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ARSIRACT

The problem of recovering valuable distillers' dried grains from
stillage which results from the production of whisky and alcohol from grain,
is a difficult enes This investigation is particularly concerned with the
factors influencing the screening of stillage--the primary operation in the
manufacture of distillers' dried grains and the one most commonly used in
all distilleriess 4s a preface to this, & brief study was made of the physi-
cal properties of stillage. The results are represented both by tables and
ourvess -

It was found that whole stillage resembles water in boiling point,
specific heat, and density, the last being slightly higher at 20°0 than
water and slightly lower at 90°C. Bere the similarity ends for the apparent
viscosity of stillage is nmuoh higher than water, dut approaching the values
of water at 100°C. At 20°C the visacosity of stillage is about 38 centi-
poises.

The data, obtained in studying the screening characteristics of
stillage, were oorrelated in three wayse The first was a calculation of
the per cent suspended selids retained in screening, which gives a picture
of the total amount recovered compared with the total amount possible to re-
eover under various operating conditiems. The second was a calculation of
the percentage of the original water in the stillage that is removed by the
soreening operationss The third was the actual quality or solids content
of the screeningse

The soreening study was conduoted on & hand-made vidbratory soreen

with 8 reciprocating type motion.



It was found that stillage containing a high concentration of sus~
pended solids screened with comparatively good retention, poor dewatering,
and & high concentration of solids in the screenings.

Bfticient dewatering is usually acoompanied by poor retention and
vice versa.

The soreening angle is the conmtrolling factor in “blinding" and
indicates whether good retention or dewatering will pren:lL 7\

Lowering particle-time will decrease the dewatering effect and in-
crease tho‘ degree of retention.

The frequency of vidbration, the amplitude of vidration, and the
soreening angle--the three most important variables-~cannot be considered
independently. It will always be a combination of these that will give the
desired results of effective dewatering, capacity, and good retention.

The techniques and correlating nethp@s derived by this research
have practical applications. They can be adapted to any ieehan:loll dewator-
ing devices whether it be a screem, press, filter, or centrifuge and will

give a comparative pioture of which can do the Job best.

ix
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In the production of whisky and alcchol from grain, valuable by~
products are obtained from the stillage or spent mesk. These by-products
are marketed as "Distillers' Light Grain®, "Distillers’ Dark Grain®, and
Distillers' Solubles®s | o h |

Litheugh vtho: atillage 1s recovered economically at present with
the use of such unit operations equipment as soreens, presses, evaporators
and driers, the process is not dbeyond mp:ovemt from an engineexing sund
sconomic viewpointe To this end Joseph RB. Seagrams and Sons, Inc., insti-
tuted & program of research study in the chomicni Engineering Department of
the University of Louisvilles This study has been oconduoted in an attempt
to learn more of the factors influencing the recovery of the stillage and
to establish, wherever possible, optimmm conditions.

The study of soreening, the primary operation in the manufacture
of Distillers' Dried Grains and the one most sommonly used in all distill-
eries, was deéié.od wpon as the first prodlem to be stﬁdied under this new
plane 4s a prelude to this study, it was felt that something about the
physical characteristics of stillage should be knmown to ald in the caloula~
tions of material and heat dalancese OConsequently the problem resclved
itself into two partss

I. 4 brief study of the physical properties of stillage, executed
by determinations of density, apparent viscosity, specific heat, beiling
point, particle size distridutiom, moisture content, dissolved solids content,
and suspended solids content.

11, A study of the soreening characteristios of stillage on a



vidrating screen showing the effeot of the following variabless
l« Quality of thé feed, 1.0+ percentage of suspended solids
in the feed.
2. Rate of feed.
3¢ 8lope of screen.
4. Amplitude of vibration or length of stroke.
S« TFrequency or number of vibrations per unit time.
6 Temperature of the feed.
7+ Types of screens with varying size openings.
(a) Woven wire.
(b) Punched plate.
8+ Mash cénponitien.



Of the several by-preducts of the distilling industry -~ carbon
dioxide, grain oils, and stock food or distillers' dried grain -~ the most
important at present is distillers’ dried grain. )

In the past all distilleries disposed of the liquid stillage,
comaonly i'eferrad to as "distillery slop®, by selling it directly to farmers
as cattle feede This préctico, althoughwatill carried ¢n in many small
plants, was unsatisfactory because the demands for the material as feed
were not sufficiently uniforms 7To avoid the disposal problems encountered
by a non-wmiform demand, methods of preparing dried stillage were instituted.
fleveral of these methods are indicated in Figures 1, 2, and 3.

The production of distillers' dark grain was the first process
deviseds It consisted of screening tha whole stillage (93-95 per cent water),
pressing the screenings (84-88 per cent water) to form a wet press cake |
(70-78 per cent water), snd concentrating the J thin stillage in a multiple~
éffoct evaporator from 94-97 per cent water to a syrup of 70 per cent water.
This syrup was then sprayed at a oonstant rate onto the wet press cake, and
the mixture was passed through a rotary dryer, the produot having a moisture
contert of 8~10 per cent. In order to keep the water content of the mixiure
entering the dryer below 70 per cent, 50 to 75 per cent of the final producs
was recycled. The product, valued at approximately $45.00 per ton, was sold
chiefly as stook feed because of its high bulk, protein, fat content, and
total digestible nutrientss "“No other concentrate on the market contains
yoeast-protein, essential amin;-wids, vitemin G, vegetable oils, and essential
minerals in so well-balanced & combination and at & price possidle for use

in economical production of livestock and dairy products."(l)
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In spite of the yzefulnelu and high quality of the distillers'
dark grain, it was realized that it would be better to produce two sep;rato
products, that is, distillers' light grein and distillers' dried solubles,
since they could always be mixed, in proper quantities, té yield a product
similar to distillers' dark graine Thelr use as separate products also
could be realiszeds ”

Distillers' dried solubles did not appear on the market until late
1941 and sold for approximately $75.00 per ton. This production was made
possible, at the time, by the use of drum-dryers. The process was similar
to that for distillers' dark grain with one exception: Imnstead of the
syrup from the ovaporafora being mixed with the press cake, 1t was fed to
drum dryers and dried to approximately 6~8 per cent moistures The product
obtained was in the form of a thin sheet, about 0.02 inches thick, which
was broken on a flaking machine. This product, because of its flakiness,
was slightly bulikdier than distillers' light grain. The dark grain had a
bushel weight of approximately thirtyethree peunds, while the light grain
had a bushel weight of approximately forty-four poumds. (1)

Distillers® light grain, valued at qpproximately”$85.00 per ton,
1s the product obtaimed from the rotary dryers when the syrup is not mixed
with the wet press cake; that is, when it 1s either fed to the drum dryers
or disposed of as waste.

4 typical process for producing distillers' light grain and distill-
ers' dried soludles is shown in Mig. 2, The distilioru' dried grains are
used primarily in stock and poultry feeds. The composifions of these prod-

wets are shown in Tadble I.



Zakle I. WMW\MWM

Disti llers’ Distillers’ ﬁlétiner: '
Dark Grain Light Grain Dried Solubles

HyO 8~-10% 8-104 | 5-1%
Crude Protein | 27-30% 20-256% 80-33%
Crude Pat 10% 8f(Min.)  10-12%
Crude Piber 8% 14%(::;.) 3-4%
Ash 5-4% 128 614

For a ocomplete recovery of two distinet products, the process
breaks down into three main unit operations for the production of distillers'
light grain, and into four main unit operations for the preductien of dis- |
tillers' dried solubles. 4s shown in the Fige 1, the first two operations
of each "prooou, pressing and screening, are common to both schemes, and as
a result a total of five steps are obtained: (1) soreening, (2) pressing,
(3) evaporation, (4) press cake drying, and (5) imp drying.
| Soreening iholo stillage from apprexiﬁatoly 93-95 per cent water
to 84-88 per cent water is the primary operatione At present, only three
types of screens have been used commerciallys inclined paddle screens,
inclined vibrating screens, and rotating soreens.

The 1nov11nod paddle soreens are approximately 24 feet dy 5 feet
and are inclined at 19°-20°. The stillage is usually introduced at the top
of the screens and moved over the surface of the soreen by wooden paddles
attached to two chain drivess The thin stillage passes through the sereen,
is collected in a trough, and then piped to a stillage tank where it is
stored prior to further treatment in evaporators.(2)

The vibrating or gyratory screens are spproximately 10 dy 5 feet



and are inclined frem 5§° to 20°, so that the material is moved down the
screen by the vibdrating actien. The frcqnnnein used range from 400 to
3600 vibrations per minute with amplitudes of streke ranging frem 0,001
inoh to 2 inches.

The rotating screens are similar in their action te trormmels. The
stillage is fed to the inside of a slightly inclined, revolving oyoclinder
with a screening surfaces ’

The thin stillage passes through the screen inte a trough, while
the soreenings travel to the lowered end into gsome type of conveyor.

There are three types of pressing equipment in general use today
for reducing the water content ef the screenings from 84-88 per oent te
70-78 per cents the dewatering sorew, the reller press, and the eccentrioc
disc type presss The effluent from this operation is added to that from
the screens and the mixture sent to the evaporators. The solid material,
or so called press cake, is moved on to the final drying operation.

The roller press consists of sheets of copper soreening backed by
metal plates which act as stiffenmers and are hinged together to form a
continuous belts Hexagonal reels turn the belt which is slewly drawn
between several pairs of rolls placed direotly over one anothere The screen~
ings are faod onto the belts, carried between the rolls which squeeze excess
liquid from the solids, and discharge & press cake into a oconveyor leading
to a dryer.

The ecoentric disc press consiats of two conical copper screening
dlses rotating at an angle to each others The material to be pressed is
fed by a hopper and falls between the rotating dises. The material is

squeesed between the disos as they turn and falls free into a conveyor



belows The liquid passes through the discs and is transported away.

The dewatering screw ‘umlly consists of a metal, close-fitting
cone inside a oylinder made of cepper screems A4 screw conveyor forces
the screenings between the cene and the cylinder causing the material te

be squeesed.

In order to concentrate the thin stillage, most distillers use
sone type of mmliiple~-effect evaporator, usually a vertical tube type. 4
typical evaporator set-up is shown in Fige. 2, wherein the water content of
the thin stillage is reduced from 94-97 per cent to approximately Y0 per
cente

By batch centrifuging the thin stillage from screens with 40 inch
diameter solid bronse daskets, Hiram Walker and Sons, Incorporated, found
that a small percentage of material could be removed, leaving a olarified
effluent in such conditiem that its viscosity, when evaporated to about
50 per cent solids, was not greatly different from that of screen effluent
evaporated to 25 per cent solids, but without centrifuging. (3)

Drying, in by-product recovery, naturally separates iitself into
two distinet types: Drying material in which the solid phase predominates,
that is press cake; and drying material which is in solution or suspension,
that is, syrup.

Two types of dryers are used for handling wet grains rotary dryers,
the most common types and flash dryers, a recent inmovation to distillery
practicess The material te be handled in both must be granular, bulky, dry
enough to be handled by cenveyors, and not sticky enough to build up on the
walls of the equipment. Wet press cake fits this condition slmest perfectly.
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The rotary steam tube dryers are about 50 feet long, are inclined
at an angle of about 0.5 degree and are rotated &t a speed of about 4 RPM.
The dryer is heated by the passage of steam into a double row of tubes
which extend the full lemgth of the dryere. The steam flow is counter
current te the flew of material and maintained at a maximum pressure of 90
pounds to prevent overheating of the graln and te prevent injury to the
equipments The grain 1s carried through the dryer by the rotating action
and the inclination of the shell.

Flash drying (4), or the use of a flash dryer, although mentioned
only ocoasionally in the literature, is not new and has been utilized for
several years in chemical industries. This type of equipment is designed
to produce optimum drying conditions, that is, exposure of a large surface
area, material agitation, high vapor pressure potential, and high air vele-
ocity.

Pige 3 shows a typical flash drying installation and i1llustrates
how these four principles were put into operations The wet press caks,
after being mixed with previously dried grain, is dropped into a high
temperature stream, approximately 1000°F, and is then carried into a large
agitator fan -~ termed "flash dryer" ~- where its surface is enormously in-
oroased, and it is violintly agitat&d in direct contact with the hot flue
gasese These factors--surface increase, agitation, and high air volecitya;
groatly reduce the thickness of the moisture film next to the parﬁiclea
and permit ready diffusion of the moisture to the surface and into the air
streame From the high-powered fan, the material is carried suspended in
the air to a large cyclone separator, where it is separated from the air.

Host of this alr, or flue gsses, 1s recycled to the furnace, and approximately
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50 per cent of the dried grain is recycled by mixing it with the wet press
cake. The remaining 50 per cent is passed through a smaller dlower into
another smaller oyclonee The material leaving this smaller cyoclene with a
water content of 8+10 per cent, is the final produnoct. Although exposed to
8 high temperature, the grain will not become heat damaged, bgoause, as
shown in Pigure 4, the temperature of the material to be dried rarely goes
above the wet-buldb temperature of the air.(4)

This type of equipment has some dlstinet advantages. Since the
grain remains in the process only two to twelve seconds, definite contrel
can be maintained over the final moisture content and the maximum rise in
material temperatures It is possible to use inlet gas temperatures of 1000°-
1200°F without ingreasing the tempsrature of the grain to more than 175°F
"With & well~insulated system, thermal efficiencies of 1,750-1,500 BTU per
§omd of water are common."(q)

The drying of syrup fequires a type of equipment quite different
from those previously discusaed. Only one type, the rotary drum dryer, has
been used extensively on a commercial basis.
| Atmospheric rotary drum drying (5) is dependent on several variables:
Steam pressure, which governs the tenperlatﬁro of the drum surface; spoed of
rotation, which determines the time of contact between the film and the pre-
heated surfase; thickness of the film, which may be governed by the distance
between the drums; and the concentration, viscosity and temperature at which
the solution to be dried reaches the drums.

Drum dryers are made up of two hollow steel drums which are heated

internally by steame The syrup is fed into the "V" portion between the drums
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forming & thin film of syrup as the drums reotate toward each other and down-
ward at a speed of 2 to 4 EPM with a clearance of about 0.08 inche By the
time the drums have made three-quarters of a revolution, the sheet is dry
and is removed from the drum by a steel knife. The resulting sheet of dried
syrup 1s continuous; and after being cooled with an air stream, it is sent

to a flaker where it is pulverised to the proper size for marketing.
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In distillery practices, three items are desirable in mechanical
dewatering devicess
l. Bffective dowatering
a8+ High Per Cent Dewatered
be High Congemtration of Solids in the Sorkeaninga
2. High capaclty |
3. High retention (Low Suspended Solids Content in Effluent)

High retention is more'of a limitation than a desire, as it is
known that solids in the screening and pressing effluent many times results
in poer evaporator operation and in many cases causes complete shut-downs
resultive from plugging of evaporater tubes.

Effective dewatering means the increasing of the conocentration of
total solids in the whole stillage to a point where it oan be handled easily
by some standard type of dryers

Capacity, as herein used, indiocates the maximum quantity per umnit
time that can be effectively dewatered by the scresning process for a given
feed. Tastors controlling dewatering capacity and retention are feed temper~
ature, screening angle, frequency ef vibration, amplitude of vibration, and
the type of screening surface.

Effioclent dewatering frequently is accompanied by poor retention.
The extent to which this happens ocan be lessened by proper seleotion of the
controlling factorse It is impossible to attaln the three ciesirablos at
the same time.

An importamt factor in the capaeity of a screem 1s the ability of

the soreening device to prevent "blinding®. Blinding osn be diminished by



the proper combination of screening angle, frequency of vibrations, and
amplitude of vidbratien. |
Por any type slurry, grain or otherwise, the dewatering process
oan be measured as a funotion of the amount of water removed per wmnit time,
i.0¢, the total amount of water removed divided by the eriginal quantity
of water and multiplied by 100 will result in the percentage of original
water in the stillage removed by the screening operatione This percentage
will be referred to as the Per Cent Dewatereds
Considering rates of feed (Rg), soreenings (Rg), and effluent (Rg),
a simple material balance on the screen can be made: |
Ry = By + Bg (Wet Basis) (1)
Bquation (1) can be om‘werted toys bone-dry basis by knuwing tixe
concentration of toi#l 80llds in the feed, scoreenings, and efflusnt.
Thuss
FRe = 8Bg + BBy (Dry Basis) (2)
Where ¥ is per cent total selids in the feed, 3 the per cemt total
solids in the soreenings, and B the per cent total solids in the effluente
Substituting Rg = Re ~ Rg into Bge (2)
PRy = SRy + B (R - Rg)
Bimplitying, “
FRe = Ry (8 - B)+ By

Similarly, by substituting Ry » Re = Be into Bge (2)

Roznfxux:saﬂf!ua:l (a)

The pounds of water in feed per minute is {100~P)Be and in the



soreenings is (100-8)Rg.

Thuss

4y A300-FIRe . 100-F _ lba. waiexr in Feed (5)
: ?Rf F 1bsa. Btbo s0lids in Peed

and,
B= "FRe * Tvs. Boh. solids in Peed (6)
but,
o x L=R
Ry = Be x %3
Henae,
Bz YRe(S-8) .
T T (7)

Bince 4 and B are 6n the same basis, they can be subdbtracted to‘
give the amount of water removed per pound of solids (bone-dry) in the feed.
Thusi h

100-F . (100-8)(¥+R) . 1bme of watex xemoved
A-B = P P{8-B) ® “1be ©of BeDe solids in feed

Houoe, 100-F - (200-8) (#-3)
Per Cent Dewatored ¢ -‘ig—nm LR MM ~— x 100
¥
(8)

8implifying Bq. (8) by dividing through wlﬂgﬁ .
Per Oent Dewatered gE . Waee«r)(s-nﬂ 100 (9)

It should be noted that Bqs (9) is independent of the feed rate
and data necessary for its determination are readily obtainable.
Similay to Per cent Dewatered an expression representing retentionm

oan be deriveds Stillage contains dissolved as well as suspended solids.

17
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Since the dissolved solids can not be retained by screen except in what
remains in the soreenings, only the suspended solids will be considered in
calculating the Per Cent Retained by the Screene 4 low per cent retained
indicates that the concentration of solids in the effluent is above normale.
The per cent of suspended solids in the effluent is E - Dg where
De ia the per cent dissolved solids in the effluent, and in the féed is
ﬁ' « D¢ where De is the per cent dissolved solids in the feed-il.e., the
difference between the amount of total solids and dissolved solids is the
amount of suspended solids.
Henoe,
To = (E-Dg)Rg g 1Db3. susp. solids in effluent per min. (10)
and | H
¢ » (P-DelBRe » 1bs. susp, solids in feed per min. (11}
Bubstituting Bqe 4 into Bge 10 |

7o = LReReBe(s-T)

T8-R. . (12)

The pounds of suspended solids retained by the soreen is Ty -‘Q‘e,

and the Per Cent Retained :2‘;-;—2. x 100 » (1 -%:) 100 (13)
Henoe,
mm:.
Per Cent Retained - - 100 (14)
~ (?-Br)ﬁe :
Simplified, Bqs 14 ro‘aoivez into an oxpzanion devoid of the feed
rate,
iﬂlﬂ:ﬁd
Per Cent Retained = |1 = (8-B){¥-Dg) | 100 (15)

Where is the fractiom ot the suapendad solids in the

A8-%] (R-Ral
(8-B) (P-De)
feed that passes through the soreen.
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Analytically, it is difficult to determine Df or De, direotly,
but if the feed or effluent is centrifuged and the dissolved solid content
of the centrifuged mother liquor is used, an indirect determingtion can be
mades Let Mp and Mg equal the per cent of dissolved solids in the feed and
effluent mother liquor, respectivelye Them, on the basis of 100 pounds of

mother liquor,

¥ LY * 34 maolve
(100-Mp) 1be. of water
On the basis of 100 pounds of feed,

~D2__ o 1bse of disselved solids

100-F .- 1be of water
Therefore
De - Ne
100-F | 100-Re (26)
i
P = kg?:——i? (17)
Similerly, | |
D, = lg(100-8)

100-Hy - (18}



Btillage, the residus from a beer-still, is a grain slurry. FPace
 tors controlling the physical characteristics of stillage ares

le Percentage and type of grains used in cooking process.

2¢ Nashing-ratio.

3+ Type of Brind.

4. Cooking Temperature and Pressuree

5¢ Distillation Temperature and Pressure.

A number of grains may be used to produce the original mash, such
as corn, sorghum, wheat, rye, snd malte Combinations of grains frequently
used are (1) 45-70% wheat, 20-45% corn, and 10% malt; (2) 60-65% wheat,
24-29% rye, and 115 malty (3) 90% wheat and 104 malte In making these
slurries, different nashing iatiu, 1¢9+, the number of gallons of water
used per bushel of ground grain, may be usede 2The mashing raties may vary
from 34-48 gallons of water per dushel of meale The grain is groumd to a
meal before 1t 1s mashed, and the type of grind used in this process is veey
important, After mashing, the meal is cooked, either atmespherically, at
100°C., or under pressure, 145 to 360°Cs The temperature of stillage leav-
ing the stills is 91-95°C. 1f atmospheric distillation is employed, and
54-56°C, for vacuwm distillation.

The following is a classification of samples and barrels of stille

sge taken from Seagram plantss

Mash Bill - 51% Wheat Ovoking Pressure =- 60#/Bgein.
39% Milo (Sorghum) Cooking Temperature ~ 146°C.
10% Barley Mait Distillation - Atmospheric

Soreening Temperaturs - 91°C.
Total Selids — 4e3-5.5%



Mash Bill - 51% Wheat Cooking Pressure - 160#/sqein.
39% Milo (Sorghum) Oooking Temperature ~ 182°C.
10% Barley Malt = Distillation - Vaouum
Soreening Temperature - 55.5°C.

Total Solids ~- 642~6¢5%
Mash Bill - 46% Wheat Cooking Pressure - M#/sq.in.
44% Milo (Sorghum) Gooking Pemperature - 146°C.

10% Barley Malt Distillstion - Atmospherie
Soresning Temperature -~ 91-95°C.

Total B0lids =~ 5¢1%

Mash Bil) - 70% Wheat Cooking Pressure - 160#/:3.11:.
20% Milo (Sorghum) Cooking Temperature - 182°C.
104 Barley Malt = Distillation - Vacuum
Soreening Temperature -~ 54-58 g,

Total Solids = 6.7%
Dissolved Solids- 2.7%

Barrel Xo. 3 Joulaville Plant = dugust 4. 1944
Mash Bill - 90% Wheat Cooking Pressure = 159#/88.111.
10% Malt Cooking Temperature - 182

Distillation « Vacuum
Soreening Temperature - 54-58%0.
Potal Solids = 7.0%
Dissolved Solids~ 3.3%

21

Barrel Xoe. 4 and B W&W
Mash Bill - 64% Wheat Gooking Pressure - 16@#/33.111.
' 26% Cooking Temperature - 182

Rye
11% Barley Malt Distillation - Vaouum
Screening Temperature - 54-58°0.

Total Solids ~ 4.9%
Dissolved Solids~ 2.3%

Raxrrel loe 6 doulsville Plant = Ogt. 20. 1944

Mash Bill - 60% Wheat Cooking Pressure - 160#/s3.1n.
30% ¥ilo (Sorghum) GCooking Temperature - 182
10% Barley Malt Distillation - Vaowum
) Soreening Temperaturs ~ 54-58 C.

Total Solids - 6.7%
Dissolved Selids- 2.7%
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Hereinafter, stillage from Barrel No. 1, 2, and 6 will be referred
to as Mash Type No. 1; stillage from Barrel Noe 3 as lMash Pype No. 2; and
Barrel No. 4 and 6 classified as Mash Type Noe 3.

Sanple Nos 10 was used in the Boiling Point, and Apparemt Viscosity
determinations and the Specific Heat of Sample Nos. 1, 3, 5, 8 and 10 were
determined. The Density runs were made with Sample Nos. 3. Stillage from
Barrel Nos 6 was used for determining the Partiocle Size Distributien.

The Shaking Sereen runs were made with Mash Type Nos. 1, 2, and3

and distributed as followss

Quality of Feed i, 8
Feed Rate 1, &
Temperature 1, 2
Sereen Angle | 1
Screen Type 2
Frequency of Vibration 2
Amplitude of Vidratien 2, 3

Reproducibility of Results 1



RHIBICAL RROFERTIES OF STILLAGE

Stillage can be descrided as a grain slurry, containing 93-965 per
cent water, 2:56-3.5 per cent dissolved solids, and 2.5-3.5 per cent sus-
pended sclids. The physical properties of such a material are necessary
for the calculation of material and heat balances on wnit operation equip-
ment, and to gain an understanding of its usually pecullar actiens in various
types of equipment. |

No references were found in the literature pertaining to apparent
viscosity, density, specific heat, boiling point, and particle size dis-
tribution of whole stillages Accordingly, representative samples of stillage
were obtained frem the Louisville Plant and the Dant & Dant plant of Joseph
E. Beagram & Sons, Ineoiporated, to be used in determining the above~mentioned
properties as woell as water content, dissolved solids content, and suspended
solids oontente. |

It should be noted that the physical properties of stillage are
intrinsically tied-up with the percentages of grains sooked, types of grain
used, type of grinding used, cooking mmthoda..and type of still used.
Relling Relnt

Pregadure ~ Approximately 755 grams of stillage, odtained from,
Sample No. 10, a mash of 44 per cent milo, 46 per cent wheat, 10 per cent
malt, were distilled in an ordinary distilling flask with a parti;l reflux.
The boiling point of the mixture was recerded at 0, 100, 200, 300, 400, 450,
800, 52b cc of distillate. This resulted in a change of water content from

94.9 por cent to 82.5 per cent. The residus at the latter moisture content



ZABLE 11 ~ BOILING POINT OF SIILLAGE

Weight of Original Sample Noe. 10 -~ 755.2 grams

cc. of Por Cent
Rstillate _Mater = BePs ¢
0 9449 100,85
100 94.2 10049
200 93.1 100.9
300 91.5 101.0
400 89.2 10049
450 874 10047
500 84.9 100.5

5256 82¢5 100.4
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SARLE 111 - SERCIFIC HRAT OF STILLAGE

Wt. of

Observed rimeter, Boiling Specific
Hp0 Heat of

191.6
190.7
1956.3
191.4
200.4

193.1

0.964
0.977
0.984
0.995

0.987

Calo-
Wte of Calo-
Sample Calo- rimeter Wte Initial Pinal Hot Hy0
2ype . rimeter & Sample Saxpls . Zemps . Jampe & Saxmple _Added . Sample
1 398.3 607,0  208.7 21.8°0 58.3°¢ 7986
8 399.2 60647  206¢5 26.8°C 60,92 79644
5 398.7 611.6  212,8 20.6°C 57.4 80648
8 398,9 592.6  193.7 20.2  58.3 784.0
10 398,0 599.7  201e7 21¢8  59.2°C¢ 800.1
Hg@ 399.2 584.1 184.9 2640 62.2 777.2

S216.7
9‘1/ deg.C
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was a semi-golid mass.

Results - As shown in Fig. 5, the boiling point did not change
appreciably from that of water (100+4 te 101.0°C).
Specifio Heat

Rrocedure - Approximately 200 grams of stillage were placed in
a Dewar Vacuum Bettle and approximately 200 grams of boiling water were
addeds The initial and final temperatures were recordeds The heat capacity
of the oalorimeter having been previously determined (in a similar manner),
the specific heat of the stillage can e caloulated from the following
equatiens

(Cu)(Wr) (47 - t2) = (Og)(Ws)(t2 - t2)+8(t2 - %1)

Wheres S P hoat”oap#cif;‘r ofucalorim‘otar,‘ eal./d;g. Ce

C = specific heat, cal./(gram)(degs C)

¥ = weight of material placed en calorimeter, grams
t}= initial temperature of stillage, dege. ¢

to= final temperature of mixture, dege C
tHs temperature of hot water added, dege. €

subscript H = water
subsoript 8 = stillago
Basults ~ It was found that the speciflc heat of stillage was in
the range 0.964-0,995 calories per gram per degree Centigrade at 20-26
degrees Centigrade.
Renslty
Procedqure - 4 60?!/69"? hydrometer was calibrated by placing ap-
proximately 500 o¢ of boiling water in & 250 ml graduate and taking temper-
ature and hydremeter readings as the sample cooled, stirring the sample at
all times.

The specific grarity of the stillage was obtained, using the same
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Pigure #6 Ha0 Huxe #7 Sample #5
gpo gl‘o

!Bﬂpo

16

5205
60
67
70
75 .
75
80
85
87
90

ZABLE IV - DENBIZY
Bpe Gre Tempe
° 20
0.999 22
0,996 26
04995 52
0.996 29
0,994 40
00993 46
0.988 50
04986 52
04986 55
0,983 56
04980 59
0,978 59
0977 60
0,976 66
0,972 69
0,971 74
04968 76
78
80
88
84
86
88

1.016
1.015
1.013
1.010
1.009
1.009
1.007
1,006
1.004
1.004
1.003
1.002
1.001
0.998
0,997
0.997
0.996
0.993
0,992
0.990
0.988
0.986
0,988

28
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Hydrometer Calibration

Tamp.
¢

JADLE Y - RENSITY(CONTINUED)

Curve #8

Actual
Density

Hy0 from Density

Perry's

Hp0 from

Observed Corrected
Spc 6re of GpoGr. of
Stillage Stillage

From by use of

.&._anzgn.& nmj__nsgu_i_
. e ‘

40
20
30
40
80
60
70
80
- 8B
90
100

1.0000
0.9982
009958
0.9922
0.9981
0.9832
0.9778
0.9718
0.9685
049653
09584

* Extrapolated

1.0003*
0.9983
0.9958
0,9928
0.9893
0.9853
09805
0.9760
0.9718
0.9685

10165 1.0188
1.0133 1.0150
1.0100 1.0113
1.0065 1.0074
1.,0028 1.0025
0.9983 0.9982
0.9918 0.9908
0.9870 0.9853
0.9800 09774

Curve #9

True or
Caloculated
Densi ty of
8tillage

1.0167
1.0106
1,0038
0.9954
0. 9857
09760
045629
09543
049435

3l
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hydrometer, in a similar manner.

Ragults ~ Figures 6 #nd 7 depict the observed hydrometer values
versus temperature for water and stillage respectivelye. The ourves are
similar in shape.

The Hydrometer Calibration Ourve, Pigure 8, was obtained by compar-
ing observed water readings from Fige 6, and the actual density of water,
as given in the handboeks, at the same temperature points.

Pigure 9, PTrue Density of S8tillage versus Temperature, was obtained
by plotting the temperature of an observed stillage specific gravity value
versus the product of the observed value, corrected by use of the Calibra~
tion Curve, and the actual density of water at the same temperature.

It was necessary to extrapolate the Calibratiom Curve, Fig. 8,
in order to correct the stillage hydrometer readings.

Rrocedure - A modified Stormer Viscesimeter, 1931 Model, was fur-
ther modified by using am oil bath for temperature contrel of the stillage.
This oil bath was made from two cans, & half-pint can inside a gquart can
with the two-pronged paddle projecting into the inmer onees The inner cam
also was fitted with a thermometer holders Measurement of viscosity is
accomplished by measuring the shear of a fluid in an anmular space between
concentric cylinderse This principle is carried out with the use of the
two-pronged paddle which deacribds a cylinder as it revolves.

In order to calibrate the instrument, water was placed in the
inner container and heated indirectly with linseed oil placed in the annular

space botween the containerse This unit was placed on the Stormer Viscosimeter



ZARLE YI - ARRARENT YIRCOSITY OF VAIRR

1931 Model, Stormer Viscosimeter
Used With 20 gme. Weight and Two-Pronged Paddle

Run Noe 83 ~- Hp0

2leb 54.4 53.9 49.6
2l.5 54.6 585.0 48.6
218 54.2 55.0 48.6
2146 54.6 bb.0 48.8
2leb Bied 54+6 48.6
8641 53.2 65.5 47.0
392 52.6 67.0 4644
40.8 51.8 6745 47.0
41.8 51.6 6644 46.2
42.0 51.0 70.2 46.8
42.1 5le4 71.0 47.4
52.2 49.8 7046 48.0

69.6 47.0

68¢5 47.2
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ZAELE YII -- ARRARENT YIRCOSITY OF STILLACK

1831 Hbdni, Stormer Viscosimeter

Used With 20 gm. Weight and Two-Pronged Paddle

Bup #10 - Sample #10
2045 95.0)
20.6 9844 )
2045 95.2)
20.5 95.0)
2640 79.4)
2640 81.4)
26+0 84.4)
33.0 80.8)
335.0 80.6)
33.0 79.0)
32,9 79.0)
43,75 72.8)
44.0 71e4)
43.9 70.4)
43.5 69.4)
5240 69.6)
50.0 68.4)
49.0 68.2)
B7.6 6548)
5945 63.8)
6340 64.6)
62.5 6340)
6240 6246)
75.5 60.2)
74.5 60.68)
735 £9.2)
716 6046)
73.56 60.0)
71.75 59.2)
70.0 59.2)
85 59.0)
82 58.0)
80.5 5746)
7845 5840)

33.0

44.0

503

5845

6246

727

8l.8

8l.7

79.8

71.0

68.7

64.8

63.4

59.8

58.2

37
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39

stand and raised so that the liquid level of the water fell exactly on the
paddle hair-lines 4 20 gram ieight was used te load the stirring device
since & lighter weight would not turn the paddle in the stillage, and a
heavier welght turmed the paddle too rapldly in the water.

Stermer viscosity in seconds for 100 revolutions of the paddle
were recorded for a temperature traverse of 20-to 71 degrees Centigrade.

A sample of stillage, equal in volume to the water used in the
calidration run, was then placed in the inner centainer and the procedure
repeateds Precautions had to be taken to minimize the less of moisture by
evaporation which would in turn change the quality of the stillage. This
was attained by using a cover on the inner container at all times when not
actually taking a reading.

Basulis - As showm dy Pig. 10, the Stormer viscosity of water is
& linear function of temperature in the temperature range of 20 to 71 degrees
Centigrades In this interval, the Stormer time ranged from 55.0 to 46.7
socondse This ocurve was extrapolated to give a wider range.

The change on apparent viscosity of whole stillage in Jtormer units
with temperature is depicted in Fige. 1ll. ZEach point on this curve is the
average of a number of observed values, i.e., they actually represent from
three to seven observed values as shown in Table VII,

Pige 12 represents a conversion curve from Stormer viscosity in
seconds to viscosity in centipoises and is obtained by plotting, for a given

temperature, the log of the actual viscosity of water in centipoises versus

the log of the viscosity of water in Stormer units. This curve is a straight

line in the lower temperature range, from 40 to 10 degrees centigrade,



ZABLE Y111 -~ AERARENT YISCOSITY (CONIINUED)

Viscosity of
Water from

Perry's Handbook Time in Sece

l.7921
1.3077

1.,0060

0. 8007
0.6560
0.5494

0.4668
0.4061

0.3565

0.3168
0.2838

Compilation of Data |

Viscosity eof Yiscosity of

H20 Stormer

53.4
5le7
50.1

48.4
4647

45.0

43.4

3tillage from

Viscosity in

Fig. 11 Stormer Centipoises

100.0
98.0
960
92.0
88.0
8640
84.0
8240
80.1
78.0
735
720
68.4
6640
64.1
60.6
59.0
5863
58.0
57.0
5648
B56.0

49.0
43.0
38.0
28+4
21,0
1840
15.5
132
11.8
Be4
64
55
4.0
3e2
2e6
1.8
1.5
le4
1.3
1.2
1.1
1.1
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enabling the conversion of the higher Stormer readings of stillage te centi-
poises by extrapolation.

Fige 13 represents this conversion of Stormer viscosity of stillsge
in seconds to the standard units of centipoisess The shape of the curve is
a hyperbeola, showing very Slight change in viscosity at 100 degrees centi-
grade and an extrems increase at 17 to 20 degrees Centigrade.

LProcedure - A 350 cc sample of stillage, whether it be whole still-
age, soreen effluent, or screenings, was placed in a 400 ml beaker, weighed
and dried at 80-85 dégrees Centigrade to dryness-usually taking two to three
days.

Jesultg -~ It was found that whole stillage contained from 5«7 per
cent solids, screen effluent 35 to 6 per cent solids, and soresnings 12
to 16 per cent solids.

Lrocedure - 4 50 co sample of stillage was centrifuged, the super-
natant liguid was poured into a 10 ml weighing bottle, welghed, and dried
completely at 80~85 degrees Centigrade. The results were obtained using
Bqg. 17 or 18.

Dasults - Vhole stillage contained 2:5~3+5 per cent disaplved
solids, and screen effluent contains approximately the same amount of dis-
solved solids as the whole stillage from which 1t was obtained.

Por Cent Suspended Solids were obtained by subtracting the disw

solved solids in a sample from the total solids.



Raxticle Size Distxibution
Procedure ~ A set of Tyler Standard Sieves (10, 14, 20, 28, 35,

and 48 mesh sieves) wore usede The percentages of total and suspended
solids in a 1000 gﬁm sample of whole stillage were determined. Then, 750
grams of this sample were placed on the No. 10 BSieve, using only approximate-
1y 106 grams at a timeeise. at ne time was there more than 100 grams of the
original stillage on Sieve Noe 10. This 100 gram sample was washed with a
small, light spray of water until, by observatien, all the particles poss-
ible to pass through the No. 10 Sieve had done soe The grain remaining om
the sieve was then washed into a large evaporating dish using & minimum of
wash waters 7This procedure was repeated for the remainder of the original
samples The supernatant water was carefully decamted and the remalning
gr#in and water weighed and dried in a 400 ml beaker at 80-85 degrees CGenti-
grades The same methed of washing, collecting, and drying was used with
the remaining sieves in ordex.

Results - 4 plot of the cumilative percentages (by weight) retained

voersus the size of the sieve opening in inches is shown on PFige 14.



Tyler Openings
Sleve Moo _Inghes. Ou Slave

10 0.068

14 0.046

20 90,0328

28 0,0232

36 0.0164

48 0.0116

JARLE IX -- RARRICLE SIZE DISTRIDUTION

‘Bample from Barrel Noe 6

Wgte of Samp
Por Cont Total Solids
Por Cont Dissolved Sclids

Wgte of Total Solids

Wgt. of Dissolved Solids
Wgt. of Suspended Solids

Weight Por Cent
Retained Suspended

3.90 g 10.8
5.10 14.2
4.78 13.2
2.65 Tod
2,00 Be6
1430 3.6

Cumalative
Por Cent

Selids Retained _RByigk.

10.8
25.0
38.2
45.6
51.2
54.6

978.0 grams

630 grams
27.0 grams
3640 grame

45
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ARRARAIID

The apparatus, as shewn by Figures 15, 16, and 17, consisted of a
85-gallon steel Holding Tenk, fitted with a two-paddle Lightning Mixer; a
10-gallen, steam and water jacketed iron kettle, used to heat the stillage
to the desired feed temperature; & 2 HiPs oentrifugal pump; a PsI.Ve (Posi-
tive-Infinite Variable) Drive motivated by a 3 H.P., motor; a thememefer
(0 - 100 degrees Centigrade); & 2 HePs turbo-pump sud a Shaking Screen.

The Shaking Screen is made up of five parts:

le A rectangular galvanized sheet-metal Welr Box (12"x14"x8")
with 8 2-inch weir leading into a trough (12"x24"x1%), which 150&, h
attached to the Weir Boxe Although the W;:lr Box hvas‘stationary it oould
be adjusted to correspond to the angle at which the Screen Frame was set.

2. The Soreen Frame, made of wood and galvanized sheet metal,

was used to hold the Soreens.

This frame was approximately 44 inches long, 16 inches wide,
5 inches deep at the feed end, and 6 inches deep at the outlet ends There
were two outlets separated by a baffle platee One outlet, in the shape of
a frustum of a rectamgular pyrsmid, was " for the screenings. A4n adaptation
of a roof gutter with end pieces and & drep spout was used for the efflusnt
outlete Just abeve the latter outlet a sloping, almost horisontal baffle
was placed to eliminate the effluent from splashing back through the screene

The Screen Frame was hung from a wooden framework by four
adjustable wooden hangerse To one of these hangers was attached an automa-

tioc counter device to give an indication eof the frequency of vibration.



Fige 154 GHIRAL YIS OF SEAKING BOREEN

1 = Welr Box

2 - Welx Box Trough

3 - Pooder Trough

4 - Soreen Frame and Trough

$ » Effluent Outlet

6 - Boreenings Outlet

7 - Adjustable Wooden Hangers
8 - Automatic Counting Device
9 = PeleVe Drive

10 - Crank

48
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Fig. 168 JERONT YIRW OF SHAKING SCRERN

1 - Welr Bex

2 « Weir Box Trough
3 - Peeder Trough

4 ~ Screoen Frame

5 « Screening Surface
6 - 3 HePo Notor

7 « PeleVs Drive

60



Fig. 58

,:

L'

b

FRONT VIEW OF SHAKING SCREEN

51



Plg. 16 ¢ GLOSB-UP OF BAFFLING ARRANGEMEND

1 - Splash Preventing Baffle
2 - Separation Baffle
8 - Wooden Clamps

52
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3« The Fesder Trough was attached to the Screen Frame and
designed to receive the feed from the Weir Box Trough as the screen vibrated
for all combinations of screen angle and amplitude of vibration used. It
was approximately 12 inches wide, 15 inches long, and 16 inches high.

4, The reciprocating motion of the screen was imparted by the
PeloVe drive through the use of a Crank, drilled and tapped at 1, l.5, 2,
246, 3, 3.5, 4y 445, and B inches from the center of the drive shaft. 4n
adjustable commecting rod was used to link the Crank and the Screen Frame.
This connécting rod was fastened at the Joreen Frame end simply dy means
of a drilled hole and bolt with a slide fite At the Cramk end, a slip
bearing was brased on, intc which a special steel shaft was placed and
threaded into the holes in the Crauke This unit converted the rotary motion
of the PeI.Ve drive to an almost horisontal reciprecating motione

5« The Soreens, with approximately a 1 by 3 foot screening
surface, were strotched taut on wooden frames which fitted into the Sereen
Frame and were held down by four, small woeden clamps. Thirteen screens
were fabricated, seven being woven brases wire and six punched copper plate.
The following is a list of these soreens giving the size or mesh number,

the size of the opening, and the number of holes per square inchs

Meah or Sige No. Sixe of Opening (Iuches] XNo. of Holes Por $qe In.
Yoven Yire
50 ‘040115 2500
35 0.0166 1225
32 0.01925 1025
28 0+0237 784
2¢ 0.0277 576
20 0,0330 400

16 0.0395 266



fig. 16 WOODEN FRAMED SCREEN




Mesh ==~ 50 Nosh ewome 3B ¥pglh =weww 32

Opening -~ 0,0115%

Xogh wowe= 28
Opening ~- 0.0237"

Mogh ———we 20
Cpening -~ 0.0330*
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Opening -~ 0.0166" Opening == 0,01925%

Mosh wewee 24
Opening == 0,0277%

A MDD S

R

..... T

Hoth —we—e 16
Opening =~ 0.0395*

-

Figs 174 - JOVRYN HIRE SORREND
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{

Sisze Xoe &0 S8ize Fos O
Opening ~- 0,020" Opening == 0,023"
Holee/sqs in.-635 Holes/sq. in.-575

Jr e e e v e e W S s e e e e e W v o

®escecesccvnans

8ise Foe 1 Size No. 2
Opening == 0,027% Opening -~ 0.033%
Holes/sge ine-400 Holes/sqe ime-829

S8ize Noe. 04
Opening =~ 0.023"
Holes/sq. in.-400

Size No. 3
Opening «- 0.039%
Holes/sqs in.-225

Pige 178 - RUNCHED RLAIE SORERNE
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avmiEod

Runched Tlate

0,020
0.023
0.023
06027
0,033
0.039

626 (staggered)
6576
400 (staggered)
400
329
225
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Loneral

Ag shown in Figs 18, the whole stillage as received from the
Louisville Plant of Joseph E. Seagram & Sons, Incorporated, was transferred
from the wooden barrels to the Holding Tank by msans of a small 2-HeP.
Turbo-Acting Pumpe PForty-five to fifty-five gallens of stillage was pumped
to the helding tank which was enough for six or seven runs. Aft{er thorough
mixing to ebtain wmiformity about ten gallons of stillage was allowed to
flow by gravity into the jacketed-ksttles The stillage was then pumped to
& three~way cock ~ one outlet leading to the SBhaking Screen, the other,
fitted with a thermometer, being the recirculation line, to the Kettle.
The line leading to the three-way cock contained a by-pass line into the
Kettle which 1s used for controlling the rate of flows The liquid coming
from this line alse aided in keeping the stillage in the Eettle well mixed.

The stillage was pumped through the recirculation line=-i.e., the
cock opening was closed to the Shaking Screen--and the valves adjusted to
the desired flew conditionse The steam was turned on and the material slow-
ly heated to the desired temperature. \_Vhon this tompcraturé was reached,
a 350-375 cc sample of the feed (whole estillage) was taken. About 50 oc of
this sample was then carefully péured into a oer;trifaging tubes The mater-
ial remaining in the beaker was then weighed. These samples were used to
determine the dissolved solids content and total solids contemt of the whole
stillage as desoribed in the Physical Properties Sections

While the stillage was heated to the proper temperature, the Shaking

Screen was adjusted as to Screening dngle, Frequency of Vibration, Amplitude
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of Vibratien, and Screen Type, according to which variable was to be studied.

Pollowing sampling and adjustments, the shaking screen motor was
started and the three-way coock turned so that the flow wae diverted from
the kettle to the shaking soreenes A48 soon as some screenings were obtained,
350-376 cc samples of the effluent and screenings were secured. The three-~
way cock was then turned to its original position and the shaking soreen
motor turned off. The elapsed time botween the two adjustments of the
three~-way cock was resorded, usually 26 to 40 seconds depending upon the
varisble-settings employed.

The total material pumped te the shaking soreen was caught in a
large container and weighed. PFrom the total weight pumped and the time of
pumping‘tho average rate of flow was calculated.

The steok in the kettle was replenished with stillage from the
Holding Tank and the procedure repeated using other desired variable-
settings.

Suallty of Faad
(Percentage of Suspended Solids in Peed) at different temperatures.

The percentage of suspended silidi in the feed was varied by sither
adding water te, or driving water from, a standard stillage sample.

The suspended solids in Mash Type Noe 1 were varied from 5.0 to
3.2 per cent at 75°0; and from 4,2 to 2.3 per cent at 29-32°0. The sus-
pended solids in Mash Type Roe 3 were varied from 2.6 to l.4 per cent at

75°6; from 3,0 to l.1 per cent at 50°0; and from 2.4 to 0«6 por cent at za"e.



All these rums were made using a 4-inch horisontal displacement,
a 4 degree scresning slope, and 226 vibrations per minute.®
Paad Hate

With the shaking screen set at an angle of 8 degrees, and for 226
vibratiens per minute with a horizental displacement of 4 inches, the feed
rate of the stillage (Mash Type No. 1) was varied from 68 to¢ 237 pounds per
minute. |

Using Mash Type No. 3, the feed rate of the stillage was varied
from 60 to 260 pounds per minute, with the screen set at a 4 degree angle,
and for 146 vibrations per minute with a 4 inch herisontal displacement.
Foed Toemperatures with different mash' types.

Using Mash Type Ne. 1, the soreen was set at a 4 degree angle; the
number of vibratioams used kvith a 4 inch displacement were 2253 and the feed
temperature was varied frem 29.5 to 92.0°C.

Using Mash Type No. 2, the screen was alse set at a 4 degree angle;
the number of vibrations used with a 4 inch displasement were 146; and the
feed temperasure was varied from 29.0 to 91.0°¢.

Screaning dnglae at different frequencies.

- Using Mash Type No. 1, the screen was set to give a 4 inch hori-
sontal displacement. Soreening angles of 0°, 4°. 8°, 120. and 15°17' were
useds Two sets of runs were made under these conditions, one at 225 avi‘bra—
tions per minute and the other at 146 vidbrations per minute.

Zype_of Screan

Using the thirteen soreens desoribed under Apparatus (Item 5) and

*A1l runs, in this study, except where :ﬁeoiﬁeall mentioned, 7were made

using Soreen No. 00 (in present use at the Louisville Plant of Joseph E.
Seagram & Sons, Incorperated), and a feed temperature of 75%C.
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stillage of Type No. 2, the ahakingpcreen was set as follewss Screening
angle~4 degrees; horizontal displacement-~4 inches, and number of vibrations
per minute-146.
JFrequency ef Yibration

The shaking soreen was set at a screening angle of 4 degrees, with
a 3 inch horigontal displacement. Using Mash Type Noe 2, the frequency was

varled from 145 to 267 vibratiens per minute.

at different Soreening Anglese.

Using Mash Type No. 2, a frequency of 146 vibrations per minute,
and horizontal displacement settings eof 2, 3, 4, 5, 6 and 7 inches, the
soresning angle was changed from 0° to 4° and to 8°

A duplicate rum, using Mash Type Bo. 3, was made at the 0° soreem-
ing anglo;

Repreducibility of Resultis

Keeping all the variables constant, the shaking screen was set

for a 4° slope, the number of vibrations per minute at 225 with a 4 inch

displacement. These runs were made with Mash Type No. 1 at 75°C.
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HESULIS ARD DISCUSQION

The results of this screening study are represented in two wayss
Per Cent Dewatered (Bqe 9) and Per Cent Retained (Eqe 15)e

Since the ﬁaaolﬁd solids in the motherpliquor "ef the feed was
not determined for Runs 1-44, inclusive, they were estimated by plotting
M, versus F for Runs 92-114. This procedure resulted in Curve No. 3,
Pig. 19, representing Mash Type Noe 2. Rums 115-120, representing Mash
Type Eo. 1, were plotted, and an estimated curve was drawn (Curve Nos 1,
Pige 19) s0 as to pass through the origins

 Ourve 2, Pig. 19, was also used for estimsting data (Mg) that

soomed erronecus in isolated cases. o

The values of M, were used where My was not snalytically deter-
mined, since theoretically,

M, = : (18)

Being physically impossible to keep the guality of the feed and.v
the feed rate constant amd uniform with the available equipment, correc-
tions for deviatipna had to be made.

Arbitrarily, an average feed rate of 120 pounds stillage per min-

ute was docided upon as a standard. Also chosen as standards were (P - Dg)

aVe = 348, 3¢5, and 3.5 for Mash Type Noss 1, 2, and 3 respectivelye.

It should be noted that these corrections da not correlate data
talken with different mash types. A4ll they attempt to do is to put on the
same basis all the data taken with one mash type. The surves do not
represent actual experimentally determined percentages but corrected or

pieudo Por Cent Retalned or Dewatered figures.
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For convenience in studying the rasults; both the Per Cent Retained
anci the Per Cent Dewatered aré plotted on the same graph using the same
ordinate, the abscissa being the variable in all cases.

Runs 34-40, in which all the variéblu were held constant, were

made in an attempt to show the reproducibility of results and are presented

in Table XVI1I.

Pigure 20 shows the variation of Per Cent Dewatered (PeCeD.) and
Per Cent Retained (P.0sR.) with the per cent suspended solids in the feed
at gseveral temperatures. ‘

Por mash types 1 and 3 & high ooncentration of suspehded solids
results in high retentien and poor dewatering--the opposite being true for
low splids concentratioms. This result may be attributed to the fact that
for a thin slurry (low soncentration of solids) the effective viscosity is
low and the grain i:articlu as well as the dissolved solids, have ample
opportunity to pass through the soreen openingss The opposite is true in
the oase of stillage with a high concentration of suspended solidse

A comparison of ourves representing one set of conditions, such
as B, indicates that the PsCeDs curve 1s almost dlametrically eppesite in
shape to the P.C.RBs curve since the same factors that enable small particles
to pass through the soreen will allow the passage of the mother liquor.
This relatiomship is found consistently in all such comparisons.

A change in temperature does not effect the slopes or shapes of
the Curvess This absence of a trend is partioularly evident in curves C,

D, and E, representing Mash Type 3 at 28°, 50°, and 75°0., respectively.
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The difference in mash types can be illustrated by noting that a
ooncentration of 2.6% suapended solids of Mash Type 1 at 75°c results in a
P,CeBe of 12.5, while Mash Type 3, at the same temperature and concentration,
gives a P.CsRse of 70.6. The explanation is, that in their original form
Mash Type 1 contained approximately 4% suspended solids while Mash Type 3
contained only 2.6%. Thus, Mash Type 1 would Bave to be diluted with wata
to attain a concemtration of 2.6% suspended solids. This would end in a
low viscosity slurry (since water rather than a mother liquor was used),
which, as has been stated previously, results in low retention.

Another item concerning Fig. 20 is .the slope of the curves, i.e.,

a small change in concentration results in a comparatively large change in
P.CeRe and PeCelde This effect is particularly important as far as this
screening study is concerned because it was found impossible to keep the
concentration of suspended solids uniform and comstante Hence, it was found
impossidble to decide in many cases, where small ochangef 1n PeCeDe Or P.CeRs
oocurred, whether they were due to a change in the variable or a slight
change in feed concentration. Consequently, the curves in Pige. 20 were
used to make correctioms for even minor deviations from the averages. Curve
E was also used to makes corrections for Mash Type 2, since it resembled
Type 3 a little more closely than Type 1, as shown by Pig. 19.

Fige 21 indicates that an increase in feed concentration is ao-
companied by an inorease in concentration of solids in the soreenings over
the temperatures investigateds Looking at Curvese C, D, E, one oan see that
they fall above one another, respectively, with Curve D being only slightly

higher than Curve Ce
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Bffect of Faed Rate

| ®wo sets of curves are shown in Figure 22, depicting the case of
Mash Pype 1 with a oertain set of eonditions and the use of an entirely
different set of conditions with Mash Type 3» Both sets of ourves show
maxiomm PeCeDe and minimxmm P.CoRe This actiom may be explained on the basis
of the capacity of apparatus. Apparently when the soreen is operated near
flooding conditions, more retention is realised with an accompanying de-
crease Iin the dewatering.

The relatively low P.O¢Bs and high Pe¢CeDe obtained under the condi-
tion of Curve B at 100 1lbs ef feed per minute is Aattributablo to the rapid
vibrations obtained using a frequency of 225 vibrations per minute with a
4 inch strokee 7This partiocular combination with an 8° slope eliminates
*blinding”e 43 can be seen, Curve B for P«CeDe is nmuoh higher than Curve 43,
which was run at only a 4° slope, with 146 vibrations per min. with a 4
inoh stroke. The effect 0f flooding is shown by Curve 4 of Fig. 23 where
a sudden decrease in the screenings concentration occurs at a feed rate of
270 1bs. per minute.

Effegt of Temparatuxe

rigaroavz«t and 25 indicate that with increasing temperature, start-
ing from room temperature, the P.CeRe increases, the P«CeDs remains fairly
oonstant, and S inoreases, wntil a temperature between 65-68°C. is reached.
At this point there eocurs & sudden decrease in P«CeRs, an accompanying ine
orease in PeGeDe, while 8 increases slightly. Then, starting at 80°C., the

P.CeRe curvesrise, the P.CeDe curves fall, while the S curves level off.
This phenomenon may be partially explained by the rapid increase
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in apparent viscosity that ocours between 60 amd 100% (See Figs, 13, Apparent

Viscosity-Temperature).

The angle at which soreening occurs is important because it is one
of the factors that controls the distance the particles move away from the
screening surfaces. The curves of Pige 26 indicate the effect of the soreen-
ing angle. At 9°, the material does not move from the soreen at all but
is shuffled back and forth for a comparatively leng period of time result~
ing in faly retention and dewatering and the highest concentration of
scroenings (Fig. 27)s 4t 4°, the movement from the soreen is not very proe-
nounced, whéreu the particle~time on the soreen is appreciadly lowered.
This decrease in particle-time dees not allow as many particles to pass
through the screen as in the case of a level screen. 4t 8°.-—-—an angle which
seams t0 be optimum for dewatering with a frequency of 225 vibrations per
minute and & stroke of 4 inches,--blinding is eliminated and the particles
md mother liquor have ample opportunity to pass through the soreen, result-
ing in a miniowm P.G.Q. and maximum PeCeDe Curve B, indicates that with a
frequency of 146 vibrations per minute, this effect is minimizede. A4t 12°,
the particle~time is controlling and the P«CeDe and PeCoBe attain values
approximating those at 4% |

Curve B indicates that a frequenoy of 146 vibrations per minute
gives a much higher value of PsCeR., than at a frequency of 2256« The P«CeDes
does not change appreciably with change in slope and is Just a little lower
than Curve 4, except at a slepe of 8% The screening concentration is

higher at the lower screening angles as is shown by Fig. 27.
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From a study of Pigures 28 and 29 it seems that there is little
difference between punched and woven wire screens from the viewpoint of de-
watering and retentien. However, operational characteristics of screens
must also be considered. There seems to be a tendency for inoreased reten-
tion with a desrease in screen opening, whioh fellows the theorye However,
the curves of Figures 28 and 29 show little change with screen types. Ao~
cording to these curves it seems in general not te make very much differ-
ence what mesh scoreen is usede If it is found that particle sisze in the
effluent is important to evaporator operatien, the sise of the screen open-
ing becomes importante
Yariation of Fregusnoy of Yibatien

Figs. 30 and 31 indicate that as the frequency is increased from
145 to 270 vibr#tiens per mine, the P+CeRs and B decreases, and the P«CeDe
increases slightly. This same tendency is found in Figse 22 and 26« Pre-
sumably this effect could be attributed to the violence of the action at |
the higher frequencies.

4+ W. Pghrenweld and S. W. Stockdale (7) made a careful study of
the effect of sieve motion on sieving efﬁeionoy; In their experiments
with high~frequency vibrating sieves, the frequencies ranged frem 500 to
2500 vibrations per minute, with amplitude of vibrations extending from
0¢1 mm. to approximately 0.7 mm. Their resulis shmi “that amplitude of
vibration has & grester effect en the rate of screening themn frequency."™
Their results indicate & maximum point in the amplituéo ocurve (which com-

pares with Fig. 32), and the frequemey curve has a shape similar to the
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PeCeRe curve of Pig. 30.

Fige 32 indicates that the amplitude of vibration gives larger
fluctuations than any other variable and, hence, can be considered omne of
the more important factors in a screening operation.

All the rums shown were made using a frequency of 146 vibrations
per mine If some other frequency were used, the curves would probably shift
in their relative positions, but still fluotuate widely.

Looking at Fige 33, Curves 4, C, and D, as well as Fige 32, cne
can see that with a 2 inch stroke, the best conditions are obtained with
an g° slepe, which produces medium retentions, a high degree of dewatering,
and a good soreening concentrations The 0° slope peints depiot flooding
conditions. With a 3 inch displacement, either a 0° or 4° soreening angle
is best. Operation at both angles prodncoi about the same sereenings con-
centration, but the 0° slope gives better retentien than the a° slope,
while the 8° slope gives better dewatering resultss Hence, if good reten~
tion 1g8 desirable, the o° slope should be used; if efficient dewatering is
desirable, the 8° slope should be used. If capacity is considered, the
g° slope should be used, since high rates of flow at 0° tend to cause flood-
inge It is possidle to minimige the latter disadvantage by increasing the
frequency of vibratiom.

The 0° slope gives the best results with the remaining strokes of
4, 5, 6, and 7 inches, with the P.C.Re and 5 decreasing, aud the PeCeDe ine
creasing, respectively. The same limitations on capacity also holids for

these cases.
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Hepreduoikility of Regults

4s shown by Table XVII, representing a set of runs in which all
the variables were held oenstaht (corrections were made for slight devia~
tions of feed concentration and féed rate), the average error was only

1004 P.CuDe and T0.8 PaCeRe
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Stillage is similar to water as far as boiling point (from 82.5-
94.9 per cent water), specific heat, and density (slightly h:lghar at 20°C,
and slightly lower at 90°C.) is concerned. The a.pparent viscosity of |
stillage is much higher thah water although at 100°C. the stillage values
approach those of water. At 20°C the viscosity of water is 1.005 centi-
poises, whereas the apparent viscosity of stillage is about 36 centipoises.
Screening Jtudy

Por any mash type a high coneentration of suspended sclids in the
feed results in comparatively high retention, poor dewatering, and a high
concentration of solids in the screenings-~the opposite being true for lew
suspended solids concentrations. A4lso, & small change in feed concentra-
tion results in a comparatively large change in PeCeRe, PeCeDs, and 8.

Bfficient dewatering is usually accompanied by poor retentione

The use of high temperature feeds (80°-90°C.) glves better all-
around results. | |

The screening angle 18 the controlling factor in "blinding"s Low
or almost horigontal screening is always accompanied by blinding. Henoe,
the screening angle employed will conirel whether good dewatering or re-
tention prevails. Blinding aids in retention and 1f accompanied by high
particle~time on the screen, results in good dewateringe The disadvantage
to this set of conditions is low capacity.

Lowering particle~time on the screem will decrease the dewatering

effect and increase the degrees of retentiem.
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The frequency of vibration, the amplitude of vibration, and the
soreening angle are intrinsioaily tied together and cannot be considered
apart from one another, although amplitude of vibration can be considered
a major factore

The use of a screen with small openings assures the passage of
small particles only and "blinding" is not necessary te obtainm high reten-
tione With such conditions, a comiaination of screening angle, frequency
of vibratien, and amplitude of vibration can be chosen to attain optimum
and efficient dewatering, without detracting from the capacity of the screens

It should also be noted that, with high values of P.C.R., evaporator
fouling will be lessened and the stillage can be cencentrated to a higher
valuwe of per oent solids than at present, which is 80 per cent, This will
ald in drum dryer operations. |

The methods of obtaining the results, as stated herein, can be
adapted to any mechanical dewatering process, including the dewatering of
slurry which does not contain diesolved solids. Hence, & substantial
comparison can be made of industrial dewatering equipment, whether it be

screening, pressing, centrifuging or filtering apparatus.
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Amplitude of Strokes
See Vibration, Amplitude of
Angle of Screening:
The angle the screening surface forms with a horisontal plane.
Blendings
Screening condition, such that the grain particles form a matting
on the screening surface reducing the open area available for the
passage 0f effluent.

Dewatering, Per Cents

The percentage of original water in whole stillage removed by the
screenling operation.

Displacement, Horizontals
See Vibration, Amplitude of
Distillers' Dark Grains

Final product processed from a mixture of the press cake and the
8yYUpe

Distillers' Dried Grainss
See distillers' light graim, dark graim, and dried solubles.
Distillers® Dried Solubless
| Fin;l product processed from the syrup.
Distillers' Light Grains
Pinal product processed from the press cake.
Effluents

The material, dissolved and fine suspended solids, passing through
the soresening or pressing surfaces.

Peod, Rate of:

The amount of whole stillage passing to the screens per unit time.



Floodings

Screening condition, such that thin liquor passes over the exit
end of the screen, as part of the scoreening.

Mash:

Mixture of gelatinized grain and malt.
Mashing Ratio:

The number of gallons of water used per bushel of ground grain.
Meals

Ground graine.
Hother Liquors

Any stillage liquor containing only dissolved solids.
Particle~times

The average length of time any single stillage particle remains
on the screen.

Press Cake:
Wet grain from the pressing process; pressed screenings.
Retention, Per Cents

The percentage of original suspended solids in whole stillage
retained by the screens.

Soreeningsas

Wet grain from the soreening process; material retained by screens

Slope of Soreens
8ee Angle of Screening.

Stillages

94

Residue left after distillation of fermented mash~-commonly referred

to as "distillery slop".
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Syrups
Concentrated thin stillage; sometimes called thick stillage.
Thin Stillages
The effluent or filtrate from the soreening and pressing opera-
tions, processed stillage, from which the large grain particles
have been removed.
Vivration, Amplitude of:
| The horisontal distance the screem travels per stroke or vibration.
Vibvration, Frequency of:
The number of vibrations or strokes the scieen makes per minute.

Whele Stillages
 Bee 8tillages
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AIST OF SYMBOLS
Lbs of water In the feed per 1b of BsDe s0lids in the feed.
i.bs of water in the soreenings per 1b‘of BeDe s0lids in the feed.
Por cent dissolved solidse.
Effluent concentration, per cent total solids in the effluente.

Feod concentration, per cent total solids in the feed.

Por cent dissolved solids in supernatant mother liquor of the effluent
as obtained by centrifuging.

Per Cent Dewatered.

Per Cent Suspended Solids Retained.

Rate of flow, 1lbs per minute.

Screenings conceatration, per cent total solids in the soreenings.

Rate of flow of suspended solids, 1lbs per minute.

Subsorints

e, £, 8 Referring to effluent, feed, and screenings, respectively.
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RAMPLE CALCULATIONS

Aun No. 34 -- Repreducidility of Rasults

F u 6476% total solids Re = 112 1bs./min.
E = 5.51% total solids Mash Type No. 1
8 = 12.07% total solids

Laleulation of Rer cent Ratained
e and Mg are estimated by use of Fig. 19.
Hg = Me = 2,79
Using Bq. 17,
De = 7 100-2y

s - - = 26
D = oo-2.v9 . 267

Using Bq. 19,
Ds = “100-1,

p = {2:70)(200-6,%6) = 2,71
® " T 100-2.79 . *

Using Bqe 15,
P.CeRe = {1 - M 100

P.CoRe = E- WM 100 = 44.6%
Using Bq. 9,
.0uD. 2 E-{W 100
T 82.0%

L= 1. 4100-12.07)(6.76-6.50) ] 100
Pe0eDe l: (100-6+76) (12.07-6.51) |
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Sample Caloulations (Qontixmed)

Llorroations
Ae - Por Quality of Fead to a base of (P-Df)gy, = 3.8
From Pigs 20, Curve B,

at (’-nf’av. = 3.8 3 POR = 33,0 and PsCeDs 875

88,0

at (F-D¢) T 4,09 ; PCR = 41.6 and P.CeDs
Thus the correction for PeC.Re is minus 8+6% and for P.C.D.
18 plus 4.5%,
Be ~ Por Peed Rates to0 a base of Re ® 120,

Trom Fig. 22,
95.6

"

at Bf". 2120 3 PeCoeRe = 143 amnd PeCuDo
13.6 and P.0.Ds = 95.9

atRBe =112 § P.CeRe
Thme the correction for P.CeRe is plus 0.7% and for PeCeDs
is minus 0.3%. |
Henoces
0oxracted BsGaBe 14446 = 846 4 0.7 = J6o7
Correqted ReGee  82.0 = 0.3 § 445
Saloulatien of Gorrected Soresnings Soncentration
8 ¥ 12,07 (Original Data) '

:

A. Correction for Quality of Peed to the average (P~Dp) = 4.27
Prom Pig. 21, Curve B "
at (F-Dyp) = 4027 ; 8 = 11.62
at (F-Dg)  4.09 ; B = 11.62
Thus the c(;rrec'cion is plus 0,20%

Hence, corrected 3 = 12,07 4 420



ZABLE 2~4
Refers teo Figurs 20 - Curve A
JARIATION OF SUSPRNDED SOLIDS IN THE FRED
Soreening Datas- ZTemperature - 32%
Soreen Angle - 4°

Displacement - 47
Vibre/mine - 225

Magh Type 1
RUN NO. FRED $TOPAL %#POPAL #P07AL  ZDEWATERED %RETAINED  CORRECTHD
RATE SOLIDS SOLIDS SOLIDS  CORRECTION CORRECTION OR PSURDO
#/min IN THE IN THE IN THE POR PEED FOR FEED ZDEWATERRED
FEED BRPPLIBNT SCREENINGS RATE RATE
Be  _E_ _ B -] —BsCeDs
1 97 3.91 3.82 7458 ~0ed 1.0 973
9 117 5409 4.40 9.96 ~0e2 0e2 8840
43 80 6473 5445 10.82 0.9 ~3ed 7841
42 80 6.98 5.48 10.96 0.9 ~3ed 7547

* Estimated Dy

99.

CORBECTED -

OR PSUEDO JSUSPENDED

4RETAINED SOLIDS IN
THE FEED

73 *2.34
33.1 *3.06
45.4 *4.07
49-5 *4.18




RUN HNO.

— Be B

12
7
26
27
a8
29
31
34
35
36
37
38
39
40

* Batimated Df

ZARIR Z-B

Refers to Pigures 20 & 2l-Curve B
| Scruning Datai- Temperature - 75°e |

Screen Angle -
Displacement - 4"
Yibr./mino - 225 .

716

lMash Pype 1
FEED  #TOTAL #TOTAL #TOTAL  JDEWATRRED #BETAINED  CORRECTED
RATR  SOLIDS SOLIDS S0LIDS  CORRECTIOR CORREOTION OR PSUEDQ
#/min. IN THE IN 7HB IN THE FOR VEED FOR FPERD 4DEWATERBED
PERD EFFLUENT SCREENINGS RATE  BATE g
. ] 8 oGeDs
116 538 5.04 1101 0.2 0.4 94.5
112 6e61 5456 11,79 -0.3 0.7 863
108 7.7 S.92 12,12 ~0ed 0e9 72.1
108 7090 5.687 1219 -0.4 0.9 690
107 7493 590 12.28 ~0e4d 1.0 69.3
106 8466 6027 12.48 «0od 1.0 6244
116 6420 5.41 11,42 ~0e2 04 87.4
112 6.76  5.51 12407 -0s3 07 81,7
118 7e11 5.55 11.84 ~0.1 0.2 7643
114 Te26 Be79 11484 0.3 05 7646
1 705 Be85 12.21 ~0s8 0.8 81.9
113 6499 573 11.80 0.3 0.6 80,0
nz 7.03 575 11,75 ~0.3 0.7 796
94 5e74 12,07 -0.3 0.7 78.5

CORRECTED
OR PSUEDO

4RRPAINED

1645
371

58,2
6304
68,2
70,1
52,6
45.5
53.3
5009
43.5
45,7
| 4645

49.5

100 .

{3USPENDED
80LIDS IN
THR FEED

5,22
*3.95
*4.63
“.72
4,75
*5,04
*5.74
*4.09
*4.31
4,40
*4.26
"2t

434



101.

Z2ABIE X-C
Refers to Figures 20 and 2l-~Curve €

Sereening Datas~ Temperature - 28°C
Soreen Angle - 4°
Displacement - 4%
Yibre /mine ~ 226

Mash Type 3
RUN NO. FEED  #FOTAL $rofAL  #POTAL £DEWATERED #REPAINED  CORRECTED | GORKRGED ﬁm

RATE  SOLIDS SOLIDS  SOLIDS OORREO?ION CORRECTION OR PSURDO OR PSUEDO ZSUSPERDED
#/min. INTEHR IN THE IN THR POR FEED  POR FEED ZDEWATERRD - #RBTAINED  SOLIDS IN
» FEED EFFPLUENT SOREENINGS  RATE RATE | | THE FEED

110 136 461  B.64  9.35 002 1.0 85.3 . 631 2048

1 140 398 3.39 8.98 ~0s1 1.1 8949 | 423 2,02

112 139 3.46  3.08 8.61 -0.1 lel 9246 | 38.9 173

113 139 220 2400 7.89 «Qel 1.1 967 \ 2540 *1.04

114 139 1.28 1,09 6,67 0ol 1.1 97.5 25.7 *D.62




RUN XNO.

108
104
108
106
107

108

FEED  $TOPAL #POTAL

RATE
#/ mine

124
133
126
132
145
122

*Estimated Dy

Refers to ll'igtu'asT 20 and 21-~Curve D
YARIATION O SUBPENDED SQLIDS IN JUE FERD
Sereening Datas-~ Temperature - 50°C

SOLIDS

IN THR IN THE
'FEED EFPFLUERY SCEEENINGS RATE

Be . E R

5.16
4.49
3.96
S0 56
274

- 2402

SOLIDS

2ARLE 2-D

Soreen Angle - 4°

Displacement - 4"

Vibre/min. - 225
Mash Type 3

#rorAL,  #DEWATERED #HETAINED
CORRECTION CORRECTION
POR FERD  FOR FERD 4DEWATRERD
RATE

80LIDS
IR THE

-3
3.91 10016 ~0¢1 0.3
3.66 10+36 =002 0.8
3023 9.61 0.1 0ot
2.88 9.31 ~002 0.8
2,44 8.58 0.1 1.3
1.80 7,88 0 0.2

COBRECTRD
OR PSURDO

81.0
88.2
89.1
69.8
95.3
9646

CORRECTED

OR PSUEDO

#REPA INED
s Ce
56.3
44.8
41.9
42.8
31.8
27.2

102 .

USPENDED
80LID3 IN
THR FEED

—ERe
304
2,35
221
1,93
1.56
1.11



103.

ZARBLE X-B
Refers to Pigures 20 and 21-Curve E

Soreening Patai~ Temperature ~ Y5°C
Soreen Angle - 4°
Displacement -~ 4%
Vibre/min. - 225

Mash Type 3
CORREOTED %w
RUN NO. ¥EED  %POTAL #IOTAL #207AL  ZDEWATERED ZRETAINED  CORHECTED dErs SAIG N
RATR  SOLIDS SOLIDS S0LIDS  CORRECTION CORRECTION OR PSURDO FREPAINED  SOLIDS 1N
#/min, IN IR IN THE IN THE  FOR FRED  FOR PEBD ¢DEWATREED THR .FERD
PEED EFPLUENT SCHERNINGS  RATE RATE PG P_De
? p
Be F ] 8. '°Q’2’- 70.2 2456
87 113 4.90  3.36 1045 0.1 004 9.7
53.5 1.72
88 126 3.19 2.61 954 -0.1 05 92.1 53.0 1.69
89 9 . .
125 2.25 2446 .66 0.1 0ed 89,7 50.6 1,45
90 .
128 2.68 2,11 9.11 -0.2 0.5 92.9 43,2 1439

91 138 2466 2.14 9.15 ~0.1 1.0 93.0




JABLR XI-4
Refers to Figures 22 and 23-Curve A
Soreening Datas- Temperature - 75°C
Soreen Angle - 4°

Displacement - 4"
Vibre /min. - 146

Mash Type 3
BUN #SUSPENDED #rOTAL %TOTAL 4T0TAL, ~ FDEWATERED #4RETAINED CORRECTED
¥0s SOLIDS IN S8OLIDS SOLIDS S80LIDS  CORRECTION OORHECTION OR PSUEDO
THE FRED IN THR IN THE IN. THE FOR P~D¢  POR F-D¢ %mmm
. FBED ERFFLUBNT SCRBENINGS !
R=Rg. o B 8 —BaloDe
97 5.00 B+06 8470 11.29 «Bel 3.3 78.1
98  *2.65 4.82  3.81 11.29 «10.9 7.0 7645
99 2,681 4.80  3.90 11.58 ~1le4 744 777
100 2466 4.94  3.98 11.42 -10.7 69 7743
101 2.72 5,08  8.86 9+40 ~9.6 6.0 70.4

* Hotimated Dy

$3Plooding

OOREECTED YARIARLE

CORRECYTED

OR PSUEDO FEED RATE OR PSUEDO

4RERTAINED

—ReCoRe
5749
54.1
52,0
5045

60.5

104 -

#/min, BCEERNINGS
OONTENY

B 8

60 11.06

98 11436

130 11469

165 11.48

270 9,414



ZABLE XI-B
Refers to Figureé 22 and R3-Curve 4

JARIATION QF FRED BATE

Screening Datas~ Temperature - 75°C
Soreen Angle -~ 8°
Displacement - 4"
Vibr. /mine - 225
Mash Type 1

RUN ¥SUSPENDED %TOTAL #POTAL f00TAL  ADEWATERED %RETAINED CORRECTED

¥Os SOLIDS IN SOLIDS SOLIDS SOLIDS  OORRECTION CORRECTION OR PSUEDO

THE FEEP IN THE IN THE IN THB FOR F-Dg  POR P-Dr  ADBWATERED

" FEED EBFFLUENT SORERKINGS | ,

— —RDp  _F | B —RsGeDe
22 %4.40 7028 595 11.42 10.3 ~19.2 87.1
21 .59 7.61  6.54 11.80 14.7 «2640 95.2
23 *4.38 Te24 6423 11.61 10,0 ~18.2 92.8
25 *4.23 6.89  5.89 11,50 649 -12.7 88.2
2 o4 7035  B.53 11.66 11.1 -20,7 82.8

"Estimated Df

105.

CORRECTED YARIABLE OCORRECTED
OR PSUEDO FERD RATE OR PBUEDO

4RETAINED  #/min, SCREENINGS

CONTEN?
ko GoBs y: '] R}
29.2 68¢9 11.43
13.8 84.6 11.66
19.4 164 11.83
28.5 195 11.65
36.9 237 1l.64



JABLE Z1l-4
Refers to Figures 24 and 25-Curve 4
Screening Datas- Soreen Angle - 4°

Displacement - 4"
Vibre /min. - 225

Mash Type 1 |
RUN FEED  #rOTAL #SUSPENDED #TOTAL #T0TAL  #DEWATERED #DEWATERED : #RETAINED #REPAINED OORRECTED COBRECTED YARIAELE  CORRECTED
§O» RATE SOLIDS SOLIDS 1IN SOLIDS S0LIDS CORRECTION CORRECTION CORRRCTION CORRECTION OR PSUEDO OR PSURDO ¥ERD OR PSUEDO
#/min, IN THR TEHE FEED IN THE IN THE FOR FOR P-Ds FOR POR P-D, #DBWATERED #RETAINED TRMPRRATURE BCEEENINGS
FERD EFFLUERNT SCHEENINGS FEED RATE | FEED RATE ‘ . , o¢ CONTENT
Be I _ By _E s | ' _RuGDe _ PeGeFa 3
1 97 351 %2.34 582 7,58 ~0u4 _17.8 % 1.0 7.7 79.6 4.9 29.5 10.01
9 117 5:0  *3,06 4,40 9.96 -0.2 -85 0.2 11.6 79.5 44.5 2.0 10.19
13 110 .09  *3.67 4,84 10,70 -0ed -1.1 ! 0.8 1.4 7802 51.8 48,0 10.28
10 117 5.66 *3,40 4,65 10.44 0.2 5.0 0.2 10,9 7842 53.5 525 10,32
4 94 4,36  *2.61 377 9405 =0e3 ~10.5 0.8 255 786 57.8 67.0 9.58
3 102 4.20 *2,51 5.75 9426 <0k -10.9 l.1 2648 81,0 52.9 675 9.94
17 112 6.51 *3,93 5o 56 11.79 -0.53 2.0 0.7 ~440 87.3 83.1 7640 11.26
31 116 6420 3,74 5.41 11.42 0.2 0.9 0.4 1.8 8645 B4 7540 11.03
38 113 6499 .24 5.73 11,80 0.8 7.5 0.6 ~13.5 87:3 3242 7540 11,08
12 116 5.38  *5.22 5.04 11,01 ~0e2 6.8 0.4 15.2 8Ye7 5147 77.0 11,03
6 101 476 2,66 4.54 10049 0.4 -9.4 1.1 2242 86.7 54,7 8640 10.82
B 9y 4.55 2,71 4.14 10.41 ~0ud 101 1.0 24,2 83.7 41.8 8740 10,89
14 9 6416 *3,72 5410 11.26 -0.4 «1.0 0.9 2.2 82.3 “.7 9040 10.89
11 96 5.41 *3,25 4.59 10,93 -0e4 ~645 0.9 14.8 80.9 1.1 92.0 10,92

*Bstimated Dy



ZABLE Z11-B
Refers to Figureé 24bém<'1 25-Curve B
JARIATION OF FEED IEMPERATURE
Soreening Datas~ Screen Angle - 4°

Displacement - 4"
Vibre /mine ~ 146

Mash Type 2
RUN PEED  #rOTAL ¢SUSPENDED 4%TOPAL 410TAL  #DEWATERED %DEWATERED
KOs RATE  SOLIDS SOLIDS IN SOLIDS S80LIDS  CORRECTION CORRECTION
#/mn, IN THE THE FEBD IN THE IN 7HR FOR FOR F-Df
FEED EFPLUENT SCREENINGS FEED RATE
B¢ E B=Dg ¥ ] i
82 129 6034 3.07 BeB5 11064 «0el ~4.0
83 122 6410 2,78 5429 11.61 0 ~5e6
84 130 6425 %2485 5426 12,14 ~0e1 ~540
86 105 6051 *2,90 5.84 12,82 0.3 N
85 103 6465 *3,13 5.42 12.47 003 -3e7

*Estimated D¢

1

4RETAINED ZAREPAINED
' QORRBOTION CORRECTION OR PSUEDO
POR P-D¢ ADEWATERED #RRTAINED

MR -

FERD RATR
0.6 el
02 8.9
0.8 8490
=1s0 4¢3
~lel 2.4

CORRECTED

~ReCeDe  __PeCeBe

- 83.7
82+3
8l.4
84.6
80.2

CORHECTED
OR PSUEDO

39.1
48.9
54.2
347
B52.5

107

YARIABIE  CORRECTED
FERD . OR PSUEDO
TEMPERATURE SCHEENINGS
°c CONTENT
S
29 11.58
44 11.70
59 12.18
75 12,85
91 12.31



Refers to Figures 26 snd 27-Cmrve A
YARIATION OF SCHRERNING ANGLE
Soreening Datas~ Temperature - 7500

Displacement ~ 4"
Yidr. /min, - 225

JABLE X111-4

Mash Type 1
RUS FERD  #T0TAL #SUSPENDED #POTAL #roTAL  #DEWATERKD #DEWATERED
NO. RATE  SOLIDS gQLIDS IN  SOLIDS SOLIDS  CORHECTION CORRECTION
#/min. IN THE THE FRED IN THE IN THE FOR POR F-Dg
FEED RPPLUBKT SCEEENINGS FEED RATE
Be _ _E E-De _E g
16 101 6486  *4.14 5e79 12.42 ~0ed 5¢5
17 112 651  *5.93 5456 11.79 ~0e3 149
26 108 Tl *4.63 5.92 12.12 004 15.5
31 116 6420 3,74 Sedl 11.42 «0e2 -07
36 114 Te26 %4440 5+79 11.84  =0e3 10.3
38 113 6499  *4.24 Be73 11.80 -0e3 743
3 12 7,08  *4.24 5¢75 11.95 ~0e3 73
21 B4e6  7.61  *4.89 6054 11.80 0.4 14.7
23 154 Te24  %4,38 6423 11.81 2.9 10.0
24 237 Ve85  *4.44 5.58 11.66 13.0 11.2
25 195 @99  *4.23 5489 11,50 7.9 6e9
19 116 6,80  *4.11 5483 11.47 «0e2 5.0
20 109 6eB4  *4.14 5.53 11.32 ~0e4 59

*Eatimated Bf

¢

#RRTAINED /RETAINED
OREBCTION COHRECTION OR PSUEDO OR PSUEDO SCREBNING OR PSUEDO

CORRRCTED

CORBEQTED

COREECTED

FOR FOR P-D, #DBWATERED #REPAINED  ANGLE  SCREENINGS
 FEED RATE o | CONTERT
~BeGeDe =~ _ReQeBe "3
el ~10.8 8941 2849 0° 12.50
0.7 -4.0 87.2 33.1 4° 12,04
0.9 ~2746 876 3046 4° 1181
Oed 1.8 8647 343 4° 11.81
05 -19,2 8649 81.7 4° 11.73
06 «13¢5 87.3 32.2 4° 11.81
0.7 «13.5 8648 3340 4° 11.76
-049 ~2640 9546 12.9 8° 11,55
~5e6 ~18.2 9547 13.8 8° 11.72
. -25.0 ~20.7 9549 13.9 a° 11.52
<1540 ~12,7 9601 1805 8° 11.52
0.4 XN 84.5 87,8 12° 11.58
0.9 ~10,8 63,9 38.1 11439

108 .



ZARLE Z111-B
Refers to !'igureé 26 aﬁd 27=-Curve B
JARIATION OF SCREENING ANGLE
Soreening Datai~ Temperature - 75°C
Displacement -~ 4"

Vibr./nin. - 146
Mash Type 1

RUN FEED  #P0TAL %SUSPENDED #IOTAL FPOTAL #DEWATERED #DEWATERED
NOe RATE  SOLIDS SOLIDS IN SOLIDS SOLIDS CORREOTION CORRECTION

#/min, IN THR THE FEAD 1IN THR IN THR POR FOR F-Dp
FEED EPFLUER? SOREENINGS PRED RATE
— Be. K __P=l¢ -3 8
17 136 6475 4.07 Be24 13,73 1.1 4.5
115 134 6474 4.18 4.78 12,94 0.9 6e3
116 146 6473 4,05 5407 12462 2.0 3¢9
118 136 6466 3,94 5403 12466 1.1 240

119 120 6480 4.04 Be26 1;‘2. 08 0 Se8

109.

| #RETAINED #RETAINED CORRECTED COREECTED YARIABLE CORRECTED

CORRECTION CORRECTION OR PSUEDO OR PSUEDO SCREENING OR PSURDO
POR FOR F-D¢ #DEWATERED JRETAINRD  ANGLE  SCREENINGS

JRED RATE » | CORTENT

—PaCala. __PeGaRa 8

2.4 ~8:5 80.2 37.8 Q° 13.73
-240 =115 84.8 47.6 49 12.85
~del ~%e¥ 85.0 43.6 g® 12.53
-24 ~4e2 83.1 48.3 120 12.76
o =78 8246 45.3 1597°¢ 12,09




Soreening Datas~ TPemperature - 759
Soreen Angle - 4°
Displacement ~ 4%
Vidre/mine - 146

JABLE XLV

Refers to Piguros'as and 29

JARIATION QF IYRE QF SCEREN

Mash Type 2

RUN FERD 4TrOTAL %SUSPENDED #TOTAL

FPOTAL,  %DEWATERED ZDEWATERED

§O» RATE  SOLIDS SOLIDS IN SOLIDS SOLIDS  CORRECTION CORRECTION

#/min, IN THE THE FERD IN THE IN THR FOR FOR F-Dg
FEED EFPLUBNT SCEEENINGS  FERD RATE

Rf P ’“21_, B 8

“4 14 7.14 *3,69 5.60 13.62 0.1 0.9

45 113 7403 3467 5.58 13.37 0.1 0.8

6 112 7.08 3.68 5494 14.04 0.2 0.9

% 113 7.82 8,72 5e71 14.24 0.1 1.0

48 116 7400 *s.sg 5.98 13.684 0 0.8

49 120 700 ‘s.eé 5.84 13,97 o 0.8

s 114 7431 *3464 5.68 13.73 0.1 0e7

51 118 7.29 *3.64 6+21 14.67 0 0.7

62 112 7434 *3.65 5086 13.96 0.2 0.7

B5 109  %,54 *3.71 6408 14.34 0.2 1.0

B4 13 7428 *3.68 6002 13.81 0.1 0.9

85 112 Vedd *3,68 6.19 14.01 0.2 049

86 98 7.41 %3467 5,90 13.89 0.4 0.8

*Estimated D,

#RRTAINED  %RETAINED
 CORRECPTION CORRECTION
POR P-Dy #DEWATERED ZRETAINED

' POR
' FEED RATR
| =03 ~0.8
. =0.4 0,7
| «0¢5 ~0¢8
? ~0ed «1.0
| «0¢2 «0e7
0 ~047
| =0.3 -0s6
~0e1 ~046
~0¢5 «0¢6
«Qe? =160
~0e4d «0.8
=05 08
| ~le6 047
|

CORRECTED

CORRECTED

JARLARLE
OR PSUEDO  OR PSUEDO SCRERN SORERN

EOC.

OPENING

110

CORRECTED
OR P3UEDO
SCREERINGS

CONTER?

PaGaDs PsCo Bs Inchas 8§

83,1
8346
88.1
83.6
8848
87.6
82.0
89.0
83.9
84,8
8660
8643

8346

53.1
50.8
407
54.0
7.4
41.9
564
3940
Bl.6
49.7
4.7
44,1

51¢3

00
0
04

S

16

0.020
0.023
0.023
0.027
0.033
0.039
©,0116
0.0166
0.01925
0.,0237
0.0277
0.033

0403956

13.62
13.39
14.06
14.22
13.87
14.00
13.74
14.71
13.99
14.32
13.82
14.02

13.91



JARLE XY

Refers to !iénral 30 and 31
JARIATION OF FREQUENCY OF VIRRATION
Sereening Datas- Temperature - 75°C

Soreen Angle - 49
Displacement -~ 3%

#RETAINED %RETAINED
COBRECTION CORRECTION OR PSURDO
%DEWATERED

sh Type 2
RUN FRED  #TOTAL #SUSPENDED #TOTAL 4TOTAL  ZDEWATERED HDEWATERED
NO« RATE  SOLIDS SOLIDS IN SOLIDS SOLIDS  CORREGTION CORRECTION
#/min. IN THE THE FEED IN THE IN THE FOR FOR F.Dg
) FRED EPFLUENT SCRERNINGS FEED RATE
Ry F P-Ds B 8
Y6 127 6e94  *3.39 5e81 13.40 ~0.1 <049
89 114 7426 3059 6408 14.29 0.1 0.5
77 118 6478  *3,30 5096 13.22 0.1 ~le7
81 118 6,72 *3.25 5.98 1275 0 ~2.1
" 133 6e71 3,25 5.95 12.57 ~0.2 -2.1
79 117 675  #3,27 6e12 12.43 0ul ~1.9
80 106 6s55 3,15 6.00 11.61 0.2 ~3.1

*Estimated Dp

. POR FOR P-Dg
FEED RATE

0.5 0.5
~0e4 0.3
| =0e4 1le3
«0e1 1.5
0.8 1.5
;0-1 1.5
| =le0 2.3

CORRECTED

851
87.4
87.9
871
870
86,8
87.8

—ReLaR . __ReCelle .

44.9
42.8
36.2
35.3
3543
2%.4
27.4

CORRECTED  YVARIARLE
OR PSUEDO FREQUENCY XO.
ZRETAINED OF VIBRATIONS SCEEENINGS

COREECTED
OR PSUEDO

PER MIN, CONTENT
8
146 13433
145 14.07
le2 13,28
176 12.79
200 12.61
226 12,46
267 11.71

111.



205 Vi~
Eefers to Figures 32 and 35-Curve &

D e e s s  comsorior somsorlas
#/adn, IR 7HE THE FEED LN THR INRE PR FOR FeDe
¥FEED BPFLIENT BSCREENINGS FEED RaTR
B | 4 PuDo — B
&3 102 7+4%  3.58 5.66 9.5 03 1 9%
64 118 T4 376 600 143 0. 1.0
66 110  T.44 *3.53  8.58 13.87 Bed 0ol
66 18 T.¥2 3.9 6.30 5.5 023 0.9
61 108 781 B8 O Ga2A 13.08 08 Out
68 151 7.58 *3.58 §e48 1278 0.
*Estimated D¢
s*Flooding

nz

OOREEOTION CORREOZION OR PSUBDO awsw mexw. oR PBUDO
FOR ¥OR P-Dp, ADRWATERED ZRBTAINED DISP "
wrGeBe | RaGeBs. . Jlnches B
1.8 “0s 50.Y 7.6 2 9.43%*
=0uR ~1:0 81¥ 580 3 14,26
| ub «0s 7944 [T ¢ 13.96
F ~0e5 ~0e7 82,1  Bl.0 5 13.26
; wled o 88.2 4.7 6 13.13
! 0.8 0.2 8.y 87 Y 12.88
4
|
]



24RLE XVI-B
Refers to Pigures 32 and 33-Curve B
VARIATION OF HORIZONTAL DISPLACEMENT
Screening Datas~ !ompéiature - 75°C

Soreen Angle - 0°
Vidbre /min. - 146

Mash Type 3
RUR FEED  4T0TAL #SUSPENDED ¥TOTAL  #TOTAL #DEWATERED %DEWATERED
NOs RATE  SOLIDS SOLIDS IN SOLIDS  SOLIDS CORRECTION CORRECTION
#/min, IN THE THE FEED IN THE 1IN THE FOR FOR FuDf
FEED EFPLUERT SCREENINGS FEED RATE
k P ?—B‘ B 8
. .
92 139 4,80 2,50 8457 6.70 0.1 -18.0
93 137 4.90 2456 3.86 12,323 -0el f1205
94 133 4490 2.58 3.60 11.99 ~0¢1 ~11.7
95 128 5+23 2.86 3.82 11.89 «0e1 ~7¢5
96 130 5.08 2¢74 3.84 1l.81 «Cel 9.2

$*Flooding

D e

| JRETAINED ¥RETAINED
CORRECTION CORRECTION OR PSUEDO

CORRECTED

CORRECTED
OR PSUEDO HORIZOKNTAL

113.

GORRECTED
OR PSUEDO

FOR P-Dy #DEWATERED #RETAINED DISPLACEMENT SCREENINGS

 FOR
| FEED RATE

|

1.1 8.8
| 1.0 7.8
0.9 7e6
0.5 4e6
0.7 5.8

CORTEN?

M.M.ML_..__L___

48.4
7601
¥3.9
7642
7602

773
59.2
695
6540
63,7

2

3
4
]
6

6e84%*
12,39
12.06
11.72
1l.24



JARLE XVI-C

Refors to Pigures 32 and 33-Curve O

Screening Datai~- Temperature - 75°C

Screen Angle - 4°
Vibr, /min. - 146

Mash Type 2
RUN FEED  #T0TAL %SUSPERDED #rofaL 4TOTAL  ZDEWATERED %DEWATERED
NO. RATRE  SOLIDS SOLIDS IN  SOLIDS S0LIDS  CORRECTION CORRECTION
#/min, IN THR THE FEED 1IN THE IN THE FOR FOR P-Dg
FEED EFFLUENT SCREENINGS FEED RATR
B8 107 Te26 3.77 6426 12424 0.2 1.0
59 114 7426 3.59 6408 14.29 0.1 045
57 103 7.14 3486 5470 13.01 0.3 le2
60 130 7¢34 3.76 5.94 12,86 ~0.1 1.0
61 130 7.22 $.76 6416 12.17 ~0.1 1.0
62 7.28 3472 594 12442 0.2 0.9

110

'4RETAINED #RETAINED GORRECTED CORREOTED

, COREECTION COREECTION OR PSUEDO

. FOR FOR P-D,
' FEED RATE
0,9 ~1.0
04 0.3
A 1.3
07 1.0
f 0.7 1.0
0.6 ~0.9

OR PSUEDO

%DEWATERED %RETAINED

—~dslsle . _ReQeRe __ Inches

6543
87.4
83.0
8l.9
84.2
68l.6

38.0
42.8
48.6
50.9
41.5
49.1

CORRECTED
HORIZONTAL OR PSUEDO
DISPLACENENT SCREENINGS
. CORTENT:
)
2 12.14
3 14.21
4 12.684
5 12.78
6 12.09
4 12,38

114



RUN FEED
NO. BRATE -
#/min.
— B
69 117
70 122
71 111
72 111
73 116
74 }12

LABRLE XVI-D
Refers to Figures 32 and 33-Curve D
YARIATION OF HORIZONTAL DISPLACEMENT
Soreening Datai- Temperature - 75°C

Screen Angle - 8°
Viter./mine « 146

Nash Type 2
#20TAL #SUSPENDED #TOTAL 4POTAL  FDEWATERED %DEWATERED
SOLIDS SOLIDS IF SOLIDS SOLIDS  CORRECTION CORRECTION
IN THR 'THE FEED 1N THE IK THE POR FOR F-Dg
FERD EFFLUENT SCREENINGS FERD RATE
B X ) B s
7.03 3.42 5+92 12.93 0 046
7.26 3.61 6405 15.59 0ol 0.6
%e12 357 6418 12,95 0.2 0.4
7.13 *3.565 6427 12.54 0¢2 0.2
7.18 3456 6+18 12.08 0 0.3
7015 ‘5056 6017 12005 002 002

*Estimated Dy

- #RETAINED #RETAINED
| CORRECTION CORRECTION

| FOR FOR F~Dyp
FERD RATE

—G;l 0.5
0.2 ~0.4
«0e6 Qo2
=046 -0l
=0el =0l
~0e8 ~0e1

CORRECTED
OR PSUEDO

CORRECTED
OR PSUEDO

4DEWATEEED %RETAINED

84.6
85.6
8746
875
84.3
84.5

4.9
45.2
3646
S4.7
41.0

39.8

JARIABLE
HORIZONTAL
DISPLACEMENT

2
8
4
5
é

v

115 .

CORRECTED
OR PSUEDO
SCREENINGS
CONTENT

13.11
13.62
13.00
12.61
12.14

12,09



RUN PRED  #r0TAL #SUSPENDED #roTAL

ZABLE ZU1I

REPRODUCIBILITY OF ZESULTS
Screening Datas~ PTemperature - 75°¢C

Screen Angle - 4°
Displacement - 4"
Vibrs /min. - 222

470TAL  ADEWATERED ZDEWATERED

NO. RATE  SOLIDS SOLIDS IN SOLIDS SOLIDS  CORRECTION CORRECTION
#/min. IN THE THE PEED  IX THR IN THE POR POR P.Dyg

FEED EPPLUENT SCREENINGS FEED RATE

By 3 P-Dg B 8

4 12 676  *4,09 5.51 12,07 ~0e3 4.6

3 118 Tell %431 5465 11.84 -0e1 8+4

3 114 T¢26  %4,40 5e79 11.64 “0e8 10,3

3y 11 7,06  *4.26 B. 85 12.21 =043 7e5

% 113 6099  %4,24 5473 11.80 “0¢3 743

39 112 7.05 %42 Be 75 11,75 0.3 Te3

40 94 716  *4.34 5e74 12,07 «0e3 940

*Estimated Dp
Average Error = g—z—iﬂ

¥hores d

nim .

sum of deviations (absolute
value) from arithmatical mean

mmbei of observations

e e e S i s o L

116.

 4RETAINRD 4RETAINED CORRECTED COREECTED CORRECTED
OR PSUEDO OR PSUEDO

' CORRECTION CORRECTION OR PSUEDO
FOR P-Dp #DEWATERED #RETAINED S

i POR

- FEED BATE
0.7 -8¢6
0.2 *36¢5
0.6 ~19¢2
0.8 ~14e7
0.6 =13.5
0.7 =13+5
0.7 =176

CREENINGS
CONTENT

—RaQele  _ReOeBe = __ & ____

86.2
84.7
8649
89.4
87.5
86.8

875

ave 8649

36e7
368
31l.7
28.6
32.2
33.0

31.9

ave 33.0

Ave Error of PeCiDs = t%}%—: ! 0,38

Av. Brror of PoCsRe = gﬁgk $ 0,81

Ave Error of 8

=3%3§15:o.es

12.22
11.81
11.94
12.22
11.82
11.77
12.02
ave 11.97



RUN FRED
NO. RATE
#/mine

— B
1 97
3 102
4 94
5 97
6 101
7 62
8 54
2 7
10 17
11 96
12 116
13 110
14 g6
15 117
16 101
17 112
19 116
20 109
21  g85*
22  69*

*Tariable

F

.91
4.20
4.3
4.53
4.76
5435
B.96
5.09
566
541
5.38
6.09
6016

6468
6.86

6451
6.80
6.84

761

JABLE ZVIU
SRIGINAL SCRRENING DATA
4T0TAL  HORIZOKTAL FREQUENCY SCREEN
SOLIDS DISPLACEMENT OF ANGLE
, IN THR VIBRATION
FEED EFFLUBNT SORRENINGS
B 5 Inches Noe/min. Degrees
5482 7.58 4 224 4
3.75 9426 4 224 4
377 9405 ¢ 224 4
4e14 10,41 4 224 4
4.54 10.49 4 224 4
Beld 10497 4 224 4
5436 11.06 4 224 4
4440 9,96 4 224 4
4465 10.44 4 224 4
4.59 10,93 4 224 4
5+04 11.01 4 224 4
4.84 10,70 4 224 4
5.10 11.26 4 224 4
5e45 11.63 4 224 4*
8.79 12.42 4 224 0*
5+56 11.7% 4 224 4+
Be53 11047 4 224 12*
5453 11.82 4 224 15.1%
654 11.80 4 224 8
5495 11.42 4 224 8

7.28

410TAL FPOTAL
SOLIDS SOLIDS
IN THE IN THE

. BARHEL SCHEREN

XO» PYFE
1 00
1 00
1 00
1 00
1 00
1 00
1 00 .
1 Q0
1 00
1 00
1 00
1 00
1 00
1 00
1 00
1 00
1 00
1 00
2 00
2 00

17,



118.

ZABLE ZVILI (Coutdnued)

RUN FEED  #FOTAL #TOTAL %POPAL  HORIZONTAL FREQUENCY SCREEN  TEMP. | BARERL SORERE
NO» RATE  SOLIDS SOLIDS SOLIDS  DISPLACEMENT OF ANGLE or = YPE
#/min, IN THE IN THE IN THE VIBRATION FEED \
FEED EFFLUENT SCREENINGS :
Re P E 8 Inches No./min. Degrees ©°C *

23 154* 7e24 623 11.81 4 224 8 75 2 00
24 237 7.35  5.53 11.66 4 224 8 78 2 00
25 195* 6499  5.89 11.50 4 224 8 8 2 00
26 108 7.71% 5,92 12.12 4 224 4 75 2 00
27 108 7.90%  5.87 12.19 4 224 a 75 - 06
28 107 7.93%  5.90 12.28 4 224 4 (£ f 2 00
29 108 8.66% 6427 12,43 4 224 4 75 2 00
31 116 6020*  Bedl 11.42 4 224 4 % 2 00
83 117 Be76%  4eB7 10,80 4 224 4 75 2 00
34 112 6476  Bebl 12,07 4 222 4 75 3 00
35 118 Y411 555 11.84 4 222 4 76 2 00
36 114 7¢26  5e79 11.84 4 222 4 76 2 00
g7 11 7.05  5.85 12.21 4 222 4 75 2 00
38 113 6499  B.78 11.80 4 222 4 3 2 00
39 12 7.03  5.75 11.95 4 222 4 5 2 00
40 94 716  5.74 12,07 4 222 4 75 2 00
42 80  6.95  b.48 10.96 4 222 4 32 3 00
43 80 6.7  b5.45 10.82 4 222 4 32 3 00
*Variable




119.

ZAME JVILI (Continued)

QRIGINAL SOREENING DATA
RUN FEED  #POTAL #2OTAL 4eoraL  %DISSOLVED  PREQUENCY SCREEN 'HORIZONTAL  TEMP. BARRRL SCREEN
NO» RATE  SOLIDS SOLIDS SOLIDS  SOLIDS IN OF ANGER | DISPLACEMENT  OF NO..  TYPR
#/min. IN THE IN THE IF THE  MOTHER LIQUOR VIBRATION FEED
FEED EFFLIENT SOREENINGS OF EPFLUBNT
By 2 _E ) Mg _No./min., Degrees Inches _ _°¢
44 14 7014 560  13.62 8458 146 4 4 75 3 00*
46 13 .08  5.58 15457 3439 146 4 s 75 8 0%
46 112 7.08  5.94 14.04 354 146 4 e 75 3 04*
&7 113 7482  Be71 14.24 3.73 146 4 4 75 5 1%
48 116 7,00  5.98 13484 5064 146 4 4 76 3 2+
49 120 7.00  B.84  13.97 375 146 4 4 76 8 3
50 114 7.81  b5.68 13473 3480 146 4 4 75 3 §0*
51 118 7¢29 6.2 14.67 3.94 146 4 » 4 7% 3 35*
52 112 7034 B5.86 1396 4014 146 4 4 75 3 B2
53 109 7.64  6.08 14.54 3065 146 4 4 "5 3 ag*
B4 113 7.28 6,02 13.81 3080 146 4 ¢ 76 3 24*
55 112 Y44  6.19 14.01 3.62 146 4 4 76 3 20°
66 98 7e4l  5.80 13.89 370 146 4 4 75 8 16*
BT 108 Tel4  B.Y0 13,01 3.42 146 4 4 7% 3 00
58 107 7e26 6425 12.24 3.63 146 4 2* 75 3 00
59 114 7.85  6.08 14.29 3.78 146 4 ’ 3* 75 3 00
60 130 T.34  5.94 12.86 3.78 146 4 5* 75 3 00
61 130 Ye22 6416 12.17 3459 146 4 [ 6* 75 3 00
62 110 7.28  5.94 12442 3470 146 4 o 75 3 00
63 102 7449  5.56 9436%* 4,08 146 0 2* 76 8 00

Bl a? o2



JARLE XVILI (Qontinued)

RUN FERD  #TOTAL #mOTAL  #roraL  #DISSOLVED  FREQUENCY SCRMEN
NO» BATE  SOLIDS SOLIDS  SOLIDS SOLIDS IN oF ANGLE
#/min., IN THE IN THRE 1IN THE MOTHER LIQUOR VIBRATION
FEED RFFLUENT SCEEENINGS OF EFFLUENT
Re P B 8 Mg | No./min. Degrees

64 115 774 6400 14,34 4.4 146 0
66 110 Tedd 5458 15487 4.15 146 0
66 112 T.72 6430 13,31 4.18 146 0
67 104 7.51  6.24 13.06 4.21 146 0
68 131 Te58 6448 12.78 4.20 146 0
69 117 7,03 592 12,93 3,74 146 8
70 122 7026 6,05 18,59 8,79 146 8
v1 111 7,12 6.18 12.95 3.68 146 8
72 111 Tel3 6427 12.54 3094 146 8
73 116 7.18  6.18 12.08 8475 146 8
74 112 7.16 6417 12.03 .52 146 8
76 137 6.94  Ba81 13,40 3.29 145* 4
™ 113 6,78  5.96 13,22 3.11 162* 4
76 133 6071  5.95 12.67 3456 200* 4
79 117 6475 6412 12,43 3.63 226% 4
80 106 6.55 6400 11.61 5.71 267* 4
g1 118 8.72 5493 12,75 5460 176% 4

*Yariable

HORIZONTAL
DISPLACEMERT

—Inches . _°C

3
4%
5
6%
7
o
s
4*
b*
6*
e

“ o <« (2} L) (<]

TENP.
OF
PEED

75
7%
78
76
76
76
75
76
76
76
7
76
75
75
76
78
({]

BARREL SCHEEN
KO» TYPE
3 00
3 00
8 00
3 00
3 00
3 00
S 00
S 00
3 00
3 00
S 00
3 00
S 00
3 00
3 00
3 00

3 00

120 ’



ZARLE XVIII (Continued)

ORIGDNAL SCRERNING DATA

RUN FEED  #TOTAL #TOPAL 4P0TAL  #DISSOLVED  %DISSOLVED  SOHEEN
NO. RATE  SOLIDS SOLIDS SOLIDS  S0LIDS. IN SOLIDS IN ANGLE

#/Min. IN THE IN THE IN THE  MOTHER LIQUOR MOTHER LIQUOR

FEED XRFFLUBNT SOREENINGS OF PEED OF EPFLUENT

Rp ) B 8 Mg Mo Degroes
82 129 6434 5455 11.64 3.37 3436 4
83 122 66410  5.29 11.61 3.45 3.41 4
84 130 6426 5426 12,14 3437 5450 4
86 103 6465  5e42 12047 3.52 3.64 4
8 106 651  bBe84 12.82 3.81 3e72 4
87 113 4.90*  3.36 10.45 2440 2.42 4
88 126 3.19% 2,61 9454 1450 1475 4
89 125 3.28% 2446 9466 1.59 1.58 4
90 128 2,63* 2.1 9011 1420 1.54 4
91 138 2.66% 2,14 9415 1.29 1.28 4
92 139 4480  3.57 6070%* 2.36 2426 0
93 137 4,90  3.86 12433 2441 2445 0
94 133 4.90 .60 11.99 2,38 2,44 0
95 128 5.23  3.82 11.89 2.44 2459 0
96 130 5,08  B.84 11.81 2.41 2.46 0
97  60* 5,06  3.70 11429 2013 2,07 4
98  98* 4.82  3.81 11.29 2415 2423 4
99  130* 4480  3.90 11.58 2425 2026 4
100 165* 494  3.98 11.42 2.34 2430 4
101 270* Bs02 3466 9.40%% 2436 2034 4

P

OoF

‘ VIBRATIOR

s
%

146
- 146
146
146
146
226

226

146
146
146
146
146
146
146
146
146

146

Lo T R T T R S S 3

o o e &
. & & = a

L T N

121 -

' PREQUENCY HORIZONTAL TEMP. BARREL SCREEN
DISPLACEMENT

orF NO.  TYPE
PEED
g

29* 3 00
44 3 00
69* 3 00
91% 3 00
75% 3 00
76 4 - 00
75 4 00
75 4 00
75 4 00
75 4 00
75 5 00
75 b 00
75 5 00
76 5 00
78 5 00
75 [ 00
75 5 00
75 5 00
75 5 00
76 5 00



PABLE XVIII (Continued)

SORIGINAL SCREENING DATA

RUN FEED  #TOTAL #TOTAL 4P0TAL  %DISSOLVED £DISSOLVED SCREEN
NO» RATE  SOLIDS SOLIDS SOLIDS  SOLIDS IN. SOLIDS IN ANGLE

#/min, IN THE IN THR IN THE  MOTHER LIQUOR MOTHER LIQUOR

FEED EPFLUENT SCREENINGS OF FERD OF EFFLUENT

_Bg P E 5 Mr My Degrees
103 124 5.16*% 3491 10416 2.18 2.28 4
104 133 4049% 3,66 10436 1.98 2.19 4
105 126 3.96* 3.28 9.61 1.77 1.80 4
106 132 B.56* 2.88 9.51 1.66 1.65 4
107 145 2.74* 2,44 8.58 1.19 1.31 4
108 122 2,02*  1.80 7.88 0.92 0.97 4
110 136 4.61% 3.64 9423 2.22 2.25 4
111 140 3.98%  3.39 8.98 24,00 2,09 4
112 139 3.46* 3.03 8.61 1.76 1.79 4
113 139 2,20* 2,00 7.89 1.05 1.19 4
114 139 1.23*  1.09 6467 0.55 0.71 4
115 134 674 478 12.94 2.67 2,70 4%
116 146 6473 5407 12.82 2,80 2.81 8*
117 136 6.75  Be24 13473 2.79 2.77 o*
118 136 666  5.03 1266 2.84 2.684 12%
119 120 6480 5426 12,08 2.87 2.86 15.1*
*Variable

**Plooding

122.

FREQUENCY HORIZONTAL TEMP. BARREL SCREEN
-~ op DISPLACEMENT  OF NO.  TYPE
VIBRATION FEED
Hoe/min. . _Inches ¢
285 4 50 5 00
225 4 50 5 00
226 4 4] B 00
| 226 4 50 5 00
225 s B 5 oo
‘ 225 4 850 b 00
| 225 4 28 5 00
285 4 28 5 00
225 4 28 6 00
225 4 28 5 00
225 4 28 5 00
146 4 76 6 00
146 4 75 6 00
146 4 75 6 00
146 4 5 6 00
146 4 76 6 00
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