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Carbon black: why quality matters
Executive summary

As automobile demand grows, and their performance continues to improve,
the role of the material used in the manufacture of car tires has started to play
a major factor in the comfort and safety aspects of automotive design.  

Carbon black is an additive in the rubber used to manufacture tires which,
when compounded into the polymer matrix, significantly improves tensile
strength and abrasion resistance. 

Improved rubber chemistry and tire design are creating exciting new tires
that offer ever greater mileage and performance under extreme weather condi-
tions. 

However, the carbon black manufacturing operation also produces an impu-
rity known simply as “grit” which, since the average grit size is several times
larger than the clustered carbon black particles, if left in there with the carbon
black will significantly and adversely impact the tire manufacturing equipment
as well as the final quality of the tire. 

Reducing these grits using high-speed grinding mills, down to a size whereby
they are rendered harmless, is the focus of this paper.

By Tom Patnaik & Bill Brown
Hosokawa Micron Powder Systems

Carbon black is virtually pure 97 per-
cent-plus elemental carbon, constituting
the vast bulk of material (called “filler”)
in your car tire, as well as printing inks,
coatings, and many other rubber and
plastic products in use today. 

A top-50 industrial chemical with
about 10 million metric tons produced
worldwide annually, carbon black finds
its way into a myriad of different uses
based upon certain properties fixed at
the time of production and subsequent
enhancement.

Carbon black has been around for
thousands of years, better known as
“lamp black.” It has been produced dur-
ing the burning of oil-lamps or candles,
essentially the dark component of
smoke. 

Over the last century, the ability of
carbon black, used as a filler to signifi-
cantly enhance the property of any base

polymer matrix (such as rubber used to
manufacture automotive tires) while
lowering its cost, became evident. 

With the growth of the automotive
industry and the parallel growth of
plastics since World War II, the study
and use of carbon black took hold and
grew. 

Uses of carbon black
With about 90 percent of carbon black

used in rubber applications, more than
80 percent is used in the automotive

market alone, the vast bulk as “filler”
for car tires that gives them their dis-
tinctive black color and imparts certain
desirable properties (outlined in Table
I). 

Less than 20 percent finds use in non-
automotive applications such as in the
production of printing ink, plastics,
black mulch, etc. 

Because of the critical and overabun-
dant role it plays in the automotive tire
segment, several grades of carbon black
have been developed to produce differ-
ent tire qualities, which in turn, com-
mand premium prices in the market. 

As polymers replace metal in automo-
tive manufacturing, and also as car
speeds, tire design and performance
continue to improve, the demand not
just for any carbon black, but special

grades of carbon black, continues to
grow at a rate much faster than the rest
of the market. 

Carbon black is also used in many
molded and extruded industrial rubber
products such as belts, hoses and gas-
kets, as well as vibration isolation pads,
among a myriad of other components. 

Carbon black can also be found in
plastics in conductive packaging, indus-
trial trash bags, household appliances
and blow-molded containers. 

It is also used to provide UV-protec-
tion in a number of coating applications
and in electrostatic discharge com-
pounds. Because of its unique physical,
chemical and electrical properties, car-
bon black use is sure to expand.

How is carbon black produced?
Carbon black is the product of incom-

plete combustion of a hydrocarbon. 
While there are about a half-dozen

manufacturing processes, just about all
carbon black in the world is produced by
one of two methods: (a) the thermal
black process, or (b) the furnace black
process. 

Both processes involve essentially the
same steps, but the thermal black
process uses natural gas as the feed-
stock, whereas the more prevalent fur-
nace black process uses heavy aromatic
oil as the feedstock. 

The feedstock is introduced as micro-
droplets (atomized) into an intensely hot
combustion chamber or reactor main-
tained under controlled conditions of
temperature and pressure, with the re-
action rate being controlled by the injec-
tion of water or steam. 

The feedstock pyrolyzes, producing
carbon black particles which are cooled

and removed from the process gas
stream using bag-filters, and may then
be pelletized and bagged for transporta-
tion, or further processed to achieve cer-
tain qualities (see Fig. 1). 

The thermal black process using natu-
ral gas uses two furnaces that alternate
every five minutes between pre-heating
and production, with the carbon black
particles produced being then quenched
and captured in bag-filters, followed by
further processing to remove impurities,
pelletized, screened and packaged for
transportation.

Studies have shown that a pure gum
vulcanizate of styrene-butadiene (SBR,
or synthetic rubber), which has a tensile
strength of less than 2.5 MPa with al-
most non-existent abrasion resistance, if
compounded with 50 percent by weight
of carbon black has much higher tensile
strength and wear resistance (see Table
I). 

Therefore, the carbon black grade
chosen for a given compound can great-
ly influence the properties of the com-
pound, as well as have a large impact
on the methods used to process the
compound. 

The two processes especially impacted
by the carbon black grade are mixing
and extrusion. 

Effective mixing or “dispersion” of the
carbon black in the polymer matrix is
important, as mixing time can be a ma-
jor bottleneck in the tire manufacturing
process. 

While larger particles produce good
dispersion relatively quickly, finer par-
ticles can be difficult and may require
more than one pass through the mixer.
When the rubber stock is extruded
through a die, it exhibits “elastic mem-
ory,” a phenomenon that produces
swelling. 

Technical

Table I. Types of carbon black used in tires.

Fig. 1 Furnace black process.
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Fig. 2 Sequence of structure development.

Fig. 3. Long gap mill.
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Carbon black improves the extrusion

properties by inhibiting elastic memory,
and this ability to reduce swelling is a
direct function of increased surface area
and structure. 

However, presence of impurities,
known as “grit,” can sharply reduce
screen life as well as the life of the ex-
trusion die and other compounding
equipment used in the tire manufactur-
ing process.

Carbon black has four fundamental
properties, in addition to being inex-
pensive and relatively easy to produce,
that makes it more than just simple
filler—it significantly enhances the
properties of the polymer matrix (rub-
ber) system. 

These are: 
● particle size; 
● structure; 
● specific area (surface area per unit

volume); and 
● surface activity.
The carbon black particle size is most-

ly in the nanometer range (anywhere
from 8 to 100 nm) with particles often
aggregating in grape-like clusters to 500
nm. 

The quicker the reaction time, the
smaller the particles and better the final
properties. 

But the combustion process, especial-
ly in the vertical furnace, also produces
carbonaceous impurities known as grit
that are considerably larger than the
carbon black particles, and present cer-
tain challenges when the carbon black is
used as a filler in the polymer matrix in
automotive tires, and hence, the grit
have to be either removed or ground fine
or size-reduced. 

The effect of smaller particle size of
carbon black in rubber is multi-fold,
namely, increased tensile strength and
abrasion resistance, reduced rebound
and decreased dispersibility. 

The next two properties listed above,
i.e., structure and specific area, impact
greatly the ability of the elastomer (in
which the carbon black is mixed) to be

extruded during the manufacturing
process, and as such, this is often the de-
termining criteria for selection of higher
grades of carbon black in automotive
tire manufacturing. 

As mentioned above, the structure of
carbon black especially as particle ag-
gregates, act as short fibers in the poly-
mer matrix, producing a stiffening effect
that inhibits elasticity and swelling. 

Finally, surface activity of carbon
black is a little understood area that
greatly affects the reinforcement poten-
tial of carbon black in rubber. 

Suffice to say that surface activity is
the ability of carbon black surface to im-
mobilize the polymer, and greater sur-
face activity of carbon black in rubber
produces increased abrasion resistance,
rebound and modulus.

Grit: impact and measurement
Grit, as mentioned in the last section,

is an impurity in carbon black and af-
fects the polymer matrix into which the
carbon black is dispersed in much the
same manner as sand inclusions impact
the quality of metal castings. 

Grit significantly affects the tensile
strength and other mechanical proper-
ties of rubber. 

Additionally, its presence in carbon
black impacts adversely the extrusion
screen life in automotive tire manufac-
turing. 

While a certain amount of grit up to a
certain size may be accepted (depend-
ing on what is agreed upon by producer
and user), the grit has to be either re-
moved or reduced sufficiently in size so
as to become an integral part of the ma-
trix. 

For automotive tires, while coarser
grit affects tensile strength and abra-
sion resistance, fine grit is generally not
considered detrimental.

The amount of grit present in a sam-
ple of carbon black is measured by
washing a measured amount of the car-

bon black on a specified screen size, un-
til all of it is washed away and all that
remains on the screen is grit (ASTM
1514). 

This insoluble residue, when dried
and weighed, is expressed in mg/kg (or
ppm) of the original sample, as an indi-
cation of the quality of the carbon
black. 

The smaller the ppm, the greater the
ability of the carbon black to increase
the tensile strength and wear resistance
of the polymer it is dispersed in. 

As such, finer grinds of grit and car-
bon black not only expands the market
but also allows that brand to move from
being a commodity to more of a specialty
product, thereby being able to command
a price premium and a loyal clientele.

Grit size-reduction
Because it has become more difficult

for carbon black manufacturers to com-
pete with a stable of commodity prod-
ucts and keep up with demand for a re-
duced-grit or fine-ground grit carbon
black for the growing global automotive
market, it has become not just necessary
but in many ways a matter of survival
for carbon black manufacturers to in-
stall specialized milling devices as part
of their production process for grit and
residue control. 

Developing cleaner, near grit-free car-
bon black that adds strength, durability
and enhanced performance to automo-
tive tires, enables the carbon black man-
ufacturer to differentiate itself in this
competitive market and command high-
er prices, generating more revenue and
higher profit margins.

The milling technology that is preva-
lent today is unable to lower grit levels
below 100 PPM + 325 MESH for most
grades with feed residues above 500
PPM. 

Product quality is often measured in
terms of residues at +35 MESH and +
325 MESH. 

However, there are milling systems
such as air classifying mills (ACM) and
long gap mills (LGM) that are capable of
producing < 5 PPM + 325 MESH and <

10 PPM + 500 MESH.
Hammer and screen mills utilize stat-

ic screens to control residence time in
the mill and end product particle size. 

The size of the screen affects the prod-
uct size as well as capacity. 

Screens are not only an inefficient
method to control particle size but are
also a weak point in the system, suscep-
tible to breakage from foreign tramp
material or over-feeding of carbon
black. 

Both the LGM and ACM employ a dy-
namic air classifier, not a static screen,
to control particle size (residue levels). 

These technologies dramatically im-
prove size reduction efficiency and the
quality of CB. 

Long gap mills
A long gap mill (LGM) employs two

mechanical stressing mechanisms to re-
duce the size of the particles. 

The primary force is particle-to-parti-
cle attrition caused by the vortices creat-
ed by the passing tip of the beater
blades in close proximity to the multiple
deflector liner. 

The secondary stress mechanism is
mechanical impact caused by the direct
contact of the hammers/beater blades
against the fluidized powder. 

The combined stressing mechanism
accounts for about 70- 80 percent attri-
tion and 20-30 percent impact. 

Residence time is greatly increased,
as the material dispersed in a single
main air stream must pass through a se-
ries of stacked rotors prior to the materi-
al and air being presented to a dynamic
forced vortex air classifier.

The classification zone, with a dynam-
ic classifier and coarse product recircu-
lation, is the key to the success of the
LGM for carbon black applications. 

The highly efficient integral classifier
can operate at high tip speeds yielding
ultra fine cut points. 

Oversize particles are rejected by the
classifier and exit the mill through a
controlled outlet gate. 

The LGM is equipped with a propri-
Fig. 4. Mikro-LGM flow pattern.

Fig. 5. Air classifying mills.

Fig. 6. Mikro-ACM enhanced ACMe flow
pattern.
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viduals in the field of microniza-
tion (size-reduction) of powders. 
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See Black, page 18
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etary eductor mechanism, developed to
return rejected particles back to the
stacked rotor assembly. 

By rejecting oversize particles exter-
nally, products with unprecedented low
residue levels are realized. 

The LGM is designed to operate in hot
process gas streams typically in the
range of 100 to 200°C. 

In addition, the LGM can be installed
in-line, downstream of the primary bag
filter(s). 

The in-line mill requires very little
floor space, the need for additional ancil-
lary components, hence minimizing con-
struction and installation costs.

The LGM is a leading technology for
carbon black grit reduction, producing
the cleanest, best quality product, capa-
ble of achieving as low as 1-2 PPM +
500 MESH for most grades of carbon
black. 

Those carbon black manufacturers
seeking higher profit specialty applica-
tions can surely benefit by incorporating
a LGM into the process. 

Many domestic and international
equipment manufacturers produce long
gap mills.

Air classifying mills
For those carbon black applications

that require a cleaner product, but not
to the exacting standards of single-digit
PPM of a +500 mesh grit, a less expen-
sive option is an air classifying mill
(ACM). 

Feed material dispersed in the pri-
mary air stream from the bag filter of
the reactor is routed under the impact
rotor. 

The ACM rotor is equipped with spe-
cial plate hammers and a hybrid multi-
ple deflector liner. 

The ACM also employs two mechani-
cal stressing mechanisms to reduce the
size of the particles. 

The primary stress mechanism is me-
chanical impact caused by the direct

contact of the hammers/beater blades
against the fluidized powder. 

The secondary force is particle-to-par-
ticle attrition caused by the vortices cre-
ated by the passing tip of the plate ham-
mers in close proximity to the multiple
deflector liner. 

The combined stressing mechanism
accounts for about 80-percent impact at-
trition and 20-percent attrition.

Feed material dispersed in the pri-
mary air stream from the bag filter of
the reactor is routed under the impact
rotor and is conveyed through a specific
annular gap between the plate hammers
and liner. 

The milled particles pass from the
grinding zone through the elongated
ACM chamber to an independently driv-
en forced vortex air classifier. 

The dynamic integral classifier oper-
ates at high tip speeds; oversize parti-
cles are rejected by the classifier and
exit the mill through a controlled out-
let gate. 

The ACM is equipped with a propri-
etary eductor mechanism, developed to
return rejected particles back to the
primary mill inlet/grinding zone. 

The combination of feeding from be-
low the rotor disc and externally recy-
cling the coarse particles improves the
grit reduction capability for low density
materials such as carbon black. 

Similarly, the ACM is designed to op-
erate in hot process gas streams typical-
ly in the range of 100-200°C, and can be
installed in-line, downstream of the pri-
mary bag filter(s). 

The in-line mill requires very little
floor space, the need for additional ancil-
lary components, hence minimizing con-
struction and installation costs.

The ACM is a considerable improve-
ment from existing size reduction tech-
nologies whether it is a hammer and
screen mill or other type of mechanical
impact mill with integral classifier. 

The ACM has a proven track record,
successfully replacing other milling
technologies and achieving grit levels as
low as 1-2 PPM + 500 MESH for some
grades of carbon black. 

Many domestic and international

equipment manufacturers also produce
air-classifying mills.

Typical performance: grit reduction
In general, the performance of the

mill, whether it is the LGM or ACM, is
dependent upon the level of grit and
type of grit in the feed material. 

Therefore, it is imperative that confir-
mation trials are performed on a pilot
size mill to establish milling parame-
ters, product quality data and capacity
figures. 

Table II shows a combination of actu-
al data from both testing and current
mill installations.

Process integration
Either mill can be installed either off-

line with dedicated conveying and pneu-
matic ancillaries or in-line after the re-
actor bag filter(s). 

If installed in-line, the LGM or ACM
can be sized to meet the capacity of the
grade(s) of carbon black to be processed.
The size of the LGM or ACM can be de-
termined from testing. 

Often a particular grade of carbon
black is conveyed from the bag filter at a
specified air to carbon black ratio, typi-
cally in the range of 40:1 to 50:1 pounds
of carbon black per standard cubic foot
of air volume (lb:SCF). 

Both mills can be configured to meet
the criteria and produce the grades to
the desired specifications.

Typical capacities range from 200
kg/h to about 7.5 t/h depending on the
grade of carbon black and desired end
product quality. 

Hosokawa offers the ACM from a 10
HP pilot size mill at a nominal air flow
rate of 500 SCFM up to a 300 HP mill at
a nominal air flow rate of 15,000 SCFM. 

The LGM ranges from pilot size (30
HP rotor/600 SCFM nominal air vol-
ume) up to a model with a 300 HP rotor
at a nominal air volume of about 10,000
SCFM.

It is important to note that in a com-
parison between the LGM and ACM, the
LGM in almost every case tested pro-
duces a cleaner (lower grit level) product
versus the ACM with improved screen
life. 

However, the improvement in prod-
uct quality can be realized with the
LGM but at higher energy consump-
tion. 

The stacked rotor assembly combined
with narrow clearances between the
hammer plates and liner of the LGM
contribute to a higher pressure drop as
compared to that of the ACM. 

The LGM requires higher pressure
conveying blowers to handle the higher
mill differential pressure, thus larger

motors consuming more electrical ener-
gy. 

Is the increased cost to produce a
higher quality grade of carbon black us-
ing the LGM worth it? The selection de-
pends on the potential market price of
the value-added product. 

Summary and conclusion
As the number of automobiles world-

wide continue to increase, and their per-
formance continue to improve, carbon
black promises to play a bigger role and
annual production of this industrial
chemical is almost sure to continue
tracking gains in rubber demand. 

However, the presence of grit and oth-
er impurities will also require greater
attention and test the carbon black
manufacturer’s ability to manage if not
eliminate its presence in the final prod-
uct. 

The manufacturer that is successful
in doing so will almost certainly com-
mand greater customer loyalty, expand-
ed market presence—and of course, pre-
mium pricing.

Historically, over time, the finer Su-
per Abrasion N110 grade of carbon
black has seen significant demand—
and therefore price—increase, com-
pared to the coarser general purpose
grades. 

In addition, the finer grades of carbon
black enjoy smaller price elasticity of
demand, in the range of -0.8 or lower,
meaning that a single unit of price in-
crease does not impact demand as
much, allowing manufacturers that fo-
cus on finer grades to not only com-
mand better margins, but also demand
fluctuation for their carbon black is
minimized.

Both types of mills described, the
LGM and ACM, are cost effective meth-
ods to manage an intractable problem,
while presenting several advantages
over the conventional mills in use, in-
cluding:

● Greater capacity available from a
single machine

● Can be retrofitted in-line in an exist-
ing process

● Produces a much finer product and
be able to command premium pricing

● Versatile and flexible; either mill
can be adjusted to handle various
grades of carbon black

● Production of a value-added product
to satisfy the demands in a niche mar-
ket at higher sale price and higher profit
margin.

Being able to see this, and make the
changes necessary to implement it, will
set apart the winners from the others in
the highly competitive world of carbon
black manufacturing.

Black
Continued from page 17

Table III. Carbon black price trends.

Fig. 7. Carbon black pulverizer system Mikro-LGM long gap mill.

Table II. Data from testing and current mill installations.
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