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Standard Test Method for

Hardgrove Grindability Index (HGI) of Petroleum Coke’

This standard is issued under the fixed designation D5003/D5003M; 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 (g) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Introduction of petroleum coke into the coal market in recent years has necessitated the use of many
of the test methods for coal so like data would be available for comparison and blending purposes. Test
Method D409 does not cover petroleum coke in its scope and its statements of precision and bias do
not include petroleum coke. This test method provides the procedures and precision and bias data for
the hardgrove grindability index (HGI) of petroleum coke. Use of this test method or Test Method
D409 produces the same value for the sample of petroleum coke being analyzed.

1. Scope*

1.1 This test method covers the determination of the hard-
grove grindability index (HGI) of those petroleum cokes that
contain no dedusting additive. The procedure for this test
method is the same as in Test Method D409. Sections of this
test method contain the significance and use of the HGI of
petroleum coke, preliminary sample preparation procedures,
and procedure and precision and bias data specific to petroleum
coke.

Note 1—The size consistency (particle size distribution) of fluid
petroleum coke is generally 100 % passing a 6.7 mm [0.265 in.] sieve and
greater than 80 % passing a 2 mm [No. 10] sieve. Much of fluid cokes will
pass a 600 um [No. 30] sieve. Because of this fineness the HGI value is
related to the coarser particles in fluid coke and large samples are required
to prepare sufficient material of the correct particle size for Test Method
D409.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.2.1 Exception—Hardgrove grindability index is unitless.

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.

' This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants and is the direct responsibility of
Subcommittee D02.05 on Properties of Fuels, Petroleum Coke and Carbon Material.

Current edition approved Nov. 1, 2023. Published December 2023. Originally
approved in 1989. Last previous edition approved in 2019 as D5003 — 19. DOI:
10.1520/D5003-23.

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:*

D409 Test Method for Grindability of Coal by the
Hardgrove-Machine Method

D2013 Practice for Preparing Coal Samples for Analysis

D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D4175 Terminology Relating to Petroleum Products, Liquid
Fuels, and Lubricants

D4930 Test Method for Dust Control Material on Calcined
Petroleum Coke

D6970 Practice for Collection of Calcined Petroleum Coke
Samples for Analysis

D8145 Practice for Sampling of Green Petroleum Coke

3. Terminology

3.1 Definitions:

3.1.1 For definitions of terms used in this test method, refer
to Terminology D4175.

3.1.2 calcined petroleum coke, n—petroleum coke that has
been thermally treated to drive off the volatile matter and to
develop crystalline structure.

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.
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3.1.3 fluid coke, n—petroleum coke with a granular, micro-
scopic layered structure resulting from injection of petroleum
feedstock into a flowing, loose bed of coke particles.

3.1.4 Hardgrove Grindability Index, HGI, unitless, n—in
petroleum coke technology, measurement of the relative ease of
pulverizing a raw petroleum coke or green petroleum coke in
comparison with coal standards. The higher the HGI value, the
easier the petroleum coke is to grind.

3.1.5 petroleum coke, n—solid, carbonaceous residue pro-
duced by thermal decomposition of heavy petroleum fractions
or cracked stocks, or both.

3.1.6 raw petroleum coke, n—petroleum coke that has not
been calcined.

4. Summary of Test Method

4.1 The sample of petroleum coke is reduced (crushed) to
produce a high yield of particles passing a 1.18 mm [No. 16]
sieve and retained on a 600 um [No. 30] sieve. These particles
are reduced in the hardgrove grindability machine according to
Test Method D409. The quantity of particles retained on a
75 um [No. 200] sieve is used to calculate the HGI of the
sample.

5. Significance and Use

5.1 The HGI is used to predict the ranking of raw petroleum
cokes or calcined petroleum cokes in industrial size mills used
for crushing operations. The rankings are based on energy
required and feed rate or both.

5.2 The HGI is also used to select raw petroleum cokes and
coals that are compatible with each other when milled together
in a blend so that segregation of the blend does not occur
during particle size reduction.

6. Hazards

6.1 Calcined petroleum coke is generally coated with a
dedusting agent to decrease the occurrence and the quantity of
dust during subsequent transporting of the calcined petroleum
coke. The dedusting agent is an oil or suitable material. When
a dedusting agent is present and is not removed prior to the
determination of HGI there can be interference in the sieving
step to measure the portions retained on and passing a 75 pm
[No. 200] sieve. Removal of the dedusting agent after calcined
petroleum coke is reduced to pass the 4.75 mm [No. 4] sieve
and before stage crushing to pass the 1.18 mm [No. 16] sieve
is required. Suitable solvents for oil removal are
dichloromethane, dichloroethane and toluene. (Warning—See
the appropriate materials safety data sheet.) The solvent used
must be removed prior to the reduction to pass the 1.18 mm
[No. 16] sieve. Heating to 10 °C above the boiling point of the
solvent used or application of vacuum is satisfactory for the
removal.

Full document details: ASTM D5003/D5003M-23

7. Sampling and Sample Preparation

7.1 Collect a gross sample of petroleum coke or calcined
coke, representative of the material from which it is taken. The
sample may be collected, in accordance with Practice D4057 or
D8145, and prepared in accordance with Practice D2013 and
Section 6 of Test Method D409.

7.2 When a dedusting agent is present remove it in the
manner required by the supplier of the calcined petroleum
coke. The supplier knows what the added agent is, and should
best know how to remove it. See Test Method D4930.

8. Procedure

8.1 The procedure (including apparatus) for raw petroleum
coke and for calcined petroleum coke having no dedusting
agent is the same as listed in Test Method D409.

9. Precision and Bias®

9.1 Precision—The precision of this test method as deter-
mined by the statistical examination of the interlaboratory test
results is as follows:

9.1.1 Repeatability—The difference between two indepen-
dent results obtained by the same operator in a given laboratory
applying the same test method with the same apparatus under
constant operating conditions on identical test material within
short intervals of time would exceed the following value about
5 % of the time (one case in 20 in the long run) in the normal
and correct operation of the test method.

Repeatability =2 (@)

9.1.2 Reproducibility—The difference between two single
and independent results obtained by different operators apply-
ing the same test method in different laboratories using
different apparatus on identical test material would exceed the
following value about 5 % of the time (one case in 20 in the
long run) in the normal and correct operation of the test
method.

Reproducibility = 5 for HGI <=70 (2)
Reproducibility = 9 for HGI > 70 (3)
9.1.2.1 This precision is valid in the HGI range 35 to 115.

9.2 Bias—The procedure in this test method has no bias
because the value of the hardgrove grindability index can be
defined only in terms of the test method.

10. Keywords
10.1 coke; grindability; petroleum coke

3 The results of the cooperative test program, from which these values have been
derived, are filed at ASTM Headquarters as RR:D02-1892. Contact ASTM Cus-
tomer Service at service @astm.org.
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