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Carbon Black-Void Volume at Mean Pressure
This standard is issued under the fixed designation D7854; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers a procedure to measure a carbon
black structure property by Void Volume at mean pressure.
Compressed void volumes are obtained by measuring the
compressed volume of a weighed sample in a cylindrical
chamber as a function of pressure exerted by a movable piston.
A profile of void volume as a function of pressure provides a
means to assess carbon black structure at varying levels of
density and aggregate reduction. For the purposes of standard-
ized testing a single value of void volume is reported at 50 MPa
mean pressure.

1.2 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D1799 Practice for Carbon Black—Sampling Packaged
Shipments

D1900 Practice for Carbon Black—Sampling Bulk Ship-
ments

D2414 Test Method for Carbon Black—Oil Absorption
Number (OAN)

! This test method is under the jurisdiction of ASTM Committee D24 on Carbon
Black and is the direct responsibility of Subcommittee D24.11 on Carbon Black
Structure.

Current edition approved June 1, 2021. Published July 2021. Originally approved
in 2013. Last previous edition approved in 2018 as D7854 — 18¢*'. DOI: 10.1520/
D7854-21.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

D3493 Test Method for Carbon Black—Oil Absorption
Number of Compressed Sample (COAN)

D4483 Practice for Evaluating Precision for Test Method
Standards in the Rubber and Carbon Black Manufacturing
Industries

3. Terminology

3.1 Refer to Sections 4 and 9 for a more complete under-
standing of the use of these terms in this test method.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 applied pressure, n—the pressure exerted on a sample
mass by a movable piston in a cylindrical chamber, where the
load cell or force measuring system is in contact with the
movable piston.

3.2.2 transmitted pressure, n—the resulting pressure trans-
mitted through a sample in a cylindrical chamber, where the
load cell or force measuring system is in contact with the
sample opposite the movable piston, typically via a stationary
second piston.

3.2.3 compressed volume (carbon black), n—the apparent
volume that a specified mass of carbon black occupies when it
is contained in a specified cylindrical chamber and subjected to
a single uniaxial compression at a specified pressure by means
of a movable piston.

3.2.4 geometric mean pressure, n—the geometric mean of
the applied and transmitted pressures at a specific void volume;
the geometric mean pressure is defined in Eq 1:

Geometric Mean P, = (P, X P,)% (1)

3.2.5 theoretical volume (carbon black), n—the volume that
a specific mass of carbon black would occupy if there were no
void space within the carbon black, and is given by the ratio of
mass to skeletal density, where the skeletal density is deter-
mined by an accepted test method.

3.2.6 void volume (carbon black), n—a measure of the
intra-aggregate void space or occluded volume within the
primary structure of carbon black, characterized by the irregu-
larity and non-sphericity of carbon black aggregate particles,
and expressed as the difference (compressed volume minus
theoretical volume) as a function of specified uniaxial com-
pression pressure, and normalized to 100 g mass. pressure, and
normalized to 100 g mass. The void volume of a carbon black
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expressed as a function of geometric mean pressure, VV, is a
carbon black structure property.

3.2.6.1 Discussion—Carbon blacks resist packing,
compression, and fracture due to aggregate irregularities and
entanglements, size distribution, and aggregate strength result-
ing from particle to-particle necks within aggregate branches.
Compressed void volume is also affected by reacting forces to
the cylinder wall and the piston tip, which in turn depend on
factors including sample shape (that is, the ratio of sample
height to cylinder diameter) or interfacial area, which can
influence the uniformity of the compaction density. Since
compressed void volumes as a function of applied pressure are
known to be specific to sample mass and cylinder geometry,
such a compressed void volume is biased due to error in the
applied pressure relationship. The applied pressure bias is a
result of force losses due to friction between the sample and
cylinder wall interface. There is presently no known technique
to properly correct applied pressure measurements for an
instrument design using a single load cell since friction
coefficients (1) are not constant for carbon black products or
applied pressures. For this reason, the most useful technique
for comparing compressed void volumes is based on a numeri-
cal technique known as mean compaction force or mean
pressure. The mean pressure technique requires an instrument
design consisting of two load cells to enable the measurement
of compressed void volume as a function of applied and
transmitted force or pressure. Such a design allows the com-
putation of void volumes at mean pressures, a method which
has been demonstrated to minimize the effects of carbon black
sample mass and cylinder geometry.

4. Summary of Test Method

4.1 The measured compressed volume (apparent volume) of
a weighed dry test sample is obtained in a void volume
instrument as a function of specified pressure. The instrument
consists of an apparatus which can apply uniaxial compression
to a test sample in a cylindrical sample chamber where applied
and transmitted forces (or pressures) are measured. The com-
pressed void volume is obtained by subtracting the theoretical
volume from the apparent volume, then expressing the result
unitized to 100 g mass, as a function of specified mean
pressure.

5. Significance and Use

5.1 The greater a carbon black resists compression by
having substantial aggregate irregularity and non-sphericity,
the greater the compressed volume and void volume. Also, the
more that a carbon black resists compression, the greater the
energy required to compress the sample per unit void volume.

5.2 Structure is a property that strongly influences the
physical properties developed in carbon black-elastomer com-
pounds for use in tires, mechanical rubber goods, and other
manufactured rubber products. Structure by void volume is
based on compression while structure measurements by OAN
(Test Method D2414) and COAN (Test Method D3493) are
based on oil absorption.

6. Apparatus

6.1 Analytical Balance, or equivalent, capable of a weighing
sensitivity of 0.1 mg.

6.2 Gravity Convection Drying, Oven, capable of maintain-
ing 125 = 5°C.

6.3 Weighing Dish, Camel Hair or Similar Brush, to be used
for weighing and transferring samples.

6.4 Void Volume Instrument, to be used to measure the
compressed volume (apparent volume) of carbon blacks as a
function of applied pressure, from which the void volume is
calculated at specified intervals of geometric mean pressure
(that is, geometric mean of applied and transmitted pressures).
The void volume instrument or device shall conform to the
following generic specifications and be capable of operating as
outlined in Section 9.

6.4.1 The instrument shall have a rigid framework that
contains a cylindrical sample chamber. Hysteresis and elastic-
ity in the framework under the range of applied forces should
be accounted for in the displacement measurement.

6.4.2 The cylinder shall have a uniform diameter.

6.4.3 By means of a suitable mechanism with sufficient
power for the compression forces as required for testing, the
piston shall be capable of being moved to compress the sample.
A device to record the movement of the piston and measure
displacement shall be provided. The compressed volume of
any sample is determined by the distance from the end of the
piston to the end of the cylinder; this is designated as a “height”
in the calculations discussed in Section 11. The sample height
and cylinder diameter are used to calculate an apparent sample
volume.

6.4.4 Load cells or other suitable force or pressure measure-
ment devices are used to measure the applied and transmitted
pressures.

6.4.5 The instrument design shall provide continuous com-
pression at a controlled and constant rate thereby allowing
continuous measurements of apparent volume and pressures at
specified data intervals.

6.4.6 The instrument uses an electric motor or hydraulic
fluid to operate a linear actuator attached to a piston.

6.4.7 The instrument incorporates two load cells to directly
measure applied and transmitted forces or pressures.

6.4.8 The instrument design shall provide a means to save
and store the compression data up to a minimum of 50 MPa
geometric mean pressure for subsequent analysis.

7. Sampling

7.1 Samples of candidate carbon blacks shall be taken in
accordance with Practice D1799 or D1900.

8. Calibration

8.1 Calibration—The manufacturer will typically calibrate
the instrument measurement systems. The height measurement
system is typically calibrated using a physical standard such as
a calibrated steel plug. Load cells are typically calibrated or
verified using a reference load cell. Traceability is recom-
mended for all calibration devices. Follow the manufacturer’s
recommendations for calibration frequency and verification.
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9. Procedure

9.1 Sample Preparation—Dry an adequate sample of the
carbon black for at least 1 h in a gravity-convection oven set at
125 = 5°C, in an open container of suitable dimensions, so that
the depth of black is no more than 10 mm. Cool to room
temperature in a desiccator before use.

9.2 Weigh a mass of sample specified by the instrument
manufacturer, typically 1.000, 2.000 g, or 4.000 g to the nearest
0.1 mg.

9.3 Define the analysis conditions to include a void volume
measurement at 50.0 MPa geometric mean pressure with a
compression rate of 1 to 2 MPa/s. In practice this is accom-
plished by defining a scan from the lowest detection pressure to
at least 50 MPa geometric mean pressure.

9.4 Transfer the weighed sample to the instrument. Brush
the sample pan and funnel to ensure the entire sample is
introduced into the cylinder. Proceed with the test.

9.5 At the end of the test insure residual carbon black has
been removed from the cylinder and piston tips.

10. Normalization using Standard Reference Blacks
(SRB)

10.1 Test the six ASTM Standard Reference Blacks (SRBs)
in duplicate to establish the average measured value. Addi-
tional values are added periodically.

10.2 An optimum normalization test frequency has not yet
been established.

10.3 The rolling average of the measured values is com-
puted from the latest four values.

10.4 Void volume normalization should include all six
SRB’s. There is only one normalization curve required for all
carbon black products.

10.5 All six SRB’s should be from the same series (ex-
ample: series-8).

10.6 Perform a regression analysis using the standard value
of the standard (y value) and the rolling average measured
value (x value).

10.7 Normalize the values of all subsequent samples using
the regression equation as follows:

Normalized value = (measured value*slope)+intercept (2)

10.8 For normalized values of the SRBs that are consis-
tently outside 3-sigma x-chart limits, the instrument calibration
in Section 8 should be reviewed.

11. Void Volume Calculations

11.1 The void volume (VV) is calculated from the apparent
compressed volume as follows. The apparent compressed
volume of the sample is evaluated by Eq 3.

V,=h X3.1416 D%4 (3)

where:

V, = the apparent compressed volume of the carbon black
sample, cm?, from a single uniaxial compression.

h = the “height” of the compressed carbon black in the
cylinder, cm, and
D = the diameter of the cylinder, cm.

11.2 The theoretical volume of the carbon black is evaluated
by Eq 4.

V, = midg, (4)

where:

V; = the theoretical volume of the carbon black sample,
3
cm”,
dep = accepted true (skeletal) density of the carbon black =
1.90 g/cm?, and

m = mass of the carbon black sample, g.

11.3 The void volume of a carbon black per unit mass (100
g) is given by Eq 5.

Vv = (v, — V,)/m (100) (5)

where:

VV = void volume of carbon black sample, 10~°m’/kg (cm?/
100 g),

V, = the apparent compressed volume of the carbon black
sample, cm?, from a single uniaxial compression (Eq
3), and

V; = the theoretical volume of the carbon black sample,
cm’, (Eq 4).

Note 1—Some carbon blacks have reported skeletal densities of
approximately 1.8 to 2.0 g/cm®. The accepted skeletal density of rubber
carbon black is 1.90 g/cm®.

12. Report

12.1 Report the following information:

12.1.1 Sample Identification.

12.1.2 Normalized void volume expressed to the nearest 0.1
10~°m?/kg (cm’/100 g) measured at 50.0 MPa Geometric mean
pressure.

12.1.3 Sample mass in grams weighed to nearest 0.1 mg.

12.1.4 Cylinder diameter to the nearest 0.001 mm.

13. Precision and Bias

13.1 These precision statements have been prepared in
accordance with Practice D4483-99. Refer to this practice for
terminology and other statistical details.

13.2 Interlaboratory precision program (ITP) information
was conducted as detailed in Table 1. Both repeatability and
reproducibility represent short-term (daily) testing conditions.
The testing was performed using two operators in each
laboratory performing the test once on each of two days (total
of four tests). A test result is the value obtained from a single
determination. Acceptable difference values were not mea-
sured. The between operator component of variation is in-
cluded in the calculated values for r and R.

13.3 The precision results in this precision and bias section
give an estimate of the precision of this test method with the
materials used in the particular interlaboratory programs de-
scribed in 13.2. The precision parameters should not be used
for acceptance or rejection testing of any group of materials
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