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I. INTRODUCTION

Although solids mixing is a basic operation in many
different industries, 1t has received little treatment in the
literature as compared with other types of mixing. Barclay (3),
Clump (14), Fischer (18), Gray (23), Moran (34), Scott (39) and
Work (48) have described some solids mixers, according to
their mode of operation. Yet no complete and systematic
survey about constructlions and details of machines has been
made. Consequently this author attempted to review all solids
mixers available on the market, which are classified into
bateh and continuous types.

There are many types of equipment available for mixing
solid particles, or powders, However few quantitative
performance data can be found. Attempts were thus made by the
author to collect all probable experimental results observed
by investigators on mixers used for blending sollids and discuss
thelr performences from figures based on a single expression,
i.e., standard deviation against number of revolutions of the
mixer according to the type of mixing machine. The performance
data of different solids mlxers were compared based on three
criteria (a) state of best mixture, (b) rate of mixing, and
(c) appearance of final mixture. There are many milxers not
yet studied because of the difficulty of sampling and testing
as well as costs,

Experiments concerning factors affecting both degree and



rate of mixing were done separately by some authors, In this
investigation, attempts were therefore made to summarize the
results from these separate reports.

Recently a survey and general review of solids mixing
was carrlied out by Yamaguchl (49) as well as by Fan, Chen and
Watson (17). Bourne (5) surveyed the mixing of pastes and
non-newtonian fluids in addition to powders and included some
discussion about scale-up rules and methods but found no
theoretical basis established for the development of scale=-

up laws for the mixing of powers.



II. MIXING EQUIPMENT

Mixzers are used to mix two or more materlals into an
adequate mixture which depends on the characteristics of the
components, of the equlpment and the conditions of operation,

Solids to be mixed are usually dry powders, free-flowing
materials and plastics. The mixing and blending of solids
play an important role 1in numerous industries such as food
industry, chemical industry, glass industry, polymer industry,
prharmaceutical processes, sand foundry , etc. Because of the
special requirements of each industry and different mixing
performance of the varous materials, there are many different
forms of solids mixers.

S80lids mixing equlipments are often classified into two
major groups, batch mixers and continuous mixers, according to
thelr operations. It appears that batch mixing 1s used more
often than the continuous because of the more flexible
characteristics of the former,

Three types of mixing mechanisms exlst according to
Lacey's classification (32)

a) convective mixing

b) shear mixing

c) diffusive mixing
Commercial mixers combine two or more of these actions to
obtain mixing.

A varlety of batch and continuous mixers are described in



detaill in this work. Names, manufacturers, predominating
mechanisms, applications, features or advantages, major parts
of each mixer and mixing action are included. Construction
of each type of mixer made by different companies is shown
after respective description of the mlxers.
A. Bateh Mixers
1., Planetary Mixer (Fig. 1)
Name of Mixer: AMF Glen Dual Ratio Mixer
Manufacturer} American Machine and Foundry Company
Predominating Mechanlsm: Shear
Applications:

food products

pharmaceuticals

abrasives

cosmetlics and tolletrles
Features or Advantages:

of f~mixer loadlng

variable-speed control

easy cleaning

bowls and agltators both completely removable from the mixer
Ma jor Parts of Mixer:

mixing bowl

agitators or beaters

bowl trucks



Fige 1le Planetary Mixer (By courtesy of American Machine &
- Foundry Company )



Mixing Actlion:

Rapid and positive mixing 1s caused by planetary
mixing action. Several special and vertical agitator
designs help insure thorough incorporation of all the
ingredients in the mix.

2. Blade Mixer
a., Helicon Mixer (Fig. 2)
Name of Mixer: Cone-vertical Mizxer
Manufacturer: Atlantic Research Corporation, Mechanical
Products Division
Predominating Mechanism: Shear and convection
Applications:
processing hlgh viscosity materials such as pseudoplastic
solids, pastes, resins, gelled fuels, or rubber compounds
Features or Advantages:
mixing at precisely controlled temperature under positive
pressure or vacuum
equal efficiency with variable batch size
vessel conflguration providing maximum ratio of exposed
surface area to mix volume
adjustabie blade-to-vessel clearance providing great
flexibility of application
Major Parts of Mixer:
helicone blades
discharge slide valve

cone bowl



—————helicone blade

Fig. 2. Helicone Mixer (By courtesy of Atlantic
Research Corporation)



Mixing Actlioni
Two helicone blades rotating in opposite direction

provide driving force for top-to=-bottom mixing and for
dividing and recomblning action within the intermeshilng
cones of the bowl, Blade actlion discharges the mixture
from the mixer through a unlique slide valve with minimum
hold-up.

b. Double-arm Mixer (Fig. 3)

Name of Mixer: Double Shaft Mixer

Manufacturer: Paul O, Abbe Inc.,

Predominating Mechanism: shear and convection

Applicatlons:
chemical processing industries -- mixing of solids prior
to the introduction of liquids

Features or Advantages:
leakproof
temperature control
designed for pressure or vacuum operation
sanitary construction

MaJor Parts of Mixer:
double-blades (sigma blades or dispersion blades)
bowl

Mixing Actioni

The double blades with overlapping or tangential

arrangements force the materlals down in the center of the

bowl and to move up at the sides blending ingredients to



Fig. 3. Double-arm Mixer (By courtesy of
Paul 0, Abbe Inc.)



a uniform mixture. When tangential blades are used, it
is customary to operate at differential speeds.

3. Paddle Mixer

a. Pan-type compulsory Mixer (Fig. 4)
Name of Mixer: Cyclo-mixer
Manufacturer: PCM, Division of Koehring Company
Predominating Mechanlsm: shear
Applications:
conerete products =-- pipe, block, prestressed, precast,
flooring, walls, panels, etc.
contractors -- dams, tunnels, sllos, missile sites, or
bridges
Features or Advantages:
delivering highest quality product
smooth and round for easy cleaning
low maintenance
space saving design

Major Parts of Mixer:

10

plow~like mixing paddles rotated by a central spinner unit

Mixing Action:

Dynamic mixing action lmparts total agitation to the

mass. Arrangement is deslgned so that a combination of
angles, spacing, shape and velocity of paddles provides
a forced mixing actlon., There is no reliance on gravity

or limitation of centrifugal force which cause a more

refficient mixing action than that of drum type mixer or mill.



Fig. b,

---—————plow —like mixing paddie

Pan=type Compulsory Mixer (By courtesy of
PCM, Division of Koehring Company)

11
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b. Marion Mixer (Fig. 5)
Name of Mixer: Marlon Mixer
Manufacturer: Rapld Machinery Co.
Predominating Mechanlsms shear and diffusion
Applications)
wide range of applications =« including most kinds of
industries
Features or Advantagesi
close blade tolerance assuring accurate mixing and thorough
discharge of materials
easy cleaning
ease of maintenance
dependability and lack of obsolescence
Major Parts of Mixer:
curved, canted paddle blades
discharge gate
Mixing Actlion:

The curved, canted paddle blades scoop, lift and
tumble materials. The paddle blades overlap each adjacent
blade, insuring no unmixed pockets. All materials are
kept moving at all times and crossblending action occurs
in an axial direction. The paddle blade also creates
a cavity, into which material flows to create a turbulent
upward and downward action. The mixing action is intense,

yet gentle and does not tend to break up particles or to

damage normal materials.



i3

-——- discharge qate
____________________ paddle blode

Figs. 5. Marion Mixer (By courtesy of
Rapid Machinery Co,)
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4, Drum Mixer (Flg. 6)

Name of Mixer: Sturtevant Rotary Dry Batch Mixer
Manufacturer: Sturtevant Mill Company
Predominating Mechanismi: shear and diffusion
Applicationsi

blending dry, free-flowing granular materials
Features or Advantages:

economy

self-cleaning design and dust proof

low maintenance

indluding injector spray systems to coat or molsturize

ultra-dry materials during mixing
Major Parts of Mixer:

mixing drum

inlet/outlet gate
Mixing Action:

Materials enter chamber through chute, and are picked
up by scoops and cascaded from chamber top. Revolving
drum and swining chute force ingredients to mix with
clrcular, vertical and lateral mixing actions, Mixture
1s automaticelly discharged when chute is in proper

position.



Fig. 6-

Drum Mixer (By courtesy
Mill Company)

of Sturtevant

135
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5 » Tumbler

a., Double Cone (Fig. 7)
Name of Mixer: Double Cone Blender
Manufacturers Komline-Sanderson Engineering Corp.
Predominating Mechanlsmi shear
Applicationsi
homogeneous and heterogeneous blending of dry materlals
Features or Advantages:
efficient and genrle mixing action with complete
discharging of materials
easy cleanabllity
low maintenance and low power costs
Major Parts of Mixer:
two cones jJjolned to a relatively short cylindrical section
Mixing Actilon:

As the mlixer rotates, continuous rolling and
interfolding of materials cause the mixing action. The
disperslon disc can be used to disperse uniformly minute
additlve materlals or solid fats or pastes into the dry
materials, Aagitating elements may be mounted on the
axls of rotation to break down lumps and reduce the
segregation effect. For difficult materials, deflection
cones occupyling dead spots are used to increase particle
velocity in the trunnion area and make a more uniform

veloclty across the width of shell.



Fig.

7o

Double Cone (By courtesy of Komline-
Sanderson Engineering Corp,)
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be Twin-shell Mixer (Fig. 8)
Name of Mixer: P-K Twin Shell Solids=Solids Blender
Manufacturer: The Patterson-Kelley Co., Inc,
Predominating Mechanlism: shear and diffusion
Applications)
blending of dry, and free flowling materials
features or Advantages:
preclise and gentle blendlng
vacuum or atmospherlec operation
nonsymmetrical shape about the axls of rotation to cause
better mixing than that of other tumblers
eomplete dlscharge
easy cleaning
low maintenance and low installed cost
Major Parts of Mixer:
two opposed simple cylinders formed into a "v"
central discharge valve at the bottom
Mixing Actlon:
Sollds are tumbled and intermeshed to give a fast and
precise mixing. A removable intensifier bar can be placed

at the axis of rotation to break up agglomerates.

6., Muller (Fig. 9)

Name of Mixer: Muller-type Mixer
Manufacturer: Clearfield Machine Comp.

Predominating Mechanismi shear



Figo 8.

Twin-shell Mixer (By courtesy of the
Patterson Kelley Co., Inc.)

iy



s ———————————discharge chute

P o o sy e (B

-——muller wheels

- — — ——agifator

Fige. 9. Muller (By courtesy of Clearfield Machine Comp.)
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Applications:
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foundry sand (primarily)

chemical industry

glass industry

refractorlies

paint and plgments

ceramlc

floor and wall coverings

electrical procelain

powder metallurgy

Features or Advantages:

mulling == more uniform coating of sand grains with wetted

bond

reduction -- the breaking down of lumps

slze control -- maintenance of graln size and structure

tempering -- more efficlient dispersion of molsture at the

aeration ==

flowability
capacity --

bond saving

fastest possible rate
the introduction of air into the sand mass,
making it easy to ram in the mold and permeable
for the escape of hot gases when the casting is
poured
-~ Without the use of other auxiliary equipment

to develop this characteristic

the production of the maximum quantity sand
in the least possible time

-~ more uniform coating of sand grains requires
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less bond
economy and convenlence
protection -- safety of workmen against health and accident
hazards
cooling without auxiliary equipment
batch or continuous mixing -- bateh mixing changing into
continuous mixing by using deflector and disec plow to
control the spiral action pattern of centrifugal force;
the discharge disc, in additlon to having an aerating and
disintegrating effect, having the function of mulling
time control

MaJor Parts of Mixeri
agitator
mullers
dise
pan

Mixing Action:

Two muller wheels, whose elevation 1is usually
adjustable, roll on a bed of material while the pan revolves
In the opposite direction. 8Sliding, twisting and grinding
can then be obtalned simultaneously. The disc, with edge
conforming to the curvature of the rim, scrapes and directs
the material in the path of the rollers. The agitator
gives an addlitional stlrring and beating action and also

trys to move the substance off the bottom of the pan,
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7o Mill (Fig. 10)

Name of Mixers Cylinder Mixer

Manufacturer: Paul O. Abbe Inc.

Predominating Mechanism: shear

Applicationsi
blending dry free-flowing materials or dry, free-flowing
materials with agglomerates

Features or Advantages:
able to grind, mix, and disperse dry or wet products in the
one machine, without mechanical adjustments of any kind
fast and efficlent mixing
temperature control
continuous operation obtained with special design

Major Parts of Mixer:
grinding medla -« pebbles or steel balls
mill ends supports

Mixing Actioni

Tumbling accompanlied by a grinding action,

8, Ribbon Mixer (Fig. 11)

Name of Mlxer: Patterson Ribbon Mlxer
Manufacturer: Patterson-Ludlow Division, Bauner Industries, Inc.
Predominating Mechanismi: convection and diffusion
Applications: Mixing dry powders, granular materials or
plowing pastes
Features or Advantages)

specially engineered paddles also furnished for specific

























































































































































































































































