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I, INTRODUCTION

Mixing is a unit operation which is probably used more universally
than any other, and yet it is doubtless the least scientifically developed.
The fundamental object of mixing is essentially the same; viz, ''In all
cases, two or more materials existing either separately or in ah unevenly
mixed condition are, by mixing, to be put into such a condition that each
particle of any material lies as nearly adjacent as possible to a particle
of each of the other materials.''(16)

The variety of substances tc be mixed is infinite as are the con=-
ditions of mixing varied. As a consequence, there has been no standardiza-
tion in mixing technique or equipment and the art has remained empirical.
This is true of all types of mixing whether it be gases, liquids, solids or .
combinations of these,

The lack of fundamental principles in mixing is particularly notice-
able in the case of solid-solid mixing because of the scarcity of research
data on this type. Despite this, solid-solid mixing is utilized commercially
in mixing ammonium nitrate and aluminum powder, Bakelite plastic and asbestos,
and soy bean meal and resin, to mention a few of the more common ones. In
these cases, as in others, each industry has attempted to develop a mixer to
suit its particular needs, principally by the trial and error method.

The object of this investigation is to obtain data and evaluate
factors such as relative shape, size, and density of particles, speed of mix-
ing elements, feed rate, and proportions of feed mix in the operation of an

experimental screw type conveyor mixer.



II. REVIEW OF THE LITERATURE

A, History of Mixing

Early man first learned to mix in the period from prehistoriec
times to 500 B,C. when he mixed clays, sand, and mnd to block up chinks in
the stones in his cave. Later in this period the use of pottery and the
substitution of animal for manpower brought about the development of the
first mixing machines using rotary action. These introduced the rotary
sweep or paddle, and later mullers with large heavy wooden wheels to do the
mixing.

In the period following, from 500 B.C. to 1600 A,D,, no significant
advences in the art of mixing were made, However, the predecessor of today's
gear reducers was being used at this time,

The rotary paddle mixer was developed in the period from 1600 A.D.
to 1890 A.D. From an early crude type with one or more horizontal blades,
it developed into later forms with improvements such as: (1) substitution
of vertical blades for horizontal; (2) the combination of both with diagon=-
als to make so called gate mixers; (3) the placing of stationary fingers be-
tween the blades to promote turbulence; (4) the bending of the blades to fit
more closely the curved walls of containers; and (5) the ''angling'' of
blades to initiate currents at an angle to the path of the blades. The prin-
ciple of the screw in mixing was also being developed in this period.

Developments in the modern period from 1890 A,D, until the present
are comparatively insignificant. No major fundemental improvements have as

yet been made on any mixers in use before 1890, The only essentially new



developments in the past 45 years are:

1. The propeller mixer: These mixers furnish a compact means for
mixing in a wide variety of cases. They make use of high-speed propellers
of exactly the same type as are used in ship propulsion. The effect of such
variables as size of propeller with respect to the tank, pitch of the pro-
peller and r.p.m. of the propeller in the tank has never been worked out ex-
perimentally. As a result, no general rule can be given for the most effect-
ive method of utilizing such propellers, (1)

2, The turbine mixer for liquid mixing: The turbine mixer may be
most easily pictured as one or more centrifugal pumps working in a tank
against practically no back pressure, Material enters the impeller axially
through a central opening, is accelerated by the vanes and is discharged
tangentially at a relatively high velocity. The turbine mixer requires only
one-thirtieth that required by an outside circulating centrifugal pump de-
livering the same volume of liquid. Turbine mixers are especially useful
for mixing viscous liquids or heavy slurries, for suspending heavy solids,
for rapid dissolving, for good dispersions, and for mixing in irregularly
shaped containers.(le)

3., The colloid mill: MNost colloid mills are the same in principle
and are used where fine dispersions are required. The materials are fed in
the machine between a very rapidly revolving solid rotor and its casing,
which it clears by 0,001 inch or less. This rotor may or may not be grooved
and it is often conical in shape. Dispersion is accomplished by subjecting
the material to intense shear and centrifugal force. Before material can be
used in this mill, it mast be premixed and the coarser dispersion reduced.

Colloid mills have the advantage of giving continuous flow, but the disad-



vantage of a high first cost, high power requirements, low throughput, end
a heating effect on the material. On some types of work where the maximum
degree of dispersion is required, nothing else has replaced them.(ls)

4, The homogenizer: The homogenizer may be best described as a
positive high-pressure pump in which the pressure is released past a disk
or valve, This valve is held tightly pressed against the end of the dis-
charge pipe by spring tension., Best results have been obtained when two
such valves were used in series. The homogenizer is used for breaking up
the butter fat in ice-cream mixes, evaporated milk, and other food products,

and for the manufacture of emulsions.

B, Mixing Equipment in Use

The Chemical Engineers' Handbook(16) recommends the following
mixers for each of the different types of mixing operation encountered:
1, Mixing Gases with Gases: This is not generally con-
sidered a difficult operation and a mixer of the jet,
injector, profeller, or turbine type may be used,
2, Mixing Liquids with Liquids: The conditions met in
this type of mixing vary, but any one of the follow=-
ing has been found satisfactory, depending chiefly on
the viscosity of the liquids to be mixed; paddle mixer,
propeller mixer, turbine mixer, or a jet mixer,
3, Mixing Liquids and Gases: For mixing liquids and gases
a turbo-absorber, injector, scrubber, or bubble tower has

been found satisfactory.



follows:

4.

S.

All

1.

2e

Mixing Iiquids and Solids: A mixer must be chosen for
this case that will best mix the solid of highest grav-
ity. Paddle, propeller, turbine, arnd ball mill mixers
have been found suitable,

Mixing Solids and Solids: The problems met in mixing
solids with solids depend on relative shape, gravity,
and size of the particles. A tumbling barrel, reke
mixer, ribbon mixer, or ball mill are used for this type
mixing.

mixers may be grouped under five primary classifications as

Flow mixers: This type of mixer is used only in contin-
uous or circulating systems for the thorough mixing of
two miscible liquids. The liquids are pumped through the
mixer and mixing is accomplished by interference with the
flow,
Paddle or arm mixers: This type of mixer in its simplest
form consisés of a horizontal paddle in the bottom of &
tank driven by an upright post in the center. Improvements
such as '‘angling'' and bending of the blades and substi-
tution of vertical blades for horizontal have done much to
increase the efficiency of this mixer., Paddle mixers are
more widely used than any other type because -
(1) They are oldest, best known, and first to be thought
of.

(2) They can often be home made.
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(3) The first cost is usually low.
(4) They are entirely satisfactory on a wide variety

of work,
However, where stratification may occur, as in the sus-
pending of fairly heavy solids in light liquids or the
mixing of light pastes or liguids of considerable vis-
cosity, a paddle mixer is comparatively inefficient both
as to power consumed and as to quality of results,
Propeller or helical mixers: As previously stated, this
type mixer makes use of high-speed propellers of exactly
the same type as are used in ship propulsion., These mix-
ers, although widely used, have never realized their maxi-
mum efficiency because of a lack of experimental work on
them to evaluate the effect of the variable factors in-
volved in their use.
Turbine or centrifugel impeller mixers: This type of mixer
has also been previously discussed and its mixing action
explained.
Miscellaneous types: This classification includes any mixer
which utilizes a mixing action other than the four types
discussed, A few of the more common types in this group
are:

1. The colloid mill

2. The homogenizer

3« The ball mill

4, Rake Mixer



5. Paper beater
6, Mzxing rolls
7. Putty-chaser
Solid-solid mixers are classified in the above listing under
propeller or helical mixers and a discussion of the more common ones
follows.

Ribbon (Double Helical) Mixer: This is probably the most satis-

factory type for mixing powders and is used commercially to mix ammonium
nitrate and aluminum powder. The mixing element consists of two helical
ribbons, one a right-hand screw and the other a left-hand screw. These move
the materials back and forth in the mixer as well as vertically.(ls)

Continuous Solid Mixer: In 1919 Bates and Walker(2) obtained a

patent on a mixer for solids which consisted essentially of a horizontal
cylinder mounted on frietion wheels., The materials were fed in one end by
a screw conveyor. Mixing was accomplished by rotation of both the cylinder
and axial shaft, on which discs were mounted.

Triplex Dry Blender: This mixer consists of a rotating cylinder
with attached helical serew flights. Mixing is accomplished by rotation of
the cylinder and the action of the screw flights which are so arranged as to
divide the materials into thirds by geometric progression. Low power con-
sumption and thorough blending are the chief claims of the manufacturer for
this mixer.(5)

Rotating Pan Mixer: This machine has plow-like blades, mounted
with springs, which fit the bottom of the pan very closely, and stationary
serapers which help feed the blades and scrape the sides of the pan clean.

It is used for mixing pastes or plastics, such as putty, and for mixing dry



powdered solids, (16)
Dough Mixer: This type mixer is used tc handle thick or highly
doughy, gummy, plastic masses. It has one bent arm or two arms rotating
in opposite directions, usually at different speeds in a divided trough.(ls)
Ball Mill: The chief function of the ball mill is grinding, but
it is also used in many cases for simple mixing where no grinding is desired.
The materials must be of such consistency that the motion of the balls is
free since the action depends on this.(21)

Putty Chaser: This type of mixer is widely used for the manu-

facture of putty and other similar operations on plastic materials. It has
one or more large wheels rolling around in a pan, combining a kneading and
grinding action. The rollers are invariably heavy and have scrapers or
knives attached to and rotating with the rollers to deflect the material in-
to the path of the rolls,(16)

The Tumbling Barrel: This is one of the simplest, but one of the

most useful types of mixers. It consists of a barrel of any desired shape
mounted on a shaft and rotating with the shaft. The tumbling action produced
by rotation of the barrel thoroughly mixes the contents., It is extensively

used for mixing powders and for all concrete mixing.

C. A New Type Mixer

In 1939, a new type mixer, utilizing a helical conveyor as the
mixing element, was constructed at Virginia Polytechnic Institute by Luther
C. Peery, a graduate student in chemical engineering, under the direction

of Dr. F. C. Vilbrandt, Head of the Department of Chemical Engineering of



that institute. The conveyor, enclosed in a standard iron pipe, was of the
cut and folded type to give more intensive mixing action and retard the
rapid flow of materials through the mixer.

The apparatus consists of four separate units mounted over each
other to conserve floor space. These units are connected by chutes, pro-
vided with ports to facilitate sampling. The frame is of bolted angle iron
construction which allows easy removal of members when necessary.

Standard fittings with gaskets were used with the iron pipe casing.
The conveyor is tangent to the casing at the bottom which further retards
passage of the materials and increases mixing efficiency. The feed is intro-
duced to the mixer from two rectangular hoppers mounted above the top unit,
each hopper having a capacity of 2-1/2 cubic feet.

All units are driven by V-belts and V-pulleys from a single 2-H.p.
electric motor. The substitution of various size pulleys in this hook-up
enables the speed of the mixing units to be varied, if so desired, (17)

As a result of the experimentation which he did on the mixer, Peery
was able to make the following genersl statements:

'"'"Mixing efficiency varies as the length of the mixer and inverse-
ly with the r.p.m. of the mixing elements, feed rate, ratio of the relative
proportions of the materials, average particle diameter, and with the differ-
ence in specific gravity of the materials,'?

He further proposed the following equation involving these vari-
ables:

E=K %
N R Z dgyg, (p1 - Pa)




the per cent deviation from a heterogeneous mixture.

r.p.m. of mixing elements expressed as feet per hour
peripheral speed,

feed rate of the materials expressed as cubic feet per
hour,

the ratio of the material present in the smaller quan-
tity to the material present in the larger quantity
(volume %).

dayg, = average particle dismeter in feet,

P} and pg = respective densities of the materials express-

ed as pounds per cubic foot.

L = length of the mixer in feet.

K = experimental coefficient.

More terms may be added and modifications made when future in-

vestigations indicate the need for them. The effect of the shepe of the

particle, which is included in K, could prbbably be evaluated by further

study.

Peery further arrived at a number of conclusions and made certain

recommendations with regard to operating the mixer and these may be found in

the following table:

1.

2e

3.

4.

Se

The major portion of the mixing takes place in the first eight
feet of mixer length traveled by the materials,

The mixer is more efficient at a mixingelement velocity of
55 r.p.m. than at 67 or 83 r.p.m

The materials should be less than four mesh.

The relative proportions of materials fed into the mixer
affect the time required to approach a heterogeneous mixture.

The mixer is more efficient at low feed rates,

A certain amount of size reduction takes place in the mixer
when brittle materials are mixed,
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ITI. EXPERINMENTAL

A, Purpose of Study

The purpose of this study is to obtain data and evaluate factors
such as relative shape, size, and density of particles, speed of mixing
elements, feed rate, and proportions of feed mix in the operation of an

experimental screw type conveyor mixer.

B, Plan of Investigation

A, Mixing materials with similar densities - Chert and Copper Sulfate
I, To determine the effect of speed of elements on mixing

Holding constant: 1. Density of materials 25
2. Particle size (mesh) 50
3. Feed rate (cu.ft./hr.) 6
4, Feed proportions 90:10

Mixing with element speeds of - 35, 54, 72, 108, and 144 rpm.

II. To determine the effect of feed rate on mixing

Holding constant: 1. Density of materials 2¢9
2, Particle size (mesh) 50
3. Speed of elements (rpm) Item A-I
4, Feed proportions 90:10

Mixing with feed rates of - 3, 6, and 12 cu.ft./hr,

III. To determine the effect of feed proportions on mixing

Holding constant: 1. Density of materials 243
2. Particle size (mesh) 50
3, Feed rate (cu.ft./hr.) Item A-II
4, Speed of elements Item A-I

Mixing with feed proportions of - 50:50, 60:40, 75:25 and
90:10
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IV, To determine the effect of particle size on mixing

Holding constant: 1. Density of materials 243
2. Speed of elements Item A-I
3. Feed rate (cu.ft./nr.) Item A-II
4, Feed proportions Item A-III

Mixing with particle sizes of - 16, 20, 50, and Fines.,

B, Mixing materials with different densities - barytes, andalusite,
allanite, kyanite, and
barium chloride

I. To determine the effect of difference in density on mixing

Holding constant: 1. Speed of elements Item A-I
2. Particle size (mesh) Item A-IV
3, Feed rate (cu.ft./hr.) Item A~II
4, Feed proportions Item A-III

Mixing with densities of - 4,5 and 2,3, 3.7 and 2.3, 3,0 and
2.3, and 2.5 and 2,3

II. To determine the effect of different crystalline structure on

mixing

Holding constant: 1. Speed of elements Item A-I
2. Particle size Item A-II
3. Feed rate Item A-III
4, Feed proportions Item A-IV

Mixing materials of the following crystalline structures -
ortho and ortho, ortho and mono, hexa and isomet,
hexa and mono

C. Correlation and application of data to mixing equation.

Item: Variable factors indicated in this manner will be set after completion
of tests in designated section of plan of investigation.

The following is the more general plan followed in conducting the
investigation:

1. Overhaul the mixer and feed hoppers and make whatever adjust-

ments are necessary to operate the unit.
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2. Secure materials and additional equipment needed from proper
sources.,

3. Make preliminary tests with conveyor elements cut and folded.
Straighten folds of conveyor elements and make further tests
to determine more satisfactory condition of the two.

4, Test mixer by using several materials, sampling instantan-
eously at four sampling ports and analyzing materials so
collected, Vary the following: speed of mixer elements,
feed rate, proportions of feed mixture, particle size, shape,
and density.

5, Discuss and evaluate the effect of variable factors on re-

sults obtained.

C. Materials Used

A, TFor tests with materials of similar densities,

Copper Sulfate. -- Formula CuSQO4e5Hz0. This material, trade name

blue stone, was obtained from the Christiansburg Fuel and Supply Company,
Christiansburg, Virginia, at a cost of {0.,08 per pound. The material had
a specific gravity of 2.30, a triclinic erystalline structure, and showed

the following sieve analysis: (U, S, Standard Sieve Series)

Sample 100 grams Sheking time 3 min.
16 mesh 247 %
20 16.6
50 40.6
60 6.8
80 5.6
100 1.9
200 Se2
Fines 0.7
100.1
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The portion of this material used in experimental work and
classified as fines was 55.1 per cent + 100 mesh and 44,9 per cent - 100
mesh, The copper sulfate is readily soluble in hot or cold water,

Chert., -- This siliceous rock is an impure flint, occurring
chiefly in limestones. It has the general formula SiOp¢Hpy0 and tends to
have a triclinic fracture, It was obtained from deposits found approxi-
mately half a mile off Route No. 8 on the Mountain Lske Road near Newport,
Virginia, The material was crushed and sieved to obtain the desired parti-
cle sizes for experimentation purposes. The portion used in experimental
work and referred to as fines was 49.2 per cent + 100 mesh and 50.8 per
cent - 100 mesh when classified on U, S, Standard Sieve Series screens.
The chert was found to have an average specific gravity of 2.36,

Porcelain Grinding Balls. -- Thirty pounds of these balls were

obtained from the Ravenna Ceramics Corporation, Ravenna, Ohio, at a cost of
ten cents per pound. These ceramic spheres had a size range of 3/8-inch to

7/16-inch and a specific gravity of 2.42.

B, TFor tests with materials of different densities,

Barytes., -- This material has the general formula BaSOy, an ortho-
rhombic crystalline structure, and a specific gravity of 4.5. It was ob-
tained from Tazewell County, Virginia, in lump form and erushed to the de-
sired particle sizes for use in the tests,

Kyanite. -- The source of this material was the Burnsville, North
Carolina, plant of Mas-Celo Mines, Incorporated. Twenty-five pounds of
100 per cent - 48 mesh and 100 per cent + 80 mesh kyanite concentrate were

received from the company gratis for experimentation purposes. The kyanite
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has a triclinic structure and was found to have a specific gravity of 3.09.
Its formula is Al035i0z.

Barium Chloride., =~ The formula of this material is BaClz.2H30,

and it was purchased from Phipps and Bird, Incorporated, Richmond, Virginia,
at a cost of $0.57 per pound. It has a monoclinic crystalline structure
and a specific gravity of 3.,09. The salt was sized on U, S, Standard Sieve
Series screens and the desired particle sizes obtained.

Andalusite, =- Thirty pounds of this material were obtained free
of charge from the Champion Spark Plug Company, Ceramic Division, Detroit,
Michigen, The formula of the mineral is Aly03.5i0p and its crystalline
structure is orthorhombic., The specific gravity was found to be 3,09. The
andalusite as received was in lump form and, therefore, had to be crushed

and sieved to obtain the desired particle sizes.

D. Apparatus

Conveyor Mixer., -- The mixer, illustrated in Figure A on Page 17,

utilizes a four-inch helical conveyor enclosed in a five-inch standard iron
pipe (I) as the mixing element. The conveyor was of the cut and folded type
to give more intensive mixing action and retard the rapid flow of materials
through the mixer. The apparatus consists of four units (I) mounted over
each other to conserve floor space. These units are connected by chutes (4),
provided with ports (M) to facilitate sampling., The frame (G) is of bolted
angle iron construction which allows easy removal of members when necessary.
Standard fittings (F) with gaskets were used with the iron pipe casing. The

conveyor is tangent to the casing at the bottom which further retards passage
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of the materials and increases mixing efficiency.

Feed, -- The feed is introduced to the mixer from two rectangular
hoppers mounted above the top unit, each hopper having a capacity of 2-1/2
cubic feet. These hoppers have variable size discharge openings and any
desired feed rate may be obtained by trial.

Drive, -- All units are driven by V-belts and V-pulleys from a
single 2-H.p. electric motor (K). The substitution of various size pulleys
in this hook-up enables the speed of the mixing units to be varied.

Samplers. -- The long handled sampling cans were simply half cans
of slightly less diameter than the inside diameter of the mixer pipe. These
cans completely blocked passage of any material if lowered into the sampling
ports (M). Long handles were attached to the cans for holding them in place

when sampling.
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L, llethods of Procedure

Conditions During Run. -- The conditions for the feed and mixer

were set prior to any given run. These include: particle size, feed rate,
material densities and crystalline structures, feed proportions and speed

of mixer elements., The feed hoppers have variable size discharge openings
and any desired feed rate may be obtained by trial. A number of different
size pulleys allow a wide range of obtainable mixer element speeds. The re-
maining variables are properties of the materials themselves and are set by
proper choice according to conditions desired.

Sampling., -- ‘When these preparations were completed, instantaneous
samples were taken at the sampling vorts (1) and discharge opening (L) during
the run. The mixer was started by throwing switeh (H) and the feed intro-
duced at the feed opening (E). At given time intervals samples of 1 to 2
pounds of material were taken simultaneously at each sampling port with the
long handled sampling cans. These samples were labeled in the order in which
they were taken during the run. Sampling was continued until the material
passing a port was insufficient tc obtain 1 to 2 pounds of material in the
time required to obtain previous samples. Feed time and the time for the
material to pass through the mixer were recorded at the end of the run.

The total weight of samples and the weight of material collected at the dis-
charge port were taken and the difference in the sum of these two welghts and
the weight of the feed is the amount retained in the system.

Analysis of Samples. == In all the tests conducted one of the two

meterials being mixed was always water soluble. This, therefore, formed the

basis for sample analysis in determining the mixing efficiency. The labeled
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samples were then quartered twice and a 25-gram sample taken from each.
These samples were leached at least three times with 100 cc. of hot water
which was approximately six times the required amount of water, They were
then carefully decanted and dried in an atmospheric dryer for one hour at
200° ¥, The weight of dry materiasl divided by the weizht of sample gave
the per cent of insoluble material that was present in the sample.

Recovery of Copper Sulfate. =-- The copper sulfate present in the

remaining mixture was also leached and recovered by crystallization from an
evaporated solution. <The chert was sieved after every second or third run
to remove any fine meterial resulting from crushing occurring in the mixer.
This amount was small and additional chert wes added to make up the required

weight.

F, Preliminary Investigations

A, To determine the maximm size of material to be used in the mixer, and
the condition of the conveyor elements; whether cut or folded or
straightened.

One of the constructional features of the conveyor mixer is the
use of four-inch conveyor elements in five-inch pipe. While the flow back
of material resulting from this clearance is the principal source of mix-
ing action within the mixer, as illustrated in figure below, this clearance
is also the cause of the size reduction which takes place. The crushing

action is the result of the material's becoming wedged between the edge of

the element and the pipe wall as the element rotates,

Fige B Cross Section of Serew Conveyor Zlement



Peery(17) recormends that material size not exceed 4 mesh. One
-gquarter inch porcelain grinding balls which are slightly larger than
this size were available so tests were made using them, Four runs were
attempted at 35 rpm to observe the general operation of the mixer with the
following results:

Feed rates =-- 10 pounds used.

5 cu., ft./hr. lachine conmpletely stalled within
10 seconds after introduction of
feed,

3 cu, ft./hr. lachine stalled within 30 seconds

after introduction of feed.

1.5 eu. ft./hr, Machine stalled 10 times during
fseding, completely stalled after
approximately 3 minutes of opera-~
tion. o balls observed passing
from first to second unit.

1 cu. ft./hr. First ball required 10 to 12 min-
utes to travel completely through
four units of mixer.

In every case where the mixer completely stalled, it was necessary
to open the unit, remove the conveyor element, and clean out the balls be-
fore the unit would operate satisfactorily again., At least 20 per cent of
the total weight of balls present in the unit were found to be crushed,
which, in view of the hardness of the grinding balls, would indicate that

considerable force had been exerted on the material.

Variation in Particle Size. -- At ome cubic foot per hour, the

balls were not tumbled, but sinply conveyed along the bottom of the pipe.
This accounts for the fact that comparatively little crushing action took
place during this run. These tests indicate that the mixing action was at

a minimum at the low feed rate necessary to use four mesh material. There~
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fore, it was decided to abandon the use of materials larger than 16-mesh,
When chert of 16-mesh size was used as feed in the mixer, there was a com-
paratively slight amount of crushing action noticeable. In no case did
the mixer show any tendency to stall with feed rates as hich as 12 cubic
feet per hour.

Condition of Conveyor Elements. -- The cut and folded type ele-

ments subjected the materials to such intensive mixing action that all of
the mixing was taking place in the first unit, Further, the flow of the
material was retarded to such an extent that two to three minutes were re-
quired for the chert to traverse the first unit., Samples, taken during two
trial runs with 16-mesh chert, showed the same composition by weight at the
end of the first unit as those taken at the discharge opening. This indi-
cates that the maximum amount of mixing possible had taken place in the first
unit. The objection to this condition is the fact that the construction of
the units makes it impossible to sample along the length of each unit. As
a consequence, mixing curves taken from data obtained under these conditions
would show little of the mixing characteristics of the conveyor mixer.
Straightening these folds greatly decreased the mixing action in each unit
and at the same time increased the rate of flow of material through the
mixer. The effect of this was to spread the mixing action over a greater
length of the mixer and give a better picture of the operation of the unit.
8, To determine relative importance of a difference in the density of the
materisls when compared to a difference in the crystalline structure of
the materizls as to the effect on mixing.

Purpose of Tests. =- The original plan of investigation included

runs on materials of the same density, but of different crystalline structure,



and runs in whieh these two variables were reversed, 'hen these runs were
to be made, it was found that sufficient quantities of materials suitable
for the tests were not available., It was impossible, using the materials
on hand, to vary one factor without varying the other. Therefore, the pur-
pose of these tests was to determine which of these itwo variables has the
greater effect on mixing as shown by poorer efficiency or more irregular
data for one variable than the other.

Apparatus and Materials. -- A small cylinder, 3-1/2-inches in dia-

meter and 9 inches long, was fitted with twin baffles, 180 degrees apart,
This was used as & mixing chamber and rotated at a constant speed of 10 rpm.
The three materials used in the tests were kyanite, copper sulfate, and
barium chloride, Kyanite is the only one of the three that is not water
soluble. One hundred grems of each material, when shaken for three minutes
on United States Standard Sieve Series 60, 80 and 100 screens, gave the

following analysis:

Copper Sulfate: Percent lMesh Size
2l.2 + 60
24.7 + 80
9.1 + 100
44,9 fines
99.9
Kyanite: 16.4 + 60
28.5 + 80
5.8 : + 100
48.2 Fines
99,9
Barium Chloride: 21.9 + 60
2844 + 80
1¢.0 + 100
3049 Fines

(te)
w
.

a2



The materials were grouped in this order:

Ae Test with difference in crystalline structure as varieble.

liaterial Specific Gravity  Structure Weight Used
Kyanite 2.09 Triclinic 75 grams
Barium Chloride 3409 llonoclinic 25 grams

B, Test with difference in density as variable.

laterial Specific Gravity  Structure Heicht Used
Kyanite 5409 Triclinic 75 grams
Copper Sulfate 2.30 Triclinic 25 grams

Procedure. -- Both materials were placed in the cylinder in the
same order and position in each run., The cylinder was rotated and at the
times designated in the data samples were withdrawn, These were taken from
the same three positions each time; a sample from either end and one from
the ceater of the cylinder. ‘The three were placed together on a sheet of
paper with the least amount of agitation possible. The material was then
quartered and a sample consisting of approximately fifty per cent of the
total weight of three withdrawn. This was repeated six times for each run.
The six samples were then leached at least three times with 100 ce, of hot
water, carefully decanted, and dried in an oven at 160° I, for one hour.

The weigh?t of dry solid divided by the weight of the original sample gave
the per cent of ingoluble material present in the sample,

A graph, Ficzure C on page 25, was drawn to show the results of
the two runs. Time of rotation was plotted as the abscissa against per cent
deviation from a perfect heterogeneous mixture as the ordinate. The ordinate
values are simply the difference between the weight per cent of the insolu-
ble material present in each sample and the per cent present in the material

placed in the cylinder at the start of the run,
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t is evident from the graph that the curve for the run with a
difference in density as the variable is much the more irregular of the two,.
On this basis, tests made on the screw conveyor mixer with the available
materials were titled as studies of the effect of a difference in density
on mixing. This means that variations in mixing where both factors are
varied may be attributed more to the effect of the difference in density

than the difference in crystalline structure of the materials,

DATA
I. Affect of difference in crystalline structure on mixing.

Sample No. Weight quartered Sample Time Per cent Kyanite

ZmSe gms. sec,
1 13 585 30 75.86
2 12 5,55 60 75.86
3 15 5,55 120 75.32
4 13 5+55 210 76456
5 11 5495 330 75.67
6 13 5.55 510 72.86

II. Iffect of difference in density on mixing.

Sample o, Weight Quartered Sample Time Per cent Kyanite

oms ., SIS, sec,
1 15 5455 30 75,50
2 12 558 60 73.87
3 11 5 55 120 71 L7
4 11 5455 210 74,77
5 10 Do DO 330 74,77
6 10 958 510 78.92
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G. Experimental Data

The experimental data includes the test made to determine the
effect of each of the variable factors on mixing efficiency. The inform-
ation for each run made was recorded on an individual data sheet.

Iiffect of Speed of Mixer Elements on Mixing. -- The following

five tables (pages 27 to 32) show the results of the runs mede at 40, 56,
72, 108, and 144 rpm. All other factors were held constant and the

materials used in each run were chert and copper sulfate.



DATA SHEET FOR 3CREN CONVZY
Test No. I-1

Materials:

=

Qhert

[OR TYF?

MIXER

ve  2/19/42

Copper Sulfate

2

Density (1b./cu.ft.) 147.3

143.5

Particle Size (mesh) B 50

50

Feed Rate (cu.ft./hr.) 5444

0,60

Weisht Charged (1b.) 18

2

Percent Total Weicht . 90

10

RTI of Mixer Elcments _ 40

Avg. Time Between Samples_380 gee;.Retained in system 1.5

)

Apnroximate Time of Run _2 P.I,

SAMPLE ANALYST

S

Total Feed Rate_ 6,04 9u.ft./hr,

1b,

B !

Sample | Weight 1 2 Time| Sample |Weight L 2

No. gm. % % Min. No. am. % o
1:00 | A-1 25 86,5 | 13,5 2:00| B-1 25 | 81.7 | 18.3
1:30 - 25 87,3 [12.7 1 2:30 D 25 88,8 11.2

2:00 | -3 | 25 | 87.6 |12.4] 3:00

25

89.6

10.4

2:30 -4 25 7840 [2240f 3:30

29

89.2

10.8

AVE. 25 84,7 [15,3

25

86.1

13.9

Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
Iin, No. gm. . e Min, No. £l % B %
3:00 | c-1 25 86.4 |13.6/4:00 | -1 25 | 84.8 |15,2]
3:30 -2 25 89.2 110,811 4:30 -2 25 87,2 12.8
4:00 =3 25 86.5 115,51 5:00 =3 25 89.6 |[10.4

4:30 -4 25 82,2 116.,8] 5:30

25

89.2

10,8

-5

Ave. 25 87:2 112.8

Ave,

25

8747

12,3

Elapsed Feed Time - 1:21 mine. Elspsed Time of Run - §:10 min,

Average Deviation from a Hetercgeneous lixture

A- 5.3 % B- 3.9 % C- 2.8%

e e -

D=

2.3 %
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DATA SHEET FOR SCREW CONVEYOR TYFT MIXER

Test No. I-2 . Dute 2/20/42

Materials:
1 2

___ Chert Copper Sulfate

Density (1lb./cu.it.) ) 147.5 143.5

Particle Size (mesh) 50 50
Feed Rate (cu.ft./hr.) 5.44 0,60
Weicht Charged (1b.) 18 2

Percent Total Weight 90 , 10

RFM of Mixer Elcments 56 Total Feed Rate 6,04 ou.ft,/hr,

Avg., Time Between Samples 30 see;.Retained in system _1.25 _ 1b,

Aprroximate Time of Run 2 P.M,

SAMPLE ANALYSIS

Time | Sample [Weight 1 2 Time| Sample |Weight 1
7 e - - 7 ) = . p
Min,. No. gm, % o Min,. No. am. % %

0:30 A-1 25 8.4 [15.6 11:00 B-1 25 84,8 (15.2

1:00 -2 25 89,3 (10,7 |I1:30 =2 23 88.4 {11.6

, 1:30 -3 25 88.8 [11.2 |}|2:00 =D 25 89.3 |10,7
2:00 -4 25 83.3 (16,7 }|2:30 =4 23 83.6 (16.4

25 86.4 |13.6 Avg 25 37.5 |12.5

Time | Sample { Weight 1 ) Time| Sample | Weight 1 2
s ) . o o - 1. /
Min. No. gm. 7 o Min. No. £, % %

2:00 C-1 25 82.8 (17,2 ]13:00 D=1 25 87.2 [12.8

2:30 -2 25 88,4 |11.6{3:30 =8 25 89.3 |10.,7

3:00 =S 25 88.4 [11.6 [{4:00 w3 25 89.3 110.7

5:30 -4 25 89.5 [10.5 (14:30 -4 25 88.8 {11.2

Ave, 25 88,3 j11.7 Ave, 25 88.6 |11.4

Elapsed Feed Time -~ 1:21  min. Elopsed Time of Run - 4:435 min.

Average Deviation from a Hetercgeneous lixture

A~ 3.6 % B- 2.5 %  C- 1.7 % D- 1.4 %



Materials:

Density (1lb./cu.it.)
Particle

Feed Rate {cu.ft,/hr,)

AT A
Ui

s
olze

Weight Charged (

Percent Total Weight

(mesh)

SHEET SCRIW CONVEYOR TYPT MIXER

FOR

Dute

2/20/42

2

143.5

Copper Sulfate

50

0.6

0

2

1be)

10

RPM of Mixer Elements _ 72 Total Feed Rate 6,04 ou.ft,/hr.
Aveg, Time Between Samples__ 20 gec:.Retained in system _ 1,00 _  1b.
Approximate Time of Run 5 _P,I,

SAMPLE ANALYSIS

.
Time | Sample |Weight 1 2 Time| Sample | Weight 2
Min. No. gm. % % Min. No. gmn. % %
0:40 1 A-1 25 87.6 ]12.4 1 1:00 B-1 25 86.8 | 13.2
1:00 -2 25 86,0 114,01 1:20 -2 25 87.0 | 13,0
1:20| -3 25 |85.2 |14.8]|1:40 _3 25 | 86.8 |13.2
1:40 -4 25 82.8 |17.2} 2:00 . 25 86.8 |13.2
-5 -5
Avg, 25 85,4 '14.5 Aveg, 25 85,8 | 13.2
Time | Sample | Weight 1 2) Time] Sample | Weight 1 2
Min, No. em. % ; Min. No. e, 7 %
1:40| C-1 25 86,8 |13.21 2:20 D-1 25 86.4 | 13,0
2:00 -5 25 86.8 |13.2 || 2:40 -2 25 86.4 | 13.0
2:20 =3 25 86.8 |15.2 3:00 -3 25 36,8 | 13,2
2:40 -4 25 86,8 {13.2( 3:20 <A 25 87.6 | 12,4
- -5 -5
Ave, 25 86.8 113.2 Ave, 25 86.8 | 13.2

Elapsed Feed Time -

e R

4-

Aversge

6 %

_1:21 mine.

Deviation from a Heterocgeneous llixture

B~ B2 Yo C- 32 % De O

2

Elnpsed Time of Run - _3:30 min.
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\ SHEET FOR SCREN CONVEYOR TYFPF MIXER

-
=
b

U2

Test o, 14 Pt 2/23/42

Materials:

=

2

____ Chert Copper Sulfate

Density (1lb./cu.it.) 147 .3 143.5

Psrticle Size (mesh) 50 50
Feed Rate (cu.ft./hr.) 5.44 ©0.60
Weirht Charged (1b.) o 18 Py

Percent Total Weight 90 10

RFl of Mixer Elcments _ 108 Total Feed Rate 6.04 au,ft,/hr,

Ave, Time Between Samples_ 20 gec..Retained in system 1.00  1b,

-

Approximate Time of Run 2 P,M.

SAMPLE ANALYSIS

—
Time | Sample |Weight 1 2 Timel Sample | Weight 1 2
hTS Y N~ - . . ’T A Y
Min. No. em, % % Min. No. em. % %

0:20 ] A-1 25 85,2 |14.8] 0:40 B-1 25 85,56 |14 .4

0:40 -2 29 87,2 (12.81]11:00 -2 25 86,8 113.8

1:00| -5 25 | 8844 [11.611:20 -3 | 25 87.2 |12.8

1:20 =i 25 86.4 [13.6 ] 1:40 ~4 25 88,0 | 12,0

AV 23 86.8 [13.2 Ave, 25 86,9 | 13.1

Time | Sample | Weight 1 2 Time] Sample | Weight 1 -2
R J - o il . 7
Hin, No,. £l yi o Min, No. £l ‘73 %

1:00] C-1 25 86,0 [14.01 1:20 Dl 25 85.6 | 14 .4

1:20 =2 25 86,8 [13.2(l 1:40 -2 25 86.8 | 13.2

1:40 =5 25 88,4 11,6} 2:00 -3 2 88.0 |

5
5.00l -4 o5 | 7.6 |12.4( 2:20 4 25 88.4 | 11.6

. -5 -5
Ave., 25 87.1 112.9 Ave. 25 87.2 | 12.8
Elapsed Feed Time - __1:21 min. Elnpsed Time of Run - _2:30 min,

Aversge Deviation from a Hetercgeneous liixture

A-_B.2% . B-__Bl%  C-_29%  D-_28%



ONVZYCR TYPT MIXER

Test No. __I-5 _ Duve 2/24/42

Materials:

i 2
__ Chert _Copper Sulfate
Density (1b./cu.it.) 147.3 14%.5
Particle Size {(mesh) 50 50
Feed Rate {cu.ft./hr,) 5.44 ' 0.60
Weight Charged {1b.) ) 18 P
Percent Total Weizht _ 90 10
REL of Mixer Elecments _144 Total Feed Rate 6.04 ou.ft./hr.
Avg, Time Between Samples_gQ pec¢..Retained in system 0,50 _ lb.
Approximate Time of Run 2 P,M.
SAMPLE ANALYSIS
1
Sample | Weight 1 2 Tinmel Sample | Weight 1 2
No. em. % %ol Min.  No. am, % o
0:20 A1 25 88,0 {12,0] 0:40 B-1 25 88.8 1 11.2
0:40 - 25 89,2 110.8} 1:00 oy 25 89.6 | 10.4
1:00| -3 25 | 88.8 !1l1.2{| 1:20 3 25 89.2 | 10.8
1:20 o 25 87.2 | 12.8}] 1:40 -4 25 86,8 13.2
=5 )
AVE. 25 88,3 | 11,7 Ave, 25 88.6 | 11.4
Time mple | Weight 1 Time| Sample | Weight 1 )
Min, | No. em. % % |l Min.  No. gm. % %
1:00 C-1 25 87.2 | 12.81] 1:20 D=1 25 88.8 | 11.2
1:20 -2 25 89.6 | 10.41] 1:40 =, 25 90,0} 10,0
1:40] -5 25 | 89.2 |10.8}| 2:00} -2 25 89.5 | 10.4
2:00 -4 25 89.6 | 10,4} 2:20 -4 25 88.8} 11.2
-5 =5
Ave, 25 88,9 i 11l.1 Avg. 25 89.31 10,7
()
Elapsed Feed Time - __ 1:21 min. Elspsed Time of Run - _2:20 min,

Average Deviation from a Hetercgeneous lixture

A- 1.7 h B 1.4 % - 1.1 % D- 0.7 %

[ —. e e P s b o s B
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Effect of Feed Rate on Mixing. -- The following six tables

(pages 33 to 39) show the results of the runs made with feed rates of 2,
6, and 12 cubic feet per hour at mixer element speeds of 56 and 108 rpm.
A11 other factors were constant and the materials used in each run were

chert and copper sulfeate,



Test No,  II-1 Dute 2/28/42
Material
1 2
___Chert Copper Sulfate
Density (1b./cu.it.) 147.3 143.5
Particle Size (mesh) 50 50
Feed Rate (cu.ft,./hr.) 2,96  0.34
Weight Charged (1lb.) 18 2
Percent Totel Weight 90 10
RFM of Mixer Elecments _ 108 Total Feed Rate 3,40 ou.ft./hr.
Avg, Time Between Samples_30Q pecs.Retained in system 1.50 _ 1lb.
Approximate Time of Run 2 P,M,
SAMPLE ANALYSIS
Time | Sample |Weight 1 2 Time| Sample |Weight 1
Min. No. gm. % % Il Min. No. gm. % A
0:30 | A-1 25 |86.8 [13.2]1:00 B-1 25 86,0 |14.0
1:00 -3 25 89.2 [10.8]11:30 =P 25 90.0 }10.0
1:30 =3 25 88,8 (11.2 }j2:00 -3 25 89.6 |10.4
2:00 ~4 25 89,2 |10.8 (] 2:30 -4 25 88.8 {11.2
-t) _5
Avg, 25 88,5 [11.5 Avg, 25 88,6 |1l.4
Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
_}ﬁn, No, gm. % o Min, No. £Me % %
| 1:30 1 C-1 25 88,4 |11.6 ] 2:00 D=1 25 86.4 115.6
2:00 -2 25 86.4 13,6 2:30 =9 25 89.6 |10.4
2:30 1 -8 o5 | 89,6 |10.4 || 2:00 _3 25 gs.8 |11.2
3:00 -4 25 89.6 110.4 | 3:30 -4 25 88.8 | 11.2
- %3 -5
Avg., 25 88.5 211.5 Avg. 25 88.4 | 11.6
Elapsed Feed Time - _ 2:20 min, Elnapsed Time of Run - 4:00 min,

Average Deviation from a Hetercgeneous lliixture

A- 1,5 % B- 1.4 % C- 1.8 % D- 1.6 %




Test No. __ II-2 _ Dute 2/23/42

Materials:
i 2
o Chert Copper Sulfate

Density (1b./cu.it.) o 147.3 143.5

Particle size (mesh) 50 50
Feed Rate (cu.ft./hr.) 2.96 0,3
Weisght Charged (1b.) 18 2

Percent Totel Weicht 90 10

RPM of Mixer Elements _ _56 Total Feed Rate 3,40 su.ft,

Avg, Time Between Samples 45 gec:.Retained in system 1,50

Appreximate Time of Run 5 FP.I,

SAMPLE ANALYSIS

/hr,

1b.,

T

Time | Sample | Weight 1 2 Tinel Sample |Weight 1
"ra N . v o s T 4
Mine No. gm, % To Min, No. am, %

0:45] A-1 25 83,6 |16.,4) 1:30 B~1 25 83.6

1:30 -2 S 90,3 | 9.7] 2:15 -2 25 90.4

ay)

2:15| -3 25 | 88.4 |11.6)13:00| -3 25 | ss.8]11.2
5:00] -4 25| 87.2 |12.8]3:45| -4 25 | se.8|11.2

Avg., 25 B7.3 | 127 Avg, 25 87.7

Time | Sample | Weight 1 2 Time] Sample |Weight 1
Min, No, £m. o Iin, No. gn. %

N

2:15| C-1 25 | 83,6 |16.4]| 3:00| D-1 25 82.8

17.2

3:00 -2 25 90,4 9.6 3:45 -2 25 90.4

9.6

3:45 =5 25 88,8 | 11,2} 4:20 -3 £5 89.6

10.4

4:30 = 29 88,8 1 11.2]] 5:15 =4 25 83,8

11.2

-5 -5

Ave, 25 87.9 | 12.1 Ave, 25 87.9

12,1

Elapsed Feed Time - 2:20 nin, Elsnsed Time of Run - 9:15

Average Deviation from a Hetercgeneous Mixture

A- 2.7 % B- 2.3%  C-__2.1% D~ 2+1 %

min,
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DATA SHEET FOR SCREW CONVZYCR TYFI MIXER

Test No. ___ II-3 Dt 3/2/42
Materials:
1 e
____ Chert Copper Sulfate
Density (1b./cu.it.) 147.3 143.5
Particle size (mesh) 50 50
Feed Rate {cu.ft./hr.) 10,87 © o 1.21
Weipht Charged (1lb.) i 18 ) 2
Percent Total Weight 90 10
RPI of Mixer Elcments _ 96 Total Feed Rate 12.08 au,ft, /hr,

Avg, Time Between Samples_ 20 ge¢:.Retained in system 1,50 _ 1b.

Apnroximate Time of Run _2 P,M,

SAMPLE ANALYSIS

Weight 1 2 Time] Sauple | Weight 1 2
em. % % || Min.  No. am. % o
0:40 | A-1 25 89,6 [l0.4 {11:20 B~1 25 89.6 |[1l0.4
1:00 -2 25 90.4 | 9.6 |} 1:40 -2 25 90,0 }10.0
1:20 | -3 25 |87.6 |12.4 || 2:00 _3 25 |88.0 |12.0
1:40 -4 25 87.2 {12.81{ 2:20 -4 25 83,0 |[12.0
-5 -0
Ave. 25 88.7 (11.3 Ave. 25 88,9 |11.1
Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
Min.| No. em. % % || Min.| o gm. % %
2:00 | C-1 25 |90.0 [10.0 |/ 2:40 D-1 25 190.4 | 9.6
2:20 =2 25 89.2 [10.8{3:00 -9 25 90.0 110.0
2:40 -5 25 90.4 | 9.6,{3:20 -3 25 89.6 210.4
3:00 -4 29 89.6 |10.4 || 3:40 -4 29 89.6 10.4
- -5 -5
Ave., 25 89.8 j10.2 Avg, 25 89,9 1041
Elapsed Feed Time -~ _ 0:40 min, Elnpsed Time of Run - 3:40 min.

Average Deviation from a Hetercgeneous Mixture

A- 1.3 % B- 1.1 % Cc- 0.2% D- 0.1 %
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DATA SHEET FOR 3CREW CONVEYCR TYFT MIXER

Test No, __ II-4 _ Date 3/3/42
Materials:
X 2
Chert Copper Sulfate
Density (1b./cu.it.) 147,53 ‘ 143,5
Particle Size (mesh) 50 50
Feed Rate (cu.ft./hr.) 10.87 ‘ 1.21
Weight Charged (1b.) o 13 2
Percent Totel ! Weicht 90 10
RPI of Mixer Elcments _ 108 Total Feed Rate 12,08 ou.ft./hr.
Avg, Time Between Samples 20 pec:.Retained in system 1,25 __ 1b,
Approximate Time of Run 2 P, M,
SAMPLE ANALYSIS
Time | Sample |Weight s 2 Time| Sample | Weight 1 2
Min. No. em. % % Min, No. gm, % %
0:20 A-1 25 88,8 [11.2 |{0:40 B-1 25 89 .6 10.4
 0:40 -2 25 90.0 (10.0 [j1:00 -2 20 90,0 110,0
1:00 -3 25 90,0 l0.0_*}:EO -3 25 90.4 9.6
1:20 4 25 89.2 [10.8 [}1:40 =4 25 90.0 10,0
- "5
Avg. 25 89.5 1(10.5 Ave, 25 90,0 110.0
Time | Sample |Weight L 2 Time| Sample |Weight i 2
1Min. No. om. % o ey No. £n. % %
| 1:00 C-1 29 89.2 ]10.8 ]|1:20 D=1 25 39.6 10.4
1:20 -2 25 90,0 10,0 {]1:40 -2 25 90.0 10.0
1:40 -3 25 90.0 (10,0 }j2:00 3 25 90.4 | 9.5
2:00 -4 20 90.8 | 9.2 ||2:20 -4 25 90,0 (10,0
- -5 -5
Ave. 25 90.0 gl0.0 Avp, 25 90.0 }10.0
Elapsed Feed Time - __0:40 min. Elnpsed Time of Run - _2:30 min.

Average Deviation from a Heterogeneous Mixture

A- 0.5 % B- 0.0 % C~ 0.0 % D- 0.0 %




DATA SHEET FOR SCREW

II-5

Test No.

Materials:

Density (1lb./cu.ft.)
grticle Size (mesh)
Feed Rate (cu.ft./hr,.)
Weight Charged {1b.)

Percent Total Weight

REI of Mixer Elcmentg

—.96

Z
s 5
<

7

R

JIXER

ONVEYCR TYI
Brat 2/20/42
L 2
. Lhert __Copper Sulfate
1478 143.5
50 50
S.44 0,60
18 . 2

90

Total Feed Rate 6,04 su.ft, /hr.

Avg, Time Between Samples_30 pec;.Retained in system 1.25  1b,

Apnroximate Time of Run 2 P,M.

SAMPLE ANALYSIS

: B

PPN : : ,

Time | Sample | Weight 1 2 Timel Sample |Weight 1 2
N - = e ok . T 7 o7

Min, No. gm. %o fid Min. No., gm. % 7o

T
i
Av)
&)

15.6

1:00

B~1

H
@)
o
4
o
v}
92

10.7

1:30

1:30 | -8 25 183.8 [11.2 |2:00 3| 25 |89.3 |10.7
2:00 | -4 25 183,53 16,7 ]|2:50 | 4 25 |83.6 |16.4

Avg., 25 86,4 [13.6 Ave, 25 87.5 12.5

Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
< - - )

Min, No. gm. v Min. No. gm. % %

2:00

3:00

@
~J
.

V]

2.8

2:30 =2 295 88,4 11,6 {3:30 -2 25 89,3 10.7
5:00 -5 25 88.4 (11,0 [14:00 =3 25 89.3 10.7

i

3230

4 :30

(68}

11.2

&
.

-5 -5
Ave, 25 83,3 111.7 Avg. 25 88.6 11.4
4
Elapsed Feed Time - __ 1:21 min, Elnpsed Time of Run - 4:45 min,
Average Deviation from a Heterocgeneous lixture
L 3.6 % Be 2.5 % D 1.7 % D= 1.4 %
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] CONVEYCR TYFF WMIXER

2
e
(=]
3>
T
U
£
r
~+
4
|
o
(@)
S8
25
Q
>e]
&

Test lNo. 1I-5 . Dute 2/23/42

C

Materials:

—

2
_Chert Copper Sulfate

Density (1b./cu.tt.) 147,53 143.5

srticle Size (mesh) 30 50

Feed Rate (cu.ft./hr.) 5,44 0.60
Weirht Chareed (1b.) 18 2
Percent Total Weizht 90 10

RPU of Mixer Elecments _ 108 Total Feed Rate 6,04 ou.ft,/hr,

Avg, Time Between Samples_ 20 pgec:.Retained in system 1,00 _ 1b.

Approximate Time of Run _2 P,I

SAMPLE ANALYSIS

Time | Sample |[Weight 1 2 Time| Sample | Weight 1 2
g T~ ol . 7 ~7
Min. No. em. % || ¥in, No. am. % %

0:20 | A-1 25 |35.2 |14.8]10:40 | B-1 25 185,6 |li.4
0:40] -3 25 [ 87.2 |12.81{1:00 =l 13.2

Ay}
Ui
194]
C
L]

@®

o
(&3]
oy}
3
.

o

1:00| -3 25 |88.4 |11.6|l1:20 -3 12.8

IAV]
(@)}
[os]
o8]
.

[

1:20 — 25 86.4 |15.6 (] 1:40 -4 12.0

Avg, 25 86.8 113.2 Ave, 25 86.9 15,1

Time | Sample | Weight 1 2 Time] Sample | Weight 1 2
" o o . . 7
Min, No. gm. T Min, No. £, % %

1:20 D-1 25 85.6 14 .4

1Ay
(9]
Q
(o2}
B

(@}
}_J
S
.

o

1:00 C-1

fav]
Ut
@
(o)
@
H
=
L]
o

. 1:20 -2 1:40 -2 25 86,8 13.2

1:40 -5 2:00 -3 25 88.0 12.0

Do
(&)
[04]
0
.

S
',_-I
}_l
.

V]

9]

@

ES |

.

(0})

}_l

fas]

*

B ojoy

2:00 =4 2:20 -4 25 88.4 11.6

-5 =®

Ave, 25 87.1 112.9 Avg . 25 87.2 12.8

Elapsed Feed Time - __1:21 min. Elapsed Time of Run - _2:30 min.

Average Deviation from a Hetercgeneous lixture

A= 3.2%  B-__3.1% C- _2.9 % D- 2.8 %



Effect of Feed Proportions on Mixing. =- The following eight

tables (pages 40 to 48) show the results of the runs made with feed
proportions of 50-50, 60-40, 75-25, and 90-1C by weight at mixer element
speeds of 56 and 108 rpm. All other factors were held constant and the

materials used in each run were chert and copper sulfate.



DATA S
Test No. ___ III-1

Materiale:

Density (1b./cu.v

HEET FOR 3CREW CONVZEYCR

ta)

=

__ Chert

TYFI WMIXER

Copper Sulfate

147,35

143,5

o0

Particle Size {(mesh)

Feed Rate (cu.ft./hr.)

Weirht Charged (1b,)

Percent Total Weight

RYM of Mixer Elcments

.56

S.11

10

50

20

Total Feed Rate

Approximate Time of Run 2 P.M,

SAMPLE ANALYSIS

. Time Between Samples 30 gsc;.Retained in system 1.00

6.22 ou.ft./hr.

1ib.

Bl
Time | Sample | Weight 1 2 Time| Sample |Weight & 2
Min. No. gm, % T Min. Ro. am, 7 A
0:30 A-1 25 6l.4 pP8.6 {11:30 B-1 25 59.6 40.4
1:00 -2 20 59.4 40.6q+§:00 -2 25 55.6 44,4
1:3 =3 25 52.4 B7.6 112:30 -3 29 5l.2 |48.8
2:00 -4 25 49,6 P04 [13:00 -4 25 50..0 50.0
-0 =5

AVg. 25 55.9 @4.1 Ave, 25 54,1 [45.9
Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
Min.| No. em. % % I wmin.  Ho. gm. % %
2:00 C-1 25 58,8 Kl.2 ][2:30 D-1 25 55, 44,

i
(&)
.
O | |

7
2:80 | -2 25 |54.0 16,0 ||3:00 -2 25 46.9 |
3:00 | -5 25 51,6 18.4 [3:30 -3 25 |s1.0 l49.0
3:30 | -4 25 150.0 [50.0 {4:00 4 25 [50.0 ]50.0

Avg. 25

52.4

47.6

Elapsed Feed Time - _

_1:19

mine

Elapsed Time

of Run - 4:30 min.

Average Deviation from a Hetercgeneous lMixture
A= 5.9 % B- 4.1 % G 3.6 % D- 2.4 %
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DATA SHEET FOR SCREW CONVEYCR TYFI MIXER

Test No. III-2 Drte 3/5/42
Materials:
1 2
__ Chert _Copper_sulfate
- 147.3 143.5

Density (1lb./cu.ft.)

>article Size (mesh) 50 50
Feed Rute (cu.ft./hr.) 5.11 3.1
Weight Charged (1b,) ) 10 10
Percent Totel Weigsht o0 o0
RPM of Mixer Elecments _ 108 Total Feed Rate 6.22 ou.ft,/hr.

Avg. Time Between Samples 20 @ec:.Retained in system 1,00 _ 1b.

Approximate Time of Run S P.i,

SAMPLE ANALYSIS

T

Time | Sample [Weight 1 2 Tire] Sample |Weight 1 2
o P i . ~ , o
Min, No., gnm. % % Min. No., am. % %o

0:20 A-1 25 52.4 [47.6] 0:40 B-1 25 53.6 |[46.4

| 0:40{ -2 25 48,0 |52,0]1:00 -2 25 | 50.4 |49.6
 1:00| -3 25 | 48.4 |51.6/1:20 -3 25 |48.4 |51.6

1:20 ~4 25 54.4 |45.6111:40 -4 25 50.0 |50.0

Avg. 25 | 50.8 |49.2 Ave, 25 |50.6 |49.4

Time | Sample | Weight I 2 Time| Sample | Weight 1 2
Min. No. gm. Jo 70 Min. No. gm. % %

 1:00] C-1 25 50.0 (50,04 1:20 D-1 20 52,8 147.2

1:20 -2 25 48,8 |51.24 1:40 -2 25 48,8 |51l.2

1:40 =3 29 50.8 |49.21i 2:00 ) 25 20,0 20,0

2:00 -4 20 5l.2 148.8] 2:20 -4 25 48,4 | 51,6

-5 =5

Ave, 25 | 50.2 |49.83 Avp, 25 50.0 |]30.0
Elapsed Feed Time - __1:19  min. Elopsed Time of Run - 2:40 min.

Average Deviation from a Hetercgeneous liixture

A '

A= 0.8 % B- 0.6 % C- 0.2 % D- 0,0 %



DATA SHEET FOR

ITI-3

Test No.,

Materials:

Density (lb./cu.ft.)
Particle Size (mesh)
Feed Rate {(cu.ft./hr.)
Weirht Chareed (1lb.)

Percent Total Weight

RFI of Mixer Elcments _ 108

Ave, Time Between Samples
£ I

e s

)

w 49 =

T N

CREW CONVEYOR TYFI MIXER

b 3/9/42

98

L 2
_____Chert Copper Sulfate
147.3 143,5

20 50
3,68 2,45
— 12 8

40

B Total Feed Rate 6.13 au,ft, /hr.
20 pec¢..Retained in system _ 0,75 _ b,

Approximate Time of Run 2 P.M,
SAMPLE ANALYSIS
Time | Sample |Weight 1 2 Tinel Sample | Weight 1 2
Mine No. gm, % % Min, No. am, % %
0:20 A-1 25 60,0 [40,0 | 0:40 B-1 25 60.3 |39.2
0:40 -2 25 60,0 (40,0} 1:00 -3 25 59.6 (40.4
1:00] -3 25 | 59.2 [40.8]1:20 -3 25 |59.2 [40.8
1:20 = 25 58.8 (41.2{] 1:40 -4 25 58,8 |41.2
-0 =H
Avg., 25 59.5 {40.5 Avg, 25 59.6 40.4
Time 1 Time| Sample | Weight 1 2
Min. % o || Min.  Wo. e % %
| 1:00] c-1 25 | &l.2 |38.8{1:20 | D-1 25 |61.6 |38.4
1:20 -5 25 59.2 140.8{ 1:40 =5 25 59.6 (40.4
1:40 =0 29 59,2 (40,81 2:00 -3 25 99.2 140.8
2:00 =4 25 59.6 (40,4 2:20 -4 25 59,6 |40.4
. -5 =5 |
Ave. 25 | 59.8 {40.2 Ave. 25 |60.0 ]40,0
Elapsed Feed Time - __1:20 min, Elspsed Time of Run - _2:40 min.

Average Deviation

0.5 % B- 0.4

from

Yo

a Hetercgeneous lixture

G 0.2 % D-

0.0 %
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DATA SHEET FOR SCREW CONVEYCR TYPE MIXER

Test No,  I1I-4 Date 3/10/42
Materials:
1 P
____ Chert Copper Sulfate
Density (1lb./cu.ft.) 147.3 ’ 143.5
Particle Size (mesh) 50 - 50
Feed Rate (cu.ft./hr.) 3,68 2445
Weirht Charged (1b.) 12 8
Percent Total Weizht 60 40
RFPl of Mixer Elcments _ _56__ Total Feed Rate 6,13 ou.ft,/hr,
Avg, Time Between Samples_ 20 pec:.Retained in system_ 1.00 __ 1b.
Approximate Time of Run 2 P.M,
SAMPLE ANALYSIS
Time | Sample {Weight o4 2 Tine] Sample | Weight 1 2
Min. No. gm. % % Min. No. gm. % %
0:40 A-1 25 59,2 [40.8111:20 B-1 25 50.4 59,6
1:00 -2 25 56.4 [43.6 {]1:40 =2 25' 57 .6 42.4
. 1:20 -3 25 57.6_142.4 |12:00 -3 20 57.06 42.4%
1:40 -4 25 58.0 142.0112:20 -4 25 57 4.2 42.8
-) __5
Avg. 25 57.8 [42.2 Avg, 25 58.3 (41.7
Time | Sample |Weight 1 ] Time| Sample |Weight 1 2
Min, No. gm. % % Min, No. gm. % %
2:00 C-1 25 6l.2 |38.81[2:40 D-1 25 62,0 38,0
2:20 -3 25 57.2 142,811 5:00 -2 25 57.6 42.4
2:40 -3 25 57.2 |42.813:20 -3 20 D72 42.8
3:00 -4 29 58,0 42,0 3:40 -~ 25 57.6 12.4
-5 =
Ave., 22 58,4 141,56 Ave, 25 58.6 41.4
! et
Elapsed Feed Time - __1:20 min, Elspsed Time of Run - 4300 min.

Average Deviation from a Hetercgeneous lixture

A

A- 2.2 % B- 1.7 % C- 1.6 % D- 1.4 %
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DATA SHEET FOR SCREW CONVZYOR TYFE MIXER

3
(6]
62}
ot

No. III-5

Materials:

Date 3/11/42

1 2
Chert Copper Sulfate

Density (1lb./cu.it.) o 147.3 143.5

Particle 3ize (mesh) 50 50

Feed Rute (cu.ft./hr.) 4,60 - 1,53

Weight Charged (1b,) ) 15 5

Percent Total Weight 75 25
RPM of Mixer Elcments _ 56_ Total Feed Rate 6,13 2u.ft./hr,
Avg. Time Between Samples 20 pec:.Retained in system 1,00 __ 1lb,

Apnroximate Time of Run 2 P.H.

SAMPLE ANATYSIS

T

Iime | Sample | Weight

1 2]
1 N~ . ol
Lille NO,o gm, o 70

1

i

Time| Sanple |Weight 1 2 |
Min, No. am, % %

0:4& A-1 25 63,0 P2.0

1:20 B-1 25 69.6 |30.4

_1:00 -2 8.1,  R7.9

(]
1

1:40 =2 29 72.8 127.2

1:20 -3

V]
i

204 27,6 |

12:00 -3

1:40 -4

A}
(@3]

72.4 [27.6

2
820 -4 25

Time | Sample |Weight 1 2 Time| Sample |Weight 1 2
.f Ti Noe }J{) a Em 7 db u I\,Ej_ Ns IIO - gm ° % %

.00 C=-1

A}
1

71.0 128.4

2:40 D~-1 25 73,4  126,6

o8 -2 25 75.2_ 126,8 113:00 -2 25 74.2 29.8
2:40 ~3 25 74,0 [26.0 j|3:20 = 25 74 .4 25.6

3:00 -4 25 74 4

o}

O

AV]

3:40 -4 25 94,0 126.0

-5

3
[y}
o

[$)]

Ave, 25 2647

Ave, 20 74,0 }26.0

o

Elapsed Feed Time - __ 1:20 min,

Elnopsed Time of Run - 4:00 nin.

Aversage Deviation from a Heterogeneous Mixture

A~ _ 3.5 5% B- __2.5%

C- 1.7 % D~ 1.0 %



DATA
Test No. III-6

Materials:

Density (1lb./cu.it.)

SHEET FOR SCREW CONVZYCR TYEE

5/14 /42

2

Copper Sulfate

143.5

Particle Size (mesh)

Feed Rate (cu.ft./hr.)
Weight Chareed (1b.)

Percent Total Weight

1.53

3]

25

RPI of Mixer Elcments _ 108

Apnroximate Time of Run 2 P,k

SAMPLE ANALYSIS

"
“i-’

1:00 | -3 25

6
74,0 |26,

1:20

25

Weight I8 2 Timel Sample |Weight 1 &

em, % % ¥in, No. gm, % %

0:20 A-1 25 73.2 (26,8 {10:40 B-1 25 7346 20 .4

0:40 -2 25 73,2 126.8 11:00 -2 25 74.8 20 .8
0

74.0 |26.0

1:20 =4 25 72.8 ]27.2 {]1:40 -4 25 73.6 |26.4
-0 =5

Avg, 25 73.5 126.7 Avg, 25 74,0 126.0

Time | Sample | Weight 1 Q Time] Sample | Weight 1 2

Min,| No. gm. % % |l Min,}  No. gm. % %

1:00 C-1 25 73.4 26,6 ]11:20 D-1 25 74.4 125.6

1:20 -2 25 74,4 125, 1:40 ~2 23 74.8 123.2

1:40 -5 25

~3
N
.

2:00

2:00 -4 25

~3
>
.
(@2 N |
o
(o]
.

2:20

74.1 125,9

Avg.

74.2 |25.8

_1:20 min.

Elansed Time

of Run - 2:30 min,

Deviation from a Heterogeneous llixture

B- 1.0 %

o

(o=

0.9

T

D= 0.8 %




DATA SHEET FOR SCRIW

g ; T T
Test No.

_II1I-7

Materials:

Density (1lb./cu.it.)

Particle Hize

Feed Rate (cu.ft./hr.)

Weirht Charged {(1b,)

(mesh)

- 46 -

CONVEYCR

WAL

=

147.3

__.Chert

50

5.44

Percent Totsl Weight 0

RPM of Mixer Elcments __

26

Total Feed Rate _6.04 au.ft,/hr,

Avg. Time Between Samples_ 30 gec:.Retained in system 1.85  1b.
Approximate Time of Run 2 P.i,
SAMPLE ANALYSIS
— .
Time | Sample |Weight 1 2 Tire] Sample | Weight 2
M 1 Nc m A o Mi No 7,
Mille VO o gm, /o e MiNe NO. £m, yiel /0

A-1 25

84.4

1:00

25

15.2

25

89.2

1:30 o

25

11.6

1:30 | -3 25 |88.8 |11.2ll2:00 ! 3 25 | 89.3 110.7
2:00| -4 25 | 83.3 [16.7[/2:30 | 4 25 | 83.6 |16.4

Avg. 25 86.4 [13.6 Ave, 25 87.5 | 12.5
Time | Sample | Weight 1 2) Time] Sample | Weight 1 2
Min, No., gm. Jo Jo Min. Ho. gm. % %

2:00] C-1 25

82.8

17.21 3:00

87.2 |

¢

2:30 i 25 88.4 1l.6} 3:30 -2 25 89.3 | 10.7
3:00 =3 25 88,4 |11.6) 4:00 -3 25 89.3 | 10,7

5:30 -4 25

89.5 [10.5]| 4:30

86.8 |

-5 -5
Ave., 25 88.% | 11.7 Avg, 25 88,6 | 11.4
"}

Elapsed Feed Time - 1:2

mine

Average Deviation from a Heterogeneous Mixture

B-

. 2 ® 5% 3 -

1.7 %

D~

1.4k

Elnpsed Time of Run - 4:45 min.
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DATA SHEET FOR SCREN CONVEYCR TYPF MIXER

Test No, III-8 L Dot 2/2,'5[42
Materialg:
1 .
____Cherg Copper Sulfate

Density (1lb./cu.it.) 147.,3 143.5
Particle Size (mesh) 50 50
Feed Rate (cu.ft./hr,) 5.44 ___0.60
Weirht Charged (1be) 18 2

Percent Total Weight 90 10
RPU of Mixer Elements _ 108 Total Feed Rate 6.04 ou.ft,/hr,

Ave. Time Between Samples 20 pee;.Retained in system 1.00 _ 1b.

Aporoximate Time of Run 2 _P.M.

SAMPLE ANALYSIS

T
Time | Sample |Weight 1 2 Time] Sample | Weight 1 2
Min, No, gnm. % % Mine No. am, % %o

0:20 A-1 25 85.2 [14.810:40 B-1 25 85.6 {14.4

0 -2 25 87.2 {12.8][ 1:00 =3 5 86,8 | 13.2

0:4
1:00| -3 25 188.4 [11.6|l1:20 -3 25 | 87.2 |12.8
20 | -4 25 | 86.4 |18.6(1:40 | 25 | 88.0 |12.0

Avg, 25 86.8 113.2 Avg, 25 86.9 {13.1

Time | Sample | Weight 1 2 Time] Sample | Weight i 4 2
Min, No. EM. /0 Min. No. gm. % %

1:00| C-1 25 86.0 [14.0} 1:x0 D-1 25 85.6 | 14.4

1:20 =2 25 86.8 [13.21 1:40 -2 25 86.8 | 13.2

1:40 ) 5 88.4 |11.61 2:00 = 25 88,0 | 12.0

2:00 -4 25 87.6 |12.4} 2:20 -4 25 88.4 | 11.6

Elapsed Feed Time - _1:21 min, Elnpsed Time of Run - 2:30 min.

Average Deviation from a Heterogeneous lMixture

A- 3.2 % B-  3.1% C- 2.9 % D= 2.8 %
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Effect of Particle Size on Mixing. -- The following eight tables

(pages 49 to 57) show the results of the runs made with particle sizes of
16, 20, and 50 mesh and fines at mixer element speeds of 56 end 108 rpm.

All other factors were held constant and the materials used in each run

were chert and copper sulfate,
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DATA SHEET FOR SCREW CONVEYCR TYPT MIXER

Test No. __ IV-1 Dute 3/26/42

Materials:

1 e
________ Chert _Copper Sulfate
Density (1b./cu.it.) 147 .3 143.5
Particle Size (mesh) 16 16
Feed Rate (cu.ft./hr.) 4,67 1,55
Weight Charged (lb.) 15 5
Percent Totel: Weight 75 25
RPl of Mixer Elcments _ 108 Total Feed Rate 6,22 ou.ft,/hr.
Avg, Time Between Samples_20 _pec:.Retained in system 0.75 _ 1lb.

Apnroximate Time of Run 2 P,M,

SAVMPLE ANALYSIS

Time | Sample |Weight 1 2 Time| Sample | Weight 1
Min, No. gm. % % Mine No. gm. % %
0:20 | A-1 25 69.2 [30.8 | 0:40 B-1 25 76.4 |23.6
0:40 -2 20 64.0 36,0 !} 1:00 =9 29 74,0 26,0
,1:00| -3 25 169.2 [30.8{1:20 5 25 |78,6 |21.4
1:20 ~4 25 76,8 23,2 |]1:40 -4 25 8l.6 |18.4
- wd
Avg, 25 69.8 (50.2 Avg., 25 Hta? 28.3
Time | Sample | Weight 1 2 Time] Sample |Weight 1 2
Min, | No. gm. % % j| Min.  No. gm. % %
1:00( C-1 25 67.6 [32.4 {11:20 D=1 25 74.0 {26.0
1:20 =2 25 74.8 125,21 1:40 ~2 25 70.4 [29.6
1:40 ) 295 81,6 {18.42:00 -3 25 80,0 20.0
2:00| -4 25 | 82,0 {18.0]2:20 -4 25  |80.8 |19.2
. = -3
Ave., 25 76.5 |23.5 Ave, 25 76.3 123.7
Elapsed Feed Time - _ 1:19 min. Elopsed Time of Run - 2:40 min,

Average Deviation from a Heterogeneous lixture

A- 5.2 % B- 2,7 % c- 1.5 % D=~ 1.3 %



DATA SHEET FOR SCREW CONVEYOR TYPE MIXER
Test No. V-2 Date 3/25/42
Materials:
1 &
______ Chert Copper Sulfate
Density (1lb./cu.flt.) 147.3 142.5
Particle Size (mesh) 16 16
Feed Rate (cu.ft./hr.) 4,67 1.55
Weight Charged (1b,) 15 5
Percent Total Weight 75 25
RPM of Mixer Elements __ 56 Total Feed Rate__6.22 au,ft./hr,

Avg, Time Between Samples_2Q gec¢:.Retained in system 1,00 _ 1b.

Approximate Time of Run 5 _P,M,

SAMPLE ANALYSIS

Time | Sample {Weight 1. 2 Time| Sanple |Weight 1 2
Min. No. gm. % % Min, No. gm, % %
0:40 A-1 25 75,6 24.41 1:20 B-1 25 80.0 20.0
1:00 2 23 70.8 29.2]] 1:40 -3 25 7542 24,8
1:20 | -3 25 |e8.8_|sl.2l 2:00| -3 25 [79.2 |20.8
1:40 5 25 68,0 32.0fl 2:20 -4 25 76.8 25,2
-0 -5
Avg. 20 70.8 29.8 Avg, 25 77..8 22.28
Time | Sample |Weight 1 2 Time| Sample |Weight 1 2
Min. No. gm. % % Min. No. gm. % %
2:00 C-1 25 79.6 20,4 2:40 D~1 25 8l.4 18.6
2:20 -2 25 78.8 21.2|| 3:00 ~2 25 790 21,0
2:40 -3 25 D50l 24.8|1 5:20 -5 25 78 +2 24,8
3:00 -4 29 75,2 24,8 3:40 -4 25 738 26.8
o5 -5
Ave. 25 7.2 ‘L?JE.L Avg, 25 7 <2 2248
Elapsed Feed Time - _1:19  min, Elnpsed Time of Run - 4£:00 min,

Average Deviation from a Heterogeneous IMixture

A~

....._._4__.4 2_,2’_, - B~ - 2.8 ((b C- 2"_—20 a Ds 2.2 4%
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A-

Average

Deviation from a Heterogeneous Mixture

B-

0.7 5

O 2L
[ Rt

/o

DATA SHEET FOR SCREW CONVEYCR TYPF MIXER
Test No. Iv=3% Dute 3/27/42
Materials:
1 2
_____Chert Copper Sulfate
Density (1lb./cu.it.) 147.3 143.5
Particle Size (mesh) 20 20
Feed Rate (cu.ft./hr. 4.67 1.55
Weight Charged (1b,) 15 5
Percent Total Weight 75 25
RFl of Mixer Elements _ 56 Total Feed Rate_ 5,22 ou.ft,/hr,
Avg, Time Between Samples 20 gec;.Retained in system _1.00 _ 1b.
Apnroxzimate Time of Run 2 P,L,
SAMPLE ANATYSIS
Time | Sample |Weight i 2 Time| Sample | Weight 1 2
Mine No. gm. % % Min. No. am. % %
0:40| A-1 25 74.0 126,01 1:20 B-1 25 74,0 26,0
1:00 w5 25 74,4 |25.6 (] 1:40 - 25 73,6 26 .4
1:20| -3 25 | 75.6 |26.4|l2:00 | -3 25 |7a.4 |25.6
(1:40| - 25 | 74.8 |25.22:20 -4 25 | 75.2 |24.8
-5 -0
Avg, 25 74.2 (25.8 Ave, 25 74 .5 257
Time mple | Weight L 3 Time! Sample | Weight 1 2
Min. (0. gm. % % Il Min. No. em. % % !
2:00 C-1 25 72.6 [20.4 || 2:40 D-1 25 74,0 26,0 !
2:20 -2 25 75.2 |24.8 | 3:00 -2 20 74 .4 25.6
2:40| -3 25 | 75.2 |24.8 {13520 -3 25 |74.8 |25.2
3:00 | -4 25 | 74.8 |25.23:40 25 |75.6 l24.4
-5 -5
Ave, 25 74 .7 125,93 Avg, 25 74,7 2D oo
Elapsed Feed Time - __1:19  min, Elnpsed Time of Run - _4:00 min,
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DATA SHEET FOR SCREW CONVZYOR TYPE MIXER

Test No, Iv-4¢ Dete 3/27/42

1 2
______Cherw Copper Sulfate
Density (1lb./cu.it.) 147.3 143.5
Particle Size (mesh) 20 20
Feed Rate (cu.ft./hr.) 4,67 - 1,68
Weight Charged (1b,) L 15 5
Percent Total Weight 78 25
Rl of Mixer Elements _ 108 Total Feed Rate 6,22 ou.ft./hr,
Avg. Time Between Samples_ 20 gec..Retained in system 0,75 _ 1b,
Approximate Time of Run 5 P.M,
SAMPLE ANALYSIS
|
Time | Sample |Weight 1 2 Time| Sample | Weight 1 2
Min, | No. gm. % % || ¥in.,  No. gm, % Jo
0:20 | A-1 25 7.6 |22.4 |[0:40 Bl 25 76.0 |24,0
0:40 =2 25 74.0 (26,0 i11:00 -2 25 75.2 |24.8
1:00 -3 25 752 |24.8|11:20 =3 25 76,0 124.0
1:20 -~ 20 76.4 (23,06 ||1:40 -4 25 7546 24 .4
=5 -5
Avg. 25 75.8 |24.2 Ave, 25 75,7 |24.3
Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
Min,. No. gm. b %o Min. No. £m. % %
1:00 C-1 29 78.0 22,0 }]1:20 D~1 25 7962 22.8
1:20 ot 25 74,4 125,6 111:40 -2 25 76,4 122.6
1:40 -3 25 74.4 125.6 }|2:00 -3 25 74.0 126.0
2:00| -4 25 | 76.0 [24.0 ]2:20 -4 25 |74.8 |25.2
=5 )
Ave. 25 75.7 124.3 Avg., 25 75.6 |24.4
Elapsed Feed Time - __1:19 min, Elspsed Time of Run - _2:30 min.

Average Deviation from a Hetercgeneous liixture

A 0.8 o B=__ 0,70 C- 0.7 % D- 0.6 %



DATA SHEET FOR SCRIEW CONVEYCR TYFF MIXER

Test MNo. IV=5 Duta 3/11/42

1 5
Chert Copper Sulfate

Density (1lb./cu.it.) 147.3 143.5

Particle Size (mesh) 50 50

Feed Rate (cu.ft./hr.) 4.60 - 1.53

Weirht Charged (1b.) 15 S

Percent Total Weight 75 25
RPU of Mixer Elements _ 56 Total Feed Rate 6.13  su.ft, /hr,
Avg., Time Between Samples 20 gec:.Retained in system 1.00 b,

Apnroximate Time of Run 2 P.M,

SAMPLE ANALYSIS

Time | sample |[Weight 1. 2 Tine] Sample |Weight 1 2
s T~ A it s T 7. ol
Min, No, gm, % o Min, No an, G /o

0:40 A-1 &0 68.0 132.0 111:20 B-1 25 69,6 |30.4

1:00 =D 25 721 27.9~F}:4O -2 25 72.8 |27.2

12320 | .3 25 |72.4 |27.6 ||2:00 -3 25 |74.0 |26.0

1:40 -4 F35) 72.4 |27.6 [|2:20 -4 [4s) 75.6  (26.4

Ave, 25 71.5 |28.5 Ave, 5 72.5 1&87.5

Time | Sample |Weight 1 2 Time] Sample | Weight 1 2
Min.| No. gm. % % || Min.|  No. . % %

)l

73.4  126.6

2:00 c-1 25 71.6 |2B.4 (| 2:40 D~1
2:20 -2 25 73.2 126.8 || 3:00 -2 74.2 125.8

o Y Irs
w

(¢}

2:40 -3 25 74,0 26,0 }{3:20 ) 74.4 25.6

5:00 -4 25 74.4 [R5.6 || 3:40 -4 25 74.0 [26.0

Avg. 25 73.3 26,7 Aveg. 25 74.0 [26.0

Elapsed Feed Time - _ 1:20 min, Elopsed Time of Run - 4:00 min,

S

Average Deviation from a Heterogeneous lMixture

-A-" 3'5 % B" . 205 Z C- 1-7 . D— l.O %o



Test o,

DATA SHEET FOR

__Iv-6

Materials:

Density (1b./cu.

- 54 =

i )
10

SCREW CONVEYCR

1

__Ghert

147.3

Dute

TYFE WIXER

3/14 /42

2

_Copper Sulfate

Particle Size (mesh)

Teed Rate (cu.ft./hr.)

Weight Charged (1b.)

50

4.60

15

Percent Total Weight

RPU of Mixer Elcments

75

208

Aporoximate

Total Feed Rate_6.13 ou.ft,/hr,

SAMPLE ANALYSIS

Time of Run 2 P,M.

Avg, Time Betweecn Samples_ 20 ge¢;.Retained in system 0.7

1b.

Mmoo
iime

Min

PANN SR L

Sample

- No,

Time
Mine

Sanple

TTA
NO o

Weight
em.

0

0:20

0:40

B-1

25

73.6

26 .4

0:40

11:00

(2}
-5

[&]]

)
2

74 .8

25.2

1:00

_}:20

w3

74 .0

26,0

1:20

1:40

-4

(0]

9D

26 .4

-0 -5

Avg. 25 | 75.3 [26.7 Ave, 25 | 74.0 |26.0
Time | Sample | Weight 1 2 Time] Sample |Weight i 2
Min, No. gm. % % lin. No. gm. % %
1:00 C-1 28 73,4 264611 1:20 D1 25 74 .4 29,6
1:20 -2 25 74,4 125,611 1:40 -2 29 74,8 2042
1:40 d) 25 74,7 125,31 2:00 -3 25 74.4 |25.6
2:00] -4 25 | 74,0 [26.0] 2:20 4 25 | 73.2 |26.8

-9

Ave. 25 74,1 125.9 Avg, 25 74.2 |25.8
Elapsed Feed Time - __1:20 mins Elnopsed Time of Run -~ 2:30 min,

Average Deviation from a Hetercgeneous Mixture

A- 1.7 %

B- 1,0 %

n

(=

0.9 %

D=

0.8 %




Test No., Iv-7

Materials:

Density (1lb./cu.ft.)
Particle Size (mesh)

Feed Rate (cu.ft./hr.)

)

Height Charged (1b,)

Percent Total Weight

"OR

- D) -

SCREW CONVEYCOR TYFF MIXER
Dute 3/31/42
1 2
. Ghert Copper Sulfate
1473 143.5
Fines Fines
4,67 1.55
. 19 5
75 25

RPU of Mixer Elements _ 108 Total Feed Rate 6.22 ou.ft,/hr,
Avg, Time Between Sample s_20 pec..Retained in system 9,00 __ 1b.
Approximate Time of Run 10 A, M,
SAMPLE ANATYSIS
]
Time | Sample |Weight 1 2 Time| Sample | Weight 1 2
Min. No., gm, % o Min, No. em. % %
0:40 A-1 25 72,0 28,0 111:00 B-1 25 70.4 29,6
1:00 -2 2D 73.2 26,8 ]11:20 -2 25 68,8 (31l.2
L 1:20 =3 25 71.6 128.4 ]11:40 -3 25 78.4 (21.6
-4 =4
-3 -9
Aveg, 25 72.3 1277 Avg, 25 72.5 27.5
Time | Sample | Weight ' 2 Time| Sample | Weight L 2
Min, No. gm. % o Min. No. gm, % %
T 1
1:20 C-1 25 69, 30,4 [12:00 D-1 25 70.8 129.2
1:40 -2 25 72 27.6 112:20 -2 25 74 .4 25.6
2:00 -9 25 76. 23.6 {|2:40 -3 20 74,7 125.3
= -4
- =5 -5
Ave, 25 72.8 j27.2 Ave, 25 735.5 |26.7
’ ,
Elapsed Feed Time - __1:19  min, Elnpsed Time of Run - 2:40 min,

Average Deviation from a Heterogeneous liixture

A 2.7 % Be

22D %

C- __ 2.2 %

D- __ 1.7 %




- 56 -

DATA SHEET FOR SCREW CONVEYOR TYPE MIXER

Test No, __ IV-8_ Dute _ 4/1/42
Materials:
1 2
__W__“Qﬁert Copper Sulfate
Density (1lb./cu.it.) 147.3 __143.5
Particle Size (mesh) Fines Fines
Feed Rate {cu.ft./hr.) 4,67 158
Weirht Charged (1lb,) 15 5
Percent Total Weight 75 25
RPM of Mixzer Elcments _56 _ . Total Feed Rate 6,22 ou.ft./hr.
Avg, Time Between Samples_20 pec:.Retained in system 7,00 _ 1lb.
Approximate Time of Run 1C A,l.
SAMPLE ANALYSIS
) 7
Time | Sample |[Weight 1 2 Time| Sample | Weight 1 2
Min, No. em., % o Min, No. gm, % %
0:40 A-1 25 68,8 | 31.2{1:20 B-1 25 67.6 |32.4
1:00 -2 25 68.8 | 31.2{{1:40 -2 25 69.2 130.8
1:20 | -3 25 |74,0_ | 26.0l|2:00 -3 25 |75.2 |24.8
1 1:40 =4 25 75.6 | 24.4}2:20 ~4 25 75.6  |24.4
-5 -5
Avg. 25 71.8 28.2 Avg, 25 7.9 28.1
Time | Sample | Weight 1 5 Time| Sample |Weight 1 2
Min. No. gm. % o Min. No. g, % %
2:00 C-1 25 70,0 | 30.0]i2:40 D-1 25 72.0 128,0
2:20 -2 25 71.6 | 28,4]13:00 -2 25 73,0 127.,0
2:40 =3 25 76,0 24,0/15:20 -3 29 75,0 27.0
3:00 | -4 25 |71.6 | 28.4 4 |
=5 -5
Ave, 25 72.3 | 2747 Avg, 25 727 27,3
Elapsed Feed Time - ___1:19 min. Elnpsed Time of Run - 3:20 min,

Averace Deviation from a Heterogeneous llixture

~
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Effect of Difference in Density on Mixing. -- The following six

tables (pages 58 to 64) show the results of the runs made with materials

of densities of 280.8, 192,8, and 147.3 pounds per cubic foot with a
material of a density of 143.5 pounds per cubic foot at mixer element speeds
of 56 and 108 rpm. The crystalline structures of these materisls were not
the same in these runs and a study of the effect of this factor on mixing

as compared to a difference in density may be found under Preliminary In-

vestigations on page 21. All other factors were held constant during these

TUnSe



DATA SHEET FOR ¢

Materials:

Density (1lb./cu.it.)

Particle sSize (mesh)
Feed Rate {(cu.ft./hr.)

Weight Chareed (1b,)

Percent Total Weight

56

RFLl of Mixer Elcments

R . o 2 ¢ i = - : o srevdk = YO
Ave, Time Between Samples 20 gee:.Retained in system 2,00
= B s o A 5 £ J s g

- 58 =

SCREW CONVEYCR

1

TYPE

__Barytes

MIXER

o

Copper Sulfate

280.8

143.5

0

Ul

20

4,50

1.50

17,1

2+9

(69]
(o]}
.

[$]]

14,5

Total Feed Rate 6.00 au.ft,/hr.

1b.

Approximate Time of Run 2 PN,
SAMPLE ANALYSIS
Time | Sample Wcight. i 2 Timej Sample | Weight 1 2
Min . No ” gm. :; /; }il Noe No gm. \/(_1 ‘/:’)
0:40 A-1 25 84.4 115,61 1:20 B~-1 25 88.4 11.6
- 1:00 -2 25 85.2 114.81] 1:40 -2 25 4.8 15,2
 1:20| -3 25 |8a.8 |15.2] 2:00 -3 25  185.0 14,0
-4
-3 -5
Avg. 25 |84.8 |15.2 Ave, 25 |86.4 [13.6
Time | Sample | Weight 1 2 Time| Sample |Weight 1 2
Min.| No. em. % i Min.,| No. gm. % % i
- 1
2:00 C-1 25 88.4 (11.6]{2:20 D=1 25 85,2 14.8
2:20 -2 25 86.8 |13.2 1 2:40 ~& 25 86,0 14.0
2:40| -3 25 | 82.8 |17.2]3:00 -3 25 |s85.6 |14.4
A -4
N -5 -5
Ave, 25 86,0 i}L‘L.O Avg, 25 85.6 14 .4
Elapsed Feed Time - _ 0:49 min, Elopsed Time of Run - _3:20 min,

Average Deviation from a Hetercgeneous lMixture

I« .- 3

C-

0.5 %

D~ 0.1 %
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CONVZYCR TYFE MIXER

Test No. V-2 Date 4/11/42

Materials:
1 2

___Barytes Copper sSulfate

Density (1lb./cu.ft.) ____ 280.8 143.5

Q

Farticle sSize (mesh) 50 5

Teed Rate (cu.ft./hr.) 4 .50 1,50

5
Weicht Charged (1b.) 17.1 2.9

Percent Total Weight B85.5 14,5
RPM of Mixer Elcments _ 108 Total Feed Rate 6,00 su.ft./hr.

Avg, Time Between Samples_20 pec¢:.Retained in system 6.00 __ 1b.

Approximate Time of Run 2 PN,

SAMPLE ANALYSIS

T o 1
Time | Sample | Weight L 2 Time] Sample | Weight 1 2
" e i eri of 5 o 7 ~7
Min, No. gm, o o Mine No. £m, %o %o

0:20 A-1 25 83.2 (16,81 0:40 B-1 25 83,2 16,8
85,8 116.2

0:40 -2 20 84,0 [16.,0 4 1:00 -2 25
1:00 -3 25 83,6 [16.4 1 1:20 -3 29 85.8 16,2

-4 -4

- ) —'5

Avg. 25 83.5 |15.4 Avg, 25 83.6 |1l6.4
Time | Sample | Weight 1 2 Time| Sample | Weight 1 2
Min. No. g£m. % o Min, No, gm. % %
1:20 C-1 25 86,0 [14,0112:00 D-1 29 83,8 1l:2
1:40 -2 29 8.4 7.6 2:20 -2 25 B82.4 17.6

ool | )
~1

.

Ch

B2.4

]
b]]

2:00 -3

2:40 -3 20 B0.8 119,2

Ave, 25 83,6 [16.4 Avg. 25 8.0 {16.0

Elapsed Feed Time - 0:49 min, Elnpsed Time of Run - 2:40 min.

Average Deviation from a Heterogeneous lixture
=

A- 1,9 % B- 1.9 % C~ 1.9 % D- 1.5 %
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i T e TR AR AT, e
DATA SHEET FOR 3CREW CONVEYOR TYFF MIXER

Test No. _ V=3 _ . Dute 4/16/42

1 2
Andalusite _Copper Sulfate

Density (1lb./cu.it.) 192.8 143,.5

Particle size (mesh) 50 50
Feed Rate {cu.ft./hr.) 4,50 4,50

Weicht Charged (1b,) 16 4

Percent Total! Weight 80 20
RPL of Mixer Elcments _ 108 Total Feed Rate 6,00 ou,ft,/hr,

Avg, Time Between Samples 20 _gec:.Retained in system  4.75 lb.

Approximate Time of Run 11 A.lN.

Time | Sample |Weight 1 2 Time| Sample | Weight 1 2
. AT~ . 7 e .»‘ 7 ol
Min LJ No » g, /{3 /e I“l Ile No. |m. %‘ /9

oo
(¢]]

0:20 A-1 25 79.2 |20,8 }{0:40 B~1 76,8 13.2

D

Ji

0:40 -2 25 80.0 [20,01{1:00 -2 25 78,8 [21.2
1:00 =3 256 180.0 120,0{11:20 -3 80.0 20,0
1:20 ~4 o5 75,0 {24.0 111:40 =4 25 79.2 20,8

o
(@3}

Avg, 25 78.8 |21.2 Avg, 25 7847 21.3

Time | Sample |Weight 1 2 Time| Sample |Weight 1 2
Min. No. gm. % % Min, No. gm. % %
1:00 C-1 25 78,0 122.,0 }11:40 D-1 25 79,6 20,4
1320 -2 25 78.4 [21.6 ||2:00 -2 29 78.8 21l 2
1:40 ) 29 80,0 |20.0 |]2:20 -3 25 76.8 23.2
2:00 ~4 29 78.4 121.6 |12:40 -4 29 7946 2004

-5 -5

Ave. 25 78,7 121.3 Ave, 25 78.7 213
Elapsed Feed Time - _ 1.06 min, Elapsed Time of Run - 2:40 min.

Average Deviation from a Hetercogeneous lMixture

A- 1.2 % B- 1.3 % 6= 1.3 % D- 1,3 %



DATA SHEET ¥

TeSt I‘IO- “}’—4

Materials:

Density (1b./cu.lt.)
Particle Size (mesh)
Feed Rate (cu.ft./hr.)
Weirht Chareed (1b,.)’

Percent Totel Weight

RPM of Mixer Elcments _

- 61 -

OR SCREW CONVEYCR

1

_ Andalusite

192.8

TYFF VIXER

2

_Copper Sulfate

143.5

50

4,50

4.\%

16

4

30

20

56 Total Feed Rate 6,00 au.ft,/hr,

Avg. Time Between Samples 20 @ec:.Retained in system 3,75 _ 1b,
Approximate Time of Run 2 P,
SAMPLE ANALYSIS
I T
Time | Sample | Weight 1 2 Tize] Sample |Weight 1 2
lin, | No. gm. g % || Min,  TNo. em, % %
0:40 ] A-1 25 78.4 (21,61 1:20 B-1 25 7942 20,8
1:00 -2 25 78.4 |21.6(] 1:40 - 25 79.2 20,8
 1:20| -3 25 | 80.8 |19.2] 2:00 -3 25 | 78.8 |=21.2
1:40 25 76.8 [ 23,21 2:20 -4 25 80.0 20,0
-5 ~9 )
Avg. 25 78.6 |21.4 Ave, 25 79,5 | 20,7
Time | Sample | Weight 2 I Time] Sample |Welght 1 2
Min, No. £ % G Min, Ho. £me. % %o
2:001 C-1 29 78.4 121,63 2:40 D=1 29 8l.06 18.4
2:20 -5 20 8l.o |18,414 3:00 -2 25 80 .4 19.0
2:40 -5 25 80,0 [20,0] 3:2 -5 25 78.8 |21.2
3:00 -4 25 77.6 122.4 1 340 4 29 764 25,6
i -5 -5
Ave, 85 79.4 120.6 AVE,. 25 79.% | 20,7

Elapsed Feed

Time - 1:00

min,

Blansed Time of Run - 4:00

Average Deviation from a Heterogeneous liixture

A= 4

1.4 /0

~
() -

0.6 %

min.

0,7 %




DATA SHEET FOR SCREYW CONVEYOR TYFE MIXER

Test No. ___ V=5 ____. Dute 3/11/42
Materials:
L 2

i ____ Chert Copper Sulfate

Density (1b./cu.it.) 147 .3 143.5

Particle Size (mesh) 50 50

Feed Rate (cu.ft./hr.) 4,60 1.5

Weight Charged (1b,) 15 5

Percent Total Weight 75 25
RFl of Mixer Elements _56 _ Total Feed Rate 6,13 su.ft./hr.
Avg., Time Between Samples_ 20 ge¢:..Retained in system 1,00 _ 1b.

Approximate Time of Run 2 P,Ii,

SAMPLE ANALYSIS

Time | Sample | Weight 1 2 Time| Sample | Weight 1 2

Min, | No., gn. % % || Min,  No. em, % %o

0:40 A-1 25 68.0 (32,0 ]/1:20 B-1 25 69.6 |30.4

1:00 -2 25 2.1 27,9 111:40 -2 25 72.8 127.2

. 1:20 . 25 | 72.4 |27.6}12:00 =3 25 174,0 26,0

1:40 o 29 72.4 12876 |1 2220 ~4 29 7546 26,4
-5 -5

Avg. 25 71.5 |28.5 Avg, 25 7245 27 O

Time | Sample |Weight 1 2 Time] Sample | Weight L 2

IILn . No ° E€Ma % /“ Min ° 1\"'0 . EMe % %

2:00 C-1 29 71l.6 28,4 1] 2:40 D-1 25 7344 26,6

2:20 -2 25 7542 j26.8 113:00 -2 25 74.2 |25.8

2:40 -3 25 74,0 26,0 [|3:20 =3 25 74 4 20,0

3:00 -4 25 744 |125.6 [|5:40 -4 25 74,0 26,40
-9 -0

Ave., 25 73.3 126.7 Ave, 25 74.0 26.0

Elapsed Feed Time - 1:20 min. Elnpsed Time of Run - 4:00 min,

Average Deviation from a Heterogeneous lMixture

A- __3,5%  B-__2.,5% C- 1.7 % D- _ 1,0 %




DATA SHEET FOR SCREW CONVEYCR TYFF MIXER

Test No. V=6 Dute 3/14 /42

Materials:

1 2

Chert _Copper Sulfate

Density (1lb./cu.it.) ~ 147.3 B 143,5

Particle Size (mesh) 50 50

Feed Rate (cu.ft./hr.) 4,60 . 1.53

Weicht Charged (1b,) 15 5

Percent Total Weight 75 25

ct

RFL of Mixer Elcmen

Avg, Time Between Samples 20 @ec;.Retained in system 0,75

e

Approximate Time of Run 2 P.ld,

SAMPLE ANALYSIS

s _ 108 Total Feed Rale 6,13 2u.f

t,/hr.

Ibs

Time | Sample | Weight 1 2 Time| Sample | Weight 2
T 1 / - T, 7, o
Min. No., em. i % ¥in. No. am. % %

0:20 A-1 25 73.2 |26, 0:40 B-1 20 73,6

o
o
£

5
5
o

8
0:40 -2 25 75.2 126,311:00 ~3 25 74,8
0

1:00| -3 25 1 74.0 |26.011:20 -3 | 25 17,0

20

1:20 -4 25 72.8 ({27.2 11 1:40 ~4 25 75,6

1%}
o C
L]
1o

Avg. 25 Whga |26 .7 Avg, 25 74,0 26,0

Time | Sample | Weight i 2 Time| Sample | Weight 1 2

Min, No, gm. % o Min, No. gm. % %
- 1:00 C-1 29 73,4 |26, 120 D~1 25 74 .4 25,6

bay )
av]
U
~J
[
8
o

:40 -2

fav]

o

&

(o2 (o2}

1:20 -2 25 74 4

0
(@]
.
W
v
o
<
]
(&
av)
(9]
~3
N
L
>

1:40 | -3 25 | 74,7

t J
(o})
L]

o
o
o
o
Y
&7
~3
&
Ld

S

2:00 -4 25 7440

-5 =

Ave, 25 74.1 125.9 Ave. 25 74,2 {25.8
Elapsed Feed Time - __1:20 min. Elnpsed Time of Run - _2:30 min.

Average Deviation from a Hetercgeneous lMixture
. %, O

A~ 1.7 % B~ 1.0 % C- __0.9 % D- 0.8 %



H, Results

On each of the following nine pages may be found a family of curves
showing the relative position of the respective curves of the variable fac-
tors and their effect on mixing efficiency. ZXach of these curves is a plot
of the per cent deviation from a perfect heterogeneous mixture, values taken
from the preceding tables, ageinst the feel of mixer at which samples were
taken.

Effect of Speed of lixer FElements on Mixing. -- Curve No. 1 on page

66, shows the effect of mixer element speeds of 40, 56, 72, 108, and 144 rpm.
on mixing efficiency. All other factors were held constant during the runs
and the materials used in each run were chert and copper sulfate,

Effect of Feed Rate or Mixing. -- Curves No. 2 and 3 on pages 67

and 68, respectively, show the effect of feed rates of 3, 6, and 12 cubic
feet per hour on mixing efficiency at mixer element speeds of 56 and 108 rpm.
All other factors were held constant and the materials used in each run were
chert and copper sulfate.

Effect of Feed Proportions., =-- Curves No. 4 and 5 on pages 69 and

70, respectively, show the effect on mixing efficiency of feed proportions
of 50-50, 60-40, 75-25, and 90-10 by weight at mixer element speeds of 56

and 108 rpm. All other factors were held constant and the materials usad

in each run were chert and copper sulfate,

Effect of Particle Size on Mixing. == Curves No. 6 and 7 on pages

71 and 72 ,respectively, show the effect on mixing efficiency of particle
sizes of 16, 20, and 50 mesh and fines at mixer element speeds of 56 and
108 rpm. All other factors were held constant and the materials used in

each run were chert and copper sulfate,



- B -

Effect of Difference in Density on lixing. -- Curves No. 8 and 9 on

pages 73 and 74, respectively, show the effect on mixing efficiency of using
materials with densities of 280.8, 192.8, and 143.7 pounds per cubic foot
with a material of a density of 143.5 pounds per cubic foot at a mixer element
speed of 56 as well as 108 rpm. The crystalline structure of these materials
were not the same in these runs and a study of the effect of this factor on
mixing as compared to a difference in density may be found under Prelimi-

nary Investigations on page 21. All other factors were held constant during

Tuns.
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I, Derivation of Mixing Equations

The following is that portion of the data taken which was used in
deriving equations applicable within designated limits to show
the effect on final mixing efficiency of variations in any one
variable factor . The data for variations in feed rate, feed
proportions, particle size, and difference in specific gravities
of the materials is taken from the run at 108 rpm, since data
obtained at the speed was the more conclusive of that taken at

the two speeds at which these variables were studied,

Variable Value Per Cent Deviation

rpm (final)

Speed of 72 Sel
Elements 108 248
144 0.7

TV o L

Feed Rate (&) 2.8
12 0,0

Feed Proportions larger %
smaller %

mesh

Particle Size 20 0.6
50 0.8

150 Les7

diff,

Difference in Sl 1.5
Specific Gravity 0.79 1.5
0.06 0.8



Sample Calculations: (Evaluation of constants by method of least squares)

The general equation of the curve for the variation of mixing
efficiency with variations in the specific gravity of the materials being

mixed may be written as follows:

beG Where - a and b = constants
d = ae d = % deviation
G = difference in
specific gravity
e = 2,72
log 4 = b-logloe-G + log a
or
y = mex + c Letting - y = log a
m = b-logloe
x G
c = log a
Let & = the summation of a series
0 = the partial integral of
. &P° =% (mx +c - y)2
(1) o2 _ 24 (mx + ¢ = y)x = 0

on (1) 5.64m + 3.15 ¢ = 0.48
BXy = m&x2 + c&x

(2) 3.,15m + 3¢ = 0,19
(2)-§§ =22 (mx+¢-y)l=0 m = 0,089
c = -0.062
max + 3¢ = &y
a = (0,87

0.12 = b * 0.4342
b = 0,27

Table of values:

x d loz 4 x2 Xy

(y)
2.2 1.5 0.1761 4,840 0.387
0.89 1.5 0.1139 0.792 0.101
0.06 0.8 =0.0369 0,004 =0,006
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Therefore, the final equation of the curve may be written as -

0.27G
d = 0,87+
Check of equation: Calculated values Actual values
1.6 1.5
1.% 1.3
0.9 0.9

Similarly, the following equations were derived for variations in each of
the other variable factors. These equations are applicable only within
the limits of the data used in their derivation and under the conditions
given for each,

Note: 1In all cases, d = the per cent deviation from a perfect heterogen-
eous mixture.

I. Speed of Hlements.

Holding constant: 1., Density of materials 2.3
2. Particle size (mesh) 50
3. Feed rate (cu.ft,/nr.) 6
4, Feed proportions 90:10
0.021-8
d = 18,7-e S = speed in rpm.

II. Feed Rate,

Holding constant: 1. Density of materials 2
2. Particle size (mesh) 50
3. Speed of elements (rpm) 108
4, f'eed proportions 90:10
d ==0,47-F + 5,6 F = feed rate in cu.ft./hr.

III. feed Proportions.

Holding censtant: 1, Density of materials 2ed
2. Particle size (mesh) 50
3, Feed rate (cu.ft,./hr.) 6

4, Speed of elements (rpm) 108
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d = 0.36°R - 0.37 R = Larger j by weight
Smaller % by weight

IV, Particle Size.

Holding constant: 1. Density of materials 2.3
2. Speed of elements (rpm) 103
3. Feed rate (cu.ft./hr.) 6
4, Feed proportions 75:25

d = 0,0085¢F + 0,41 P = mesh size
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IV, DISCUSSION OF RESULTS

Representation of Mixing Efficiency. =-- Mixing efficiency may be

represented in a number of ways, anyone of which will give the same shape
curves as the other. The difference in the weight per cent of insoluble
material present in the feed and samples taken during the runs forms the
basis for representing mixing efficiency in this investigation. There is
a sampling port for every eight feet of mixer and these four points form
the abscissa of the curves. The ordinate is the difference between the

average weight per cent of the insoluble material in the samples taken at
a port and the weight per cent of insoluble material present in the feed.

Variations in Speed Qg lixing Elements. -- As might be expected

there is a transitional speed where the action of the conveyor mixer changes
from one of simple conveying to mixing. This may be attributed to the fact
that at low rotational speeds the material is simply scraped along the bottom
of the pipe and there is no opportunity for flow back of the material to occur.
Since flow back affords the best mixing action, mixing efficiency will be low=-
est when there is no flow back. As the speed is increased to that at which
flow back begins, mixing efficiency was found to be lower than the efficiency
at the highest speed at which conveying alone exists., This would tend to
indicate that the natural tumbling action occurring at conveying speeds up

to 56 rpm. gave better mixing, as shown in Curve No. 1 on page 66, than the
higher speeds from 56 to 108 rpm. where flow back of the material was not
sufficient to compensate for the decrease in the time required for the
material to pass through the mixer. As the speed was increased to 108 and

144 rpm., the efficiency increased and was greatest at 144 rpm. On this
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basis, it was felt that to give a more complete picture of the operation
of the mixer the effect of the variable factors should be studied at a
conveying as well as a mixing speed. Therefore, the remaining tests were
duplicated at 56 and 108 rpm.

Variations of Feed Rate, -~ At a low feed rate and element speed

the mixing is obtained as the result of the tumbling action during convey-
ing. The effect of increasing the feed rate beyond a certain value is the
same as would be attained by increasing the element speed to where flow

back of material occurred. At the lowest feed rate the amount of material
present in the mixer was small enough that it could be mixed by tumbling
action alone at either speed., At a feed rate of 6 cubic feet per hour,
mixing efficiency was better than for 3 cubic feet per hour at the convey-
ing speed of 56 rpm, This may be attributed to the fact that the material
level at this feed rate was sufficient to give some flow back of material as
a result of the forward motion of the element when rotating. Hence, the
deviations at the two last ports were somewhat less than those at 3 cubic
feet per hour. At an element speed of 108 rpm. and a feed rate of 6 cubic
feet per hour the sliéht amount of flow back was sufficient to compensate
for the decrease in time of passage of material through the mixer. TFor a
feed rate of 12 cubic feet per hour the mixing efficiencies were approximate-
ly the same for both speeds. In this case the flow back at the higher speed
was sufficient to compensate for the decrease in time that the material was
in the mixer. At the lower speed the flow back of material resulting from
the higher level in the mixer plus the additional time required for the

material to pass through the mixer resulted in approximately the same effici-
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encies of mixing at either speed. The relationship of the curves for the
three feed rates at the two speeds may be seen in Curves No. 2 and 3 on
page 67 and 68 respectively.

Variations in Feed Proportions. -- At the mixing speed of 108

rpm. the results indicate that increases in the percentage of the soluble
meterial caused subsequent increases in mixing efficiency. Sixty-forty
and fifty-fifty proportions of feed by weight were found to have the
least deviations from perfect heterogeneous mixtures of the four propor-
tions as shown in Curve No. 5 on page 70. The variations in efficiency at
56 rpm., shown in Curve No. 4 on page 69, followed no definite tendencies
relative to feed proportions. IHowever, a feed proportion of 50-30 by
weight did show the poorest efficiency of the four proportions used. On
the whole, mixing efficiencies were lower at the lower speed indicating
that feed proportions exert more effect on mixing when dependent on a
tumbling action that when dependent on a flow back of material.

Variations in Particle Size. -- Particle size apparently has the

same effect on mixing efficiency at a conveying speed as at a mixing speed.
This was indicated by the same relative positions of the curves for various
particle sizes at bo and 108 rpm, as indicated by Curves No. 6 and 7 on
pages 71 and 72 respectively. The ideal particle size for use in the mixer
seems to be twenty mesh as was shown by better mixing efficiency at this
size than at any of the others used, Material sizes larger than twenty
mesh and smaller than fifty mesh showed lowest efficiencies of the sizes

tested.

Variations in Density of the Materials. -- At 56 rpm., the greater

the difference in density the closer the sample analyses approached perfect



mixture proportions as was indicated by the relative positions of the
curves in Curve No, 8 on page 73. The natural tendency of the heavier
density materials to settle in the bottom of the pipe accounts for the in-
crease in percentage of the insoluble material which was the material of
higher density in each case. However, this does not indicate a greater
mixing efficiency since these samples definitely did not have the same
uniform appearance of dispersion that samples taken during all other runs
had., At the higher speed of 108 rpm., shown in Curve No. 9 on page 74,
the greater the difference in density of materials the poorer the mixing
obtained. The tendency of the conveyor at higher speeds to push the mater-
ials up the sides of the pipe and cause flow back, which is highly advan-
tageous to obtaining efficient mixing, also allowed the heavier material
to settle out of the mixture. This accounts for the samples having lower
percentages of the insoluble material, which was the heavier material, as
the difference in density became greater,

Material Retention in the System, -- The average weight of mater-

ial retained in the system was approximately 1.25 pounds, except when fines
or materials of different densities were used; in the latter cases, as may
be seen by reference to the data sheet on pages 55 to 63 for these runs,
the amount increased to from four to seven times this amount. The cause
of this increase is irregularities in the pipe walls which hold the finer
material, and the increased weight of the higher density materials which
cause them to resist being conveyed and also settle in these crevices,
Sampling. -~ At least four samples were taken at each of the four
sampling ports except in the runs with fines or materials of widely varying

densities. By reference to Tables IV-7, IV-3, V-1 and V-2, it may be seen
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that it was possible to take only three samples in these cases. This may
be attributed to the sharp increase in the amount of material retained in
these instances in the unit for the reasons explained in the preceding

paragraph.
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V. CONCLUSIONS

The screw conveyor mixer with plain flights is an efficient mixer for

dry solids under the following conditions:

Qe

Ce

€e

For speeds above 108 rpm. and below 56 rpm. at feed rates

up to 3 cubic feet per hour or for feed rates avbove 9 cubic
feet per hour.

For feed in the size range from 20 to 50 mesh; larger or
finer materials give poorer mixing efficiencies.

For speeds of 108 rpm. or above, 50-50 and 60-40 feed pro-
portions by weight give the most efficient mixing; at

speeds of 56 rpm. and below the effect of feed proportions
is not definitely established,

For speeds of 108 rpm. and above, mixing efficiency varies
inversely with the difference in the density of the materials
being mixed. At 56 rpm., the reverse is apparently true, but
dispersion of the materials in each other is very poor de-
spite the nearness of the weight percentages present to those
of the feed.

For feed rates up to 3 cubic feet per hour and above 9 cubic
feet per hour at 56 rpm. mixing efficiency is good; this

also holds true at the higher speeds of 108 rpm. and above.

Size reduction takes place in the mixer when materials in the size range
from 16 mesh to four mesh are used. When materials of four mesh are
used the crushing action is considerable while the crushing action

occurring when 16 mesh material is used is negligible.
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The major portion of the mixing in the conveyor mixer took place in the
first eight feet of the apparatus.

The average weight of material retained in the system was constant at
approximately 1.25 pounds, except when fines or materials of different
densities were used; 1in the latter cases, the weight increased to from

four to seven times this amount,.
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VI, SULLARY

A four unit helical coaveyor type mixer with cut and folded
elements built by L. C. Peery at Virginia Polytechnic Institute in 1939
was tested., FPreliminary investigations,made before tests to obtain perti-
nent data were begun, showed the advisability of straightening these folds.
The purpose of this was to prevent all of the mixing action from occurring
in the first unit and to show an incomplete picture of the mixer operation.
These preliminary investigations also showed the maximum particle size
usable in the mixer without obtaining excessive size reduction during mix-
ing. In addition to the above, the investigations showed that in tests
where a difference in the density of ths materials existed as well as a
difference in their crystalline structure, irregularities in the mixing
data obtained under these conditions could be attributed more to the
difference in density than to the difference in the crystalline structure
of the materials, On this basis, tests made on the screw conveyor mixer
with the available materials were titled as studies of the effect of a
difference in density on mixing,

The first tests on the mixer were made witn chert and copper sul-
fate to determine the effect of speed of elements, feed rate, feed propor-
tions, and particle size on mixing efficiency. These materials were rela-
tively inexpensive and the copper sulfate was readily leached from the
samples to form a basis for weight analysis of samples. In the teststo
deteriine the effect of a difference in density on mixing efficiency the
materials used were barytes, andalusite and chert with copper sulfate,

which is the only soluble material of thes four listed.
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The procedure followed is as follows: the particle size, density,
and weight of the two materials to be used were recorded, These materials
were fed into the mixer and at given time intervals samples were taken at
the sampling ports and discharge opening. The feed time, time of the run,
rpm. of the mixer elements, average time between samples and weight of
material in the system were teken. These samples were analyzed and fami-
lies of curves drawn to show the relationship of variations in the variable
factors to mixing efficiency.

Results show that a mixing element speed up to 56 rpm. and above
108 rpm. gave the most efficient mixing with feed rates below three cubic
feet per hour and above nine cubic feet per hour., The optimum particle
size was in the range from twenty to fifty mesh with feeds of approximately
equal percentages by weight of the two materiels showing the best mixing
efficiency at 108 rpm. At a speed of 55 rpm. the relationship of feed
proportions to mixing efficiency was not definitely established. The
efficiency of mixing varied inversely with the difference in density at
a speed of 108 rpm., and showed the apparent reverse of this at 56 rpm., but
dispersion of the materials in each other at this speed was very poor. With
materials of 16 mesh size, the size reduction taking place during mixing is
negligible, but with materisls of 4 mesh size there is an appreciable amount
of size reduction teking place. Equations, holding within specified limits
and showing the effect of each variable factor on mixing efficiency, were

derived,
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VII. RECQMMENDATIONS

Variations in Particle Size. -- In future tests the effect on

mixing efficiency of mixing particles of sixteen mesh and twenty mesh,
sixteen mesh and fifty mesh,and sixteen mesh and fines, as well as the
other combinations vossible, should be studied. This would more definite-
ly establish the relationship of mixing efficiency to particle size in the
conveyor mixer,

Difference in Lensity of lMaterials., -- In the tests made in this

investigation the heavier density material was always present in the larger
percentage., Tfor future tests it would be desirable to study the effect on
mixing of having the leavier material present in the smaller percentage.

Crushing Action. -~ The crushing action of the mixer should also

be studied more closely. Tests should be made to determine if the size of
materisls used is the only factor affecting this action or if the hardness
of the materials has some appreciable effect, The effect of particle shape
should also be studied more thoroughly in this connection.

Difference in Crystalline Structure. =-- The runs to determine

the effect on mixing efficiency of this variable should be made if it is
possible to obtain the necessary materials in sufficient quantity.

Feed Proportions. =~ It is also suggested that runs at other

speeds in the conveying range be made with varying feed proportions. The
erratic data obtained at 56 rpm. for tests in which this factor was varied
suggests either errors in the testing or some other factor coming into play

at this speed.,
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