power supply checked out satisfactory. Open voltage output was 100 volts.

With a 3/4-inch cake output, the voltage was 70 volts with a current of 700 amps. The red flashing

safety beacons needed to be replaced.

The ultrasonic generators were checked and found to be all operative and in good working

order. Power output of all 6 generators was low with a maximum output of 1400 watts each. All 6

generators were returned under load, 3/4-inch-thick corn fiber, using the standard tuning procedure.

All tuned to a minimum of 1700 watts ultrasonic power output which should be acceptable for use

with corn fiber.

New soft rubber lining was applied over the hard outside liner of the fluid coupling water
D

seals. The water leakage from the seals was estimated to be less than one gallon per minute. Some

leaking occurred when the belt flaps went through the seals. It was not possible to measure the water
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flow to the fluid coupling seals because the flow meter has been removed. Ashbrookplanned to

instaila new flow meter. It was suggested thata stainless steel drip panbe fabricatedto catch this

fluid coupling seal leakageand overflow waterfor disposal to the drain system.

In summary, the following seven action items were discussed with Ashbrookfor taking action

on, priorto retesting:

(1) Install new waterflow meter in the fluid coupling waterline.

('2) Checkout belt feed loading conveyor.

(3) Install stainless steel cake exit chute.

(4) Ordera copper-polybelt without side waterseals.

(5) Replace feed spreaderscrew motorandgearbox.

(6) Fabricate stainless steel drip pans for fluid coupling seals.

(7) Replace red flashing safety beacons.

3.3.2 Second Readiness Te_ting

Two Battellestaff visited Ashbrook to assist in the checkoutof the EAD prototypebelt press

before shipmentto the Dimmitt, Texas, test site. The objective was to ensure properoperationof all

the belt press mechanical systems and to see if the new copper-polyouterbelt would be satisfactory

for use with the Dimmitt corn fiber material. The seven action items identifiedduring the first

readiness (shakedown)testing, done in July 1992, were followed up duringthe second readiness

testing duringSeptember16-17, 1992. The results of the follow-up were as follows:

1. Install new waterflow meter. (Installedand operational.)

2. In_talland checkoutbelt loading conveyor. Cmstalledand operational.)

3. Install cake exit chute. (Installedand operational.)

4. Order and install a new copper-polybelt. (Operationnot satisfactory-details below.)

5. Replace feed spreaderscrew motorandgearbox. (Operationnot satisfactory-details

below.)

6. Fabricatestainless steel drip pans. 0nstalled and operational.)

7. Replace red flashing safety beacons. (Replaced and operational.)

Six barrels of 36 percent solids, corn fiber from Dimmitt were deliveredon site to be used for

checking the feed system and operation of the new copper-poly belt, which eliminates one of the three

belts on the system. The corn fiber was loaded into the feed conveyor for transport to the feed
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spreader hopper located on top of the belt press. After relocation of the conveyor and adjustments to

the feed spreader screw system, it appeared that we could achieve a reasonably uniform feed thickness

with a :i: 15 percent thickness variation. With this high solids material, it appeared that 1.25 inches

was the minimum uncompressed thickness that could be obtained with the present feed spreader

system. This thickness was substantially reduced (approximately 0.5 inch) when compressed between

the two belts. Ashbrook had not replaced the feed spreader screw motor and gearbox system, which

appeared to be marginally operating. Ashbrook agreed to modify the feeder system to avoid motor

stalling under load.

A more serious problem was the failure of the stitching or the retaining metal clips of the

copper-poly belt under load. The new copper-poly outer belt was installed and checked for belt

tension and tracking. The belt was cycled for about 7 hours at 1 m/rain belt speed and a belt tension

of 45 pli (pounds per linear inch). The belt tracked well and no stretching at the seams was visible.

The belt tension was increased to 65 pli and corn fiber material was loaded on the belt. After a very

short operating time the metal clips used to stitch the seam began to pull out and the belt test had to

be terminated. This 65 pli was well below our minimum required 90 pli, which corresponds to 3.5

psi pressure on the filter cake. All laboratory tests for corn fiber dewatering were performed with

cake nressure of at least 5 psi. It was agreed that Ashbrook should consult with the belt manufacturer

in New York to see if this problem can be resolved. Although a moving belt press allows some

shearing motion to the cake, a belt tension of 90 pli is believed to be the minimum necessary to

dewater corn fiber with solids greater than 28 percent. Since Ashbrook and Battelle did not want to

return to the three-belt system, the prototype shakedown was put on hold until this belt problem was

corrected.

3.3.3 Additional Belt Press Modifications

The main equipment problem remaining after the second readiness testing was the failure of the

stitches on the new, improved cathode belt. While the old, three-belt system worked well

mechanically, the new two-belt system is more desirable for improving the EAD process economics.

On further discussion with IFC, the supplier of the copper-poly belt, it was decided to vulcanize a 3-

• inch-wide strip across each end of the belt, then metal stitch the seam together. A 15-inch-wide piece

of such an endless belt was fabricated by IFC. This belt was tested at over 100 pli and elevated

temperatures without any problems. Then, IFC prepared a vulcanized-seam endless belt for the
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prototypeforon-sitetestingatasludgetreatmentplantinMarch1993.Unfortunately,theseams

cameapartontestingunderEAD conditions.IFCbelievesthatthefailurewascausedbyinadequate,

on-sitecuringoftheepoxyusedforsealing.

Aftertheabovetesting,itwasnecessaryeithertolaunchanadditionaldevelopmentaleffortto

makethemoreeconomicaltwo-beltsystemworkortorevertbacktotheproven,butexpensive,

three-beltsystem.Atthispoint,Ashbrook,whichwasalsoacquiredbyanotherfirmaboutthesame

time,wasnotabletocommitthemanpowerandotherresourcestomodifythecopper-polybelt,

whichtheyfeltwascriticalfortheeconomicviabilityoftheprocess.Therefore,theplansforfurther

developmentandfieldtestinghadtobeabandoned.
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4.0 CONCLUSIONS

• The following conclusions can be drawn from this study:

(1) Both corn fiber and corn gluten can be effectively dew_tered in a bench-scale

0aboratory) EAD unit even after mechanical predewatcring. The EAD behavior of this

predewatered material, with a solids content as high as 30 percent, is comparable to the

EAD behavior of dilute (17 percent solids) feedstocks observed in previous research.

(2) For corn fiber dewatering, the electric as well as the ultrasonic effects are important.

But, for corn gluten, the ultrasonic effect is considerably smaller than the electric field

effect.

(3) The bench-scale HAD data show that corn gluten is also, along with corn fiber, a worthy

candidate for future field testing.

(4) The single-roll, postdewatering EAD belt press prototype can accept material

predewatered by a screw press, centrifuge, or any other mechanical dewatering device.

(5) The laboratory tests show that the two-belt system, utilizing a copper-polymer cathode

belt, performs as well as the three-belt system used in Phase II; however, its mechanical

performance in full-scale tests remains to be seen.
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FOUNDRIES,METAL CASTINGR&D, GLASS,AND REFRACTORIES

Integratedmanufacturinginformationsystem: implement January 1994
pill model.

Create a mill softwaremodel which representsmill
, productionpositionsat any point in time; this

model will indicateunit productionavailability.

Integratedmanufacturinginformationsystem: develop February 1994
data bases.

Create mainframeand ReducedInstructionSet
Computing (RISC)data bases to supportthe total
program.

Integratedmanufacturinginformationsystem: develop April 1994
short term processcode logic.

Processcodes are descriptionsof productionrates
that materialmust follow. Completionof the short
term code will enable early deliveryof schedule
systems. Completionof the long term code will
follow in early FY 1995.

Integratedmanufacturinginformationsystem: material July 1994
tracking.

Completematerialtrackingpoints,formats,and
lead times; incorporatecapacities,capabilities,
and configurationsof handlingdevices.

Integratedmanufacturinginformationsystem: design/ August 1994
develop schedulingsystem.

Design and develop initialthree phases of
"intelligentpush-throughscheduling." Other

. subsequentscheduleswill be based on this
concept.
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