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Perhaps you’ve been in a situation where you find
that a new product can be made from your existing
stock of raw materials, but you don’t have the neces-
sary equipment, capital, or manufacturing capacity
to do so. Many bulk materials manufacturers in this
situation contract a toll processor. A toll processor
can perform several manufacturing services for
you, allowing you to expand your operations with-
out having to expand your plant. This article dis-
cusses several services toll processors offer,
including size reduction, blending, classification,
compounding, testing services, and others.

Toll processing — also known as custom processing
and contract processing — is performing a manu-
facturing service for a manufacturer for a fee. For

example, a bulk solids manufacturer wants to blend prod-
uct A with product B at a 5 percent level by weight but
doesn’t have the proper equipment in-house to perform the
blending operation. The manufacturer then contracts with
a toll processor to perform the blending operation. The
manufacturer may send the raw materials to the toll
processor, or the toll processor may procure them. The toll
processor blends the raw materials together to produce the
finished product. The toll processor then sends the finished
product back to the manufacturer, who prepares it for mar-
ket distribution. 

There are many benefits to having your materials
processed by a toll processor. For example, you can make

a product for a specific market for years and then find that a
new market exists for the same product if it’s ground finer,
dried, blended with another product, or packaged differ-
ently. However, you may not have the necessary capital or
manufacturing capacity to produce the new product. A toll
processor can provide the required processing method or
manufacturing capacity to make your new product quickly
and cost-effectively.

Consider these toll processing benefits when deciding
whether to use a toll processor:

• You won’t have capital investment in or depreciation of
new equipment.

• You won’t have extended lead times for equipment deliv-
ery and installation.

• You won’t have in-house engineering requirements.

• You won’t have maintenance or spare parts requirements.

• You won’t have additional personnel or floor space 
requirements.

• You won’t need new permits for dust collection discharge.

• You will have predictable manufacturing costs. 

• You will have quick turnaround times.

In addition, you can make use of the toll processor’s pro-
cessing expertise. Typically, the processor has experience
in processing several materials under many conditions.
This experience can help you establish the best manufac-
turing methods and procedures to ensure that you meet
your product’s processing specifications, such as particle
size distribution and moisture content.

Can toll processing improve your 
bottom line?
Rick Ritter, Bill Mitchell, Dan Bopp, and Dennis Sarno WEDCO
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Toll processing services

A toll processor can provide some or all of the following
services:

• Size reduction

• Blending

• Classification

• Compounding

• Packaging

• Procurement

• Warehousing

• Testing services

• Analytical services

Of these, size reduction is the service most frequently used
because of the high capital, operating, and maintenance
costs of in-house size reduction operations.

Size reduction

A size reduction machine uses one of several methods —
cutting, pulverizing, crushing, impacting, or impingement
grinding — to reduce a material’s particle size. Most toll
processors operate several types of size reduction equip-
ment because no universal size reduction machine exists
that can do it all. When determining which size reduction
equipment to use, a toll processor looks at the properties of
the material to be reduced. These include material hard-
ness (typically classified according to the Mohs’ hardness
scale), heat sensitivity, moisture sensitivity, abrasiveness,
friability, explosiveness, and the initial and desired parti-
cle size. Depending on the size reduction equipment used,
materials can be reduced to specific particle sizes ranging
from coarse to colloid grades, as shown in Table I. 

Shredding. A shredder reduces nonfriable, bulky materials
such as plastics, rubbers, and wood scraps to 2- to 6-inch
chunks. The shredder relies on low-speed, high-torque ro-
tating shafts powered by electric or diesel motors. The
shafts drive a series of intermeshed cutting discs and spac-
ers that rip, tear, and shear materials into coarse and
medium-coarse pieces. The shredder is typically used in re-
cycling operations and is often the precursor to further size
reduction.

Rotary knife cutting. Rotary knife cutters include preci-
sion cutters, granulators, blow-through cutters, pelletizers,
and guillotine cutters. A rotary knife cutter reduces large
thin pieces or small thick pieces of nonfriable materials
such as paper, plastics, and rubbers to medium-coarse (1⁄8-
to 1-inch) pieces. The rotary knife cutter typically uses a
shaft with a mounted knife (or knives) that rotates toward a
stationary bed knife (or knives) to cut and shear materials
between the blades. A perforated metal screen, located

below the knives, retains oversized material until it’s
processed to the proper size. Various screen mesh sizes
allow particles to be reduced to multiple size ranges. 

The number of rotating knives and fixed knives depends on
the machine’s size and function. The rotary knife cutter is
available in several sizes (listed as knife-tip-to-tip length by
shaft length) ranging from small laboratory equipment up
to large production machines and can be powered by a
motor ranging from 2 up to hundreds of horsepower. The
rotary knife cutter can be used in applications as varied as
recycling thin plastic film and reducing full bales of rubber. 

High-speed impact milling. High-speed impact mills in-
clude hammermills, pin mills, counter-rotating pin mills,
cage mills, turbo mills, and universal mills. A high-speed
impact mill reduces nonfriable and friable materials such
as wood waste, sheet pulp, plastics, coal, chemicals, lime-
stone, and fertilizer to medium-fine and fine (10- to 200-
mesh) pieces. The material to be reduced enters the mill’s
housing and is impacted by a rotating assembly of ham-
mers, pins, or cages. As it rotates, the assembly throws the
material centrifugally outward where the hammers, pins,
or cages grind it against a perforated screen for further size
reduction. The final product’s size is controlled by the as-
sembly’s rotating speed and the perforated screen at the
discharge port. A high-speed impact mill is available in
several sizes ranging from small laboratory equipment up
to large production machines.

Air-classifying milling. An air-classifying mill reduces fri-
able materials such as polyesters, epoxies, acrylics, and sugar
to fine and superfine (150- to 400-mesh) pieces. The material
to be reduced first enters the mill’s high-speed impact grind-

Table I

Size reduction gradesa

Particle size

Size reduction Mesh
grade Micron Millimeter (approximate)

Coarse >100,000 >100 –

Medium coarse 10,000 10 2

Medium fine 1,000 1 18

Fine 100 0.1 150

Superfine 25 0.025 500

Ultrafine 10 0.010 1,250

Colloid 5 0.005 2,500

a Note: Information is from the American Institute of Chemical Engineers, 
copyright 1992 AIChE.
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ing chamber where a fixed-speed, rotating grinding plate with
fixed hammers reduces it. Air moving through the mill then
carries the particles to the classifying chamber where the clas-
sifier wheel rejects oversized particles and directs them back
to the grinding chamber for further size reduction. The mater-
ial circulates through this closed-loop environment until it’s
been reduced to the appropriate particle size. The classifier
wheel’s speed and the mill’s airflow rate are adjustable to
allow for a wide range of particle sizes. Heated or chilled air
can enhance an air-classifying mill’s performance.

Attrition milling. An attrition mill, also called a disc mill, re-
duces friable materials such as grains, thermoplastics, and
metal powders to medium-fine and fine (15- to 200-mesh)
pieces using discs with grinding surfaces such as machined
teeth. An attrition mill can be one of two types: single runner
or double runner. The single-runner mill is more common
and has one stationary disc and one rotating disc, while the
double-runner mill has two rotating discs. The material to be
reduced enters the mill’s grinding chamber through a chute
near the discs’ centers and is ground to the desired particle
size between the discs as they rub against each other. The fin-
ished product exits through a discharge port, which may be
covered with a perforated screen, at the chamber’s periphery. 

Three factors that determine the product’s final particle
size are the discs’ grinding surfaces, including the number,
depth, and shape of the grinding teeth; the distance be-
tween the discs during grinding; and, if used, the perfo-
rated screen’s mesh size at the discharge port, which also
recycles oversized particles. Both single-runner and dou-
ble-runner mills are available in sizes ranging from small
laboratory equipment up to large production machines. 

Jet milling. Jet mills include fluidized-bed mills, opposed-
nozzle mills, and multiple-port mills. A jet mill reduces fri-
able, abrasive, and heat-sensitive materials such as metal
oxides, graphite, rubbers, and soft waxes to fine and colloid
(150- to 2,500-mesh) pieces. The jet mill uses high-velocity
streams of pressurized elastic fluid — compressed air, an-
other gas, or super-heated steam introduced through spe-
cially designed nozzles — and centrifugal force to
simultaneously grind and classify particles by accelerating
the material in the grinding chamber, causing high-speed
particle-on-particle collisions. Some jet mills use a variable-
speed classifying wheel to control particle size. As the elas-
tic fluid expands in the grinding chamber, a cooling effect
takes place, allowing heat-sensitive material to be processed
without degradation. A jet mill is available in several sizes
ranging from small laboratory equipment up to large pro-
duction machines.

Cryogenic grinding.Cryogenic grinding technology can be
adapted to most size reduction equipment. It’s most com-
monly used with high-speed impact mills and attrition mills.
Cryogenic grinding reduces heat-sensitive and nonfriable
materials such as spices, plastics, organic dyes, and rubbers to

medium-fine and fine (20- to 200-mesh) pieces. When reduc-
ing a heat-sensitive, nonfriable material, a toll processor either
mixes cryogenic fluid directly with the material in the grind-
ing chamber during grinding or embrittles the material by ex-
posing it to a cryogenic fluid prior to grinding. The most
commonly used cryogenic fluids (called cryogens) are liquid
nitrogen and liquid carbon dioxide. A cryogen can lower ma-
terial and grinding temperatures to -300°F, which increases
the machine’s particle size reduction capabilities by making a
nonfriable material friable and minimizing the heat generated
during grinding. Cryogenic grinding technology is also used
in size reduction operations requiring inert atmospheres, such
as those handling explosive or flammable materials.

Blending

You may want to supply your product that contains several
materials recombined and repackaged as a new product.
However, to manufacture the product you would need new
mixing and blending equipment that you can’t afford or
don’t want to invest in. A toll processor offers you an af-
fordable alternative to installing costly mixing and blend-
ing equipment that you will only use intermittently. 

The type of equipment used in mixing and blending op-
erations depends on the materials to be combined. Cer-
tain blenders cause more degradation or generate more
fines than is acceptable in a particular application, while
others generate friction that can be detrimental to heat-
sensitive materials. That’s why a toll processor generally
has several types of mixing and blending equipment
available. For most powder blending applications a toll
processor uses either mechanical agitation blenders or
rotating vessel blenders.

A mechanical agitation blender uses motor-driven agita-
tors to agitate the materials in its stationary vessel until
they are mixed together. Examples are ribbon blenders and
conical-screw blenders, which both can operate in contin-
uous mode and handle cohesive materials, such as plastics,
pharmaceuticals, and spices. 

A rotating vessel blender has a rotating vessel that spins
until the materials are mixed together. Examples are dou-
ble-cone mixers (also called V-mixers) and drum tumblers,
which both typically operate in batch mode and handle
materials such as chemical powder blends, fertilizers, and
plastic compound preblends. 

Classification 

The demand for materials with finer and sharper particle
size distributions is becoming the norm in many bulk
solids processing industries. But often the only way plants
like yours can afford to accomplish these types of particle
size distributions is to use a toll processor. Depending on
your application’s requirements, a toll processor can
achieve particle classification by one of two methods. 
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The simplest method uses sieves, which are primarily for
coarse through fine grades of material. Sieves use screens
with a specified mesh size to separate the particles, and vi-
bration or air fluidization is applied to the sieves to main-
tain particle flow through the screens. The toll processor
can stack the sieves to classify a range of particle sizes
greater than 100 microns. 

The second classification method is air classification. An
air classification machine uses air velocity to separate ma-
terials based on particle weight and size. It classifies parti-
cles ranging from 1 to 100 microns. Many air classifiers
use a vaned wheel to control the particle size distribution. 

Compounding

Compounding is the process of melt-mixing thermoplas-
tic resins, natural and synthetic rubbers, or thermoset
resins to enhance a polymer’s final properties. Natural and
synthetic rubbers are routinely compounded with other
additives or added to plastics to enhance the finished prod-
uct’s characteristics. 

You can avoid large capital investments in compounding
equipment by having your specific formulations com-
pounded by a toll processor. This is especially helpful dur-
ing your product’s development phase when the end market
demand for the product is uncertain. The toll processor of-
fers a range of equipment that is suitable for both your trial
and full-production runs. This range of primary and auxil-
iary equipment also gives the toll processor the flexibility to
reconfigure its lines to run a variety of materials. The
processor normally compounds simple formulations with a
Banbury mixer or single-screw extruder and uses more so-
phisticated equipment, such as a continuous mixer or twin-
screw extruder, for compounding complex formulations. 

Packaging

Customers are becoming more demanding about the types
of packages they receive products in. Many toll processors
can custom-package your product to suit your customer’s
needs. The processors can also receive and ship materials
in bulk railcars, bulk trucks, international shipping con-
tainers, gaylord boxes, drums, bulk bags, 50-pound bags,
and smaller packages. The processor can also custom-
label the package to meet your customer’s requirements.

Procurement

A toll processor can procure your raw materials for you by
purchasing them directly from suppliers. Often, the toll
processor can purchase a greater volume of raw materials
at a smaller cost per unit than you can because the toll
processor buys for many customers, placing larger and
more frequent orders, and thus acquiring greater buying
leverage than you can. Once the processing is done, you’re

charged for both the raw materials and the processing.
This arrangement is especially advantageous if your com-
pany is small, your cash flow is limited, and your orders
are relatively small. 

Warehousing

Since a toll processor deals with a large number of cus-
tomers, it needs to have adequate storage facilities to hold
both the raw materials to be processed and the finished
products after they’re manufactured. Often, the toll
processor will offer additional warehouse and storage
space to you so that you don’t have to transport the finished
product back to your plant or a centralized warehouse.
This reduces your freight costs because the finished prod-
ucts can be shipped directly from the toll processor to your
customer. 

Testing services

A toll processor is likely to have pilot-testing equipment in
its plant. Pilot-testing equipment is scaled-down produc-
tion equipment that allows the toll processor to process
small quantities of your raw materials for evaluation prior
to starting full-scale production. By running these tests, the
toll processor can evaluate each raw material in a controlled
environment and can often predict how it will behave when
it goes into full-scale production. With this information, the
processor can modify equipment, define processing para-
meters, and give you pertinent data — such as expected
throughput rates and estimated processing costs — to help
you determine the finished product’s cost.

Analytical services

For the toll processor, quality assurance is an integral part
of doing business. Because the toll processor deals with
many raw materials and performs several processing oper-
ations, it must be able to analyze the finished product to
verify that it meets your requirements. To do this, the
processor must have a fully equipped analytical laboratory
with instruments such as sieves and laser diffraction equip-
ment for both wet and dry particle analyses, along with
other types of specialty analysis equipment. The proces-
sor’s properly equipped analytical laboratory ensures that
the finished product will always meet your quality assur-
ance standards. 

Selecting a toll processor

Selecting a toll processor isn’t as simple as choosing the
one that’s the closest or cheapest. You should consider
your toll processor an extension of your company and your
partner in quality, because it will most likely be the final
sentry between product defects and your customers.

Once you find a toll processor that can handle your spe-
cific processing needs, it’s critical to review the proces-
sor’s quality assurance and quality control procedures,
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tinuous runs. To speed up testing, give the processor de-
tailed specifications on maximum particle size, particle
size distribution, moisture content, bulk density, tempera-
ture limitations, and other finished product requirements.

The final decision to contract your bulk solids processing
operation, as well as your choice of toll processor, should
be based on whether the processor will make your life eas-
ier, reduce your capital investment risk, and give you a
competitive advantage while adding to your bottom line.

PBE

Bill Mitchell is manager of engineering, and Dennis
Sarno is regional sales manager at the company.

because the potential for problems in any process is great
whether it’s done outside or in-house. Only the most expe-
rienced and diligent toll processor will be able to avoid
contamination, off-spec material, over- or under-weight
packages, late shipments, and other problems. This is why
many toll processors will trace your material from its ar-
rival at the processor’s plant through its departure.

When possible, it’s a good idea to visit the toll processor’s
plant. This should give you a clear picture of what your
material will be exposed to and how it will be processed. 

Often, the toll processor will require a feasibility test be-
fore furnishing you with pricing for large batches or con-
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