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ABSTHACT

AEFOVAL CF LIQUID FiCi. PCULTHY WASTE BY ELECTRO-CSICGSIS

ya—-

by FoID VERLON NURNBERGER

The removal of molsture from chicken excrement by the
process of electro-osmocls was studied using four voltages
5, 10, 15 and 20 volts D.C. Electrodes of two different shspes,
and three different materials were used. Current flow vs.
elapsed time, temperature vs. elapsed time, ligquld expelled vs.
elapsed time, and molsture content reduction vs. applied voltage
were stucdied.

The pilug type electrodes gave higher curreant flows, ten-
peratures and greater molsture content reduction than the rod
type. Stainless steel electrodes were slightly better than
steel and corroded much less than copper electrodes.

Initial moisture contsat of the droppirnzs was 78 to 80,
on a wet basis. The nmexinun reduction was 4.34 on a wet basis

1,

which ic not sufficient to permit pelleting.

Deporteeat Cafirman
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Tne present trend of poultrymen and other livestocik pro-
ducers 1s toward confineuent housing and feed lots. The prctlen
of waste Clgic:~Z “rom these orerations 1s becoming more criticsal
with thelir increasing anizal concentration and proximity to
densely populated arezs. Fileld spreading of the veaste materizsl
1s not generelly possible since in most cases the feed is pur-
chaced and thus sufficient field area is not available.

The methods of cowposting and lazgooning are objectionatle
for five major reessons. rhese are: 1. the creation of objec-
tionsble ocdors bty their bacterizl action, 2. the flies that use
these areas for breecding create a public nulcance and heslth
hozerd, 3. drainsge from these areas can contaminate undéergsround
water leacding to public and privete water supply lines, 4. plant
nutrients are lost from the composte pile due to cdecomposition
and leaching, and 5. 1in lagoons all the plant nutrlents are lost
csince the material is thoroughly cdecorposed. Also large areas
are requlred which makes them prohibitive for large operations.
Thus some new form of waste disposal is needed.

In addition to disposing of the waste materizl, it would
e desiretle to have a saleable product. This would provide
the livestock owner with additional income from materials he is
presently throwing away. The procduct would be in the form of
a dry or pelleted substance suitable for use on lawns, shrubs,

gardens, etc. From reports on pelletizing feed concentrates

and hay, it appears that the nolsture content of the excrementi



would have to be reduced to a range of 5-257 wet basis for
pelleting. 7“his is the range of moisture contents reported
for feed end hay respectively.

Otls E. Cross in his thesls, "The Influence of Variable
Farameters on the Electro-osrotic hoisture ligration in Poultry
Excrement" at lichigan State University (1363), concluded that
the amount of liguid expelled by electro-osmosis was a function
of: 1. current flow, 2. tinme, 3. 1length of sanple, and
L. moisture content of the sample.

In his Investigation, Cross used a constant voltage that
provided equzal inltlal cwrents. These values were held to a
sufficiently low level to reduce the affect of Joule heating.
The samnples were placed horizontally to eliminate the effect
of gravitational flow. +The results of that study showed that
the nmoisture content of povltry excrement was not reduced to a
pelletable level.

The purpose of this investigation was the utilization of
Joule heating end gravitational flow to assist the electro-
osmotic process in reducing the moilsture content to a suitable
level. Preliminary tests indicated that if the voltage was
greater than 30 volts the samples became very hot. The liquid
vias thus evaporated, in fact bolled, instead of being removed
by the electro-osiiotic process. To keep the Joule heating fron
golng to this extreme, the voltages selected for this investi-
gation were 5, 10, 15, and 20 volts D.C. The samples were

placed in a vertical position to include the gravitational flow.



In adécitlon to this, cdifferent electrode rateriaels and
shapes werec studled. The metals chosen were: 1. copper,
2. stainless steel, and 3. steel. Each of these three was
obtalned in two c¢ifferent forms: 1. plug type 2" cdia. x 1"

thick and 2. rod type 3" dia. x 2" long.

AFFARATUS

Lhe containers used for the test sauples (fig. 1) were
nade froum plastic tubinzg with 5" I.D., wall thickness of 4",
and a lengtn of approximately 15". A plece of sheet zluainun
was mountec on one end of the tube to form the base and serve
as the cathode. The plastic tube was sealed to the base with
calking compound. Holes, 1/8" dia., were dérilled through the
pase to allow passage of the liquid. Flywood was used for a
loose cover on the tube. Two holes were drilled through the
cover to pernit the entrance of the electrode wire and to hold
the thermorieter in place. The thermometers used were standard
lavoratory =20 to 4+110° C thermometers.

The sample tubes were placed on a stand over receptacles
for the collection of the liqguid expelled. I.easurement of the
liquid was achieved by pouring the contents of the receptacles
into a 100 milliliter graduated cylincer.

The electrical system was composed of a D.C. power supply,

electrodes, voltmeter, ammeters, and the samples (fig. 2 & 3).
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P::0CZDURE

Chicken excrenment for the tests was obtained from the
dropping board of caged laying hens. All tests were made with
excrenent collected from the same group of chickens. The
naterial for a test wes placed 1n a large contalner and thor-
oughly stirred to obtaln as uniform a rixzture s possible. TIwo
sauples of approximately 150 grams each were telken froa this
nixture, welghed, and placed in a 200° F oven to éry. From
these samples the initial moisture content, % wet basis, was
determined.

Zach tube was then placed on a scale and four pounds of
the mlxed excrerent placed in 1t. This value was chosen for
two reasons: 1. uniformity, and 2. it filled the tubes approx-
linsately one-half full thus allowing room for any expansion that
rizht taxke place. ©mach sample was tamped in an effort to remove
the air pockets and to obtaln constant bulk density of samples.
Five sazples were uscd for cach test run: 1. two for each
electrode type ez. tio samples wlth coprer plug electrodes and
two sanples witnh stainless steel plug electrodes, 2. one sziple
for control with no applied voltage. Thus two cdiffereant electrode
types and/or unaterials were tested during each run.

Bach electrode was welighed before and after each test run
to deternine its change in wcight( The elctrodes were placed
in the center of the cylinders. The plug type was subicrged
until the top of the electroce was even witnh thie top of the sanple
(fig. 2). The rod type, however, was coipletely subierged to the

center of thne szmzple (fige 3).



he data recorded was: 1. time, 2. voltage (adjusted

to predetermined value), 3. aoxeter reading for eachn sarple,
and L. ne teuperature of each casple.s These readings were
taken hourly uutil a cefinlte downward trenc becare estatllshed,

then rveriocdlceally for the cuwration of tae test. The liguid
ra2zoved vas neacvred wignever there had been a su
collected to cause neglizilvie error while traunsferring it from
the receptacle to the groduatec cylinder. Thus its freguency
cecreasced 23 the test run procressed.

The test run wes terninated when the liquid removel rate

arpearcd to te very low. fhe steps involved 1a thae terndnatlion

ere g follows: 1. tolie fiacl data readinss; Z. snuc oif
poier supply, ¢lisconnect, clean, and welih electrodes; 2. tior-

ouzh rixing of each sawnple; and L. welighing of approximately
150 guse of tihe contents of each saxple and placeuent of it in
the drylag oven for flual noisture coantent cdetermination. Ihe
remalader of the sauwple was discarded and the eguipnent nmade
ready for the next test run. All of the drylng sanmples were
left in the oven for a winiimua of 36 hours to ensure complete

- S
O.I'yl:lc .

DATA ZVALUATION

Evalunstion of the data consisted of plotting the following

rapns: 1. current flow vs. clapsed time; Z. teuaperature vs.

—

clapsed tise; 3. 1liguld removed vs. elapsed timwe; 4. moisture
content reduction, 5 wet basis, vs. applied voltage; 5. wmaxinuwa

temperature deviation vs. applied voltage; and C. eaverase

(5]



electrode w=2lzht locs vs. apglied voltage. Thie cuxrent flow
& I

vse €lapsed tine cwves were planimeterec to determine thre
total aimpere-hours of cwrrent used. These values were then

used for electroce evaluation end electrode welght loss ceter-

ination.

Tiie general shapes of the curves for current flow vs.
elapsed time were of two forms. The simplest (type 1) was
monotonic decreasing frox its initial value until 1t approached
somc acsyrptotic value. The other fora (type 2) started like
the first but after a few nours began to increase. This con-
tinued untll an absolute meximun had been reached. Then, it
usually tecane monotonlc decreasing ané continued similar to
type one. Occasionslly seconcary local nexiiums occurred.

For the £, 10, and 15 volt D.C. tests all samples with
the rod type electrodes gave curves of type 1, fig. 4, 5, & 6.
At the 20 volt D.C. level the rod electrodes geve results similar
to type 2. Lowever, the secondary local maximwis were much less
than the inltial current level. The stainless steel plug type
electrodes gave type 2 curves for all four voltages tested, fig.
7. The stecel plug type electrodes gave type 2 curves for the
15 and 20 volt tests but type 1 curves for the 5 and 10 volt
tests, fig. 5. The copper plug type zave type 2 curves for the

10, 15, and 20 volt tests and type 1 for the 5 volt tests, fig. G.
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The magnitude of the secondary local maximums increased with

increasing voltage.

RESULTS €= PIANTLSTENTING

The current flow vse. elapsed time curves were planinetered
to determine the total ampere-hours of current used. The fol-
lowing procedure was used: 1. each curve was planlnetered
three times and the average value taken; 2. the values for
the two curves for each electrode type and material were then
averaged together; 3. the results from step (2) were then
divided by the total elapsed time of the test to determine the
average current rate. The results of this are glven in fig. 10.

The results from thls procedure show that the copper elsc-
trodes permitted less current flowe. The stainless steel elec-
trodes had the largest current flow, but the results from the
steel were very close to it. This was due to the corrosion
rates of the respective metals. The copper electrode corroded
and reacted with the adjacent material much more rapldly than
the stalnless steel and steel. The resulting material rzduced
the conductivity and thus the current flow.

The larger current flow rates for the plug type electrodes
were due to the greater surface area of the plugs. They gave

better sustalned electrode to sawuple contact than the rod types.

TELPERATURE

The temperature differential i.e. (sample temperature) =

(control sanple temperature), increased wlth increasing voltage.

16
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This was due to Joule heating i.e. W=I%R= E</ii. The maximun
tenperature differentials for the voltages tested are given
in fig. 11.

The plug type had larger temperature differentials than
the rod type. This was due to the higher current rates occurring
with the plug type. The order of copper, steel, and stainless
steel for increasingly larger temperature differences was caused,

also, by the larger current flows occwrring in that order.

ELECTRCDE ERCSICL

The erosion of the electrodes is clearly visible in figs.
12 and 13, which show the electrodes as they appeared before
and after the tests were conducted. In both figures the copper,
steel, and stalnless steel electrodes are designated A, B, and C
respectively.

The average rate of the electrodes was evaluated by dividing
the total weight loss of the electrode by the ampere hours of
current used. The valies calculated are snown graphically in
fig. 14,

All of the erosion rates increased to a maximum and then
decreased with increasing voltage. For the plugs this maximum
was at the 15 volts D.C. level, but for the rods it was 10 volts
D.C. 1he cause of this was not determined. In general, the
rate of erosion in decreasing order was copper, steel, and stain-
less steel. This is the reason the current flow rates were in

the opposite order, as mentlioned above.

(SN
(N



607

SOt

OU 40 4

201

TEMPERATURE LDIFFERENCE

Jo 1

301

-

MAXINVUM Ep ot R ATOURE  DIFFERENCE
Vs A7 - ED yOL7A6€!

—o— Coprip
—%— S TAINIES 78é L
—N— S7zt1

PLuG [#pe
— —— Roo QP:”

5 /0 15
APPLIED VOLTAGE |, VYolds d.c,

Fiae 11

19

i
20



v ——

1z ZIrocion of

Le wlbeeld

~

Y

~
V)




AVERAGL LLecTROOE WElGH T Loss

T Vs. A oLi1e0 o Vor7Ace
= // b e Y
/4t / oo -0
/
i 4
i /
/ /—-A\
/.20 > "o
EW =G
g g s O :
e 4 _/{/ 4 » \\
(;J\ d / k 3¢ ~ "
8 .00} S e S N "
2 4
: > a
& Vs :
N\ //
& '80" //
9 /
a / /
N ’
§ /
& 60 /
/ —o- CoprER
% 4 // / —%— STA/NLESS S7eel
< / D STEEL
W .40*( /
= i —— Ruae THeF
1 == Rop  THEE
/
20+
o + + + {
o S 10 Yy 20

ApPPLIED VoL7AGE | Volts de,

Fie. 14

21



LIQUID ZXFELLED

FAp S

The quantity of liquid expelled due to electro-osiiosis
increased with both applied voltage and tiie as was dilscovered.

by Crosc. ihe values were cdeteruined by subtracting the control

9]

anple vslue frou the sawpzle vaelue aud then averaging the re-

sults for like saiples. 7Tne vaelues are showm in figs. 15, 16,

~J

Pl
L

)

arl .
To avold cicescive crowcing in ths liquid expelled vs.
elapscd tiae curves, only the two extreme cases are shown,

nanely those of tihie stainlecss steel and coprer electrodes. To

-

facllitate coaparison the sae coorcinate system scale was uvced
for both the plus and the rod type electroces. The plug type
expcllesd vetween two ocnd three tlumes more liguid thon dld th
correspondiing rod type of the sane wnaterizl.

Al estlnate of the cost involved to reunove tihls 1iguic
S mfdCe Thi2 Tesults for the stalnless steel pluz type elec-

roces Lo.t :.v .\Jrolts DOCO and. ’:‘\}/ /l.wAl it

Frouw ploail_cter results (10842 awnp-nr)(Z0 v) = 378 watt-hr

Coct = ('3/0 :;';'i.'l)'( '457/ /-:ITQ - 12‘))} /L =1 of llq'LIiU remnoved
(22245217 (2404410 Moal/ml

CTISTIUNS CCull sl l aSDUCTIICH

The iaitisl moisture coatents ranged froa 78 to Glp wet

basise. The reduction 1a molsture coitent due to elesctro-osnosis
was deterninzsd by subtracting the reductlion of the control sam-

v

ple fron tue other sasples. The average value of like samples

g\‘,
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was then talzene Fige 106 shows these resultse. +The reductions

)

increased withh increcscd voltages. Tae noximum reduction
achieved 10 these tests was “ec welbe Thils was not suificilent
to lower the ercrement to o pelletable level of less thian 257
MeDoe Sinéc the reductions were much less than anticipated,
tne nethod of determining the finzl irolsture content proved

to be insufficiently eccurate. The error incurred Ly mixing
the saiuple and thnen taXking a portion of tne nixture for oven

crying was very significant. It was estimoted to be not lccs

Thus with the values wacnieved, eirors grecater

cf
—
©
~
1]
I+
(BN

~ -
NSRS
hot
L]
o'
.

The order of efficlency for the electrodes was trne sane
as for the previous results reported, i.e. in cecreasing order,
stainless steel, steel, and copper. 7The deviations from this
oréer were within the error caused by poor sample nixzing, l.ec.
177,

A point of interest wos that all scmnples with rod clec-
trodes showed less reduction at the 10 volt D.C. level than
at the 5 or 15 volt levels. Repetition of the 10 volt tests
for rods showed the same tendency. Tne reason for this was not
xnowvn. It could have been a coincidence since the deviations
are well within the mlxing error. This point should be studied
further, however, and thus the key may be found to solve the

problen of noisture retention.
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FHRCSOLENS FOR FUTURZ INVESTIGATICH

This lunvestigation dewonstrated some points that should
be studied further. They were: 1. climinstion of all gas
from the sauple prior to and during the tezt run. This will
reduce tne expansion and provide better electroce contact and
sample conductivity; 2. elininate corrosion of the electrodes;
3. removal of ¢ried naterial near the electroce to improve
conductivity; 4. use of nultiple electrodes in a sample; and

5. study the 10 volt D.C. phenomena more fully.

SULLIARY

This investigation was undertaizen to extend the study
performed by Cross. Its objectives were: 1. 7reduce the
molsture coatent of chicken excrement to a pelletable level
of less than 25, webe; 2. study the effects of 1ncreased
voltages; 3. cvaluate the performance of two electrode types;
andé 4. stuldy the performance of electrodes made from three

Gifferent naterial
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Appropriate data was collected, moisture contents deter-
mined, and grapvhs plotted. The average current flow rates
were deternined by planinmetering the current flow vs. elapsed
time curves and then dividing the result by the total elapscd
time.

Fromn the resulting curves 1t was found that the plug type

electrodes gave larger current flows, higher temperatures, and



greater nmolsture content reduction than the rod types. Evelua-
tion of the three metals tested showed that stainless steel
gave higher currents, temperatures, and larger moisture content
reductions than steel and copper. The steel electrodes, how-
ever, gave results very close to those of the stainless steel.
Copper was the poorest because it corroded more readily than
the others, thus reducing its conductivity.

The initizal moisture content was 73 to 280% we.be The naximum
molsture content reduction was 4.3 web. which was insufficient
to reach a pelletable level of less than 257 w.b.

Some points for future 1investligations were observed:

1. elinination of gas frox the sanple; 2. electrode corrosion;
3. removal of dried material next to electrode; and 4. use of

rultiple electrodes.
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