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� Sulfur—Presence of residual sulfur 
compounds causes “puffing” of 
coke/pitch artifact during baking or early 
graphitization.

� Nickel and vanadium —These elements 
are superb oxidation catalysts. Their 
presence in graphite can accelerate 
“pin-holing.”
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Anthracite is a carbon material that 
must be close to graphitic.
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Anthracite % C % H % N % S % Oa H/C

LCNN 95.7 1.5 1.2 0.5 1.1 0.19

Jeddo 95.2 1.8 1.1 0.6 1.3 0.23
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Summit 93.2 2.5 1.6 0.6 2.1 0.32
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of M.S. and Ph.D. theses at Penn State in late 50s
and early 60s. Findings included:

1. Microporosity of anthracite decreases on 
graphitization.

2. Graphitization of anthracite/binder rods gives 
acceptable ash values but high resistivities 
(unsuitable for electrodes).

3. Extreme pressures (70–140 MPa) sinter anthracites 
at � 900� .
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� Schobert, H. H.; Shakespeare, W. “Macbeth and the Chemistry 
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� Pitch level is critical for successful production of 
graphitized artifacts.

� Very different results were obtained for the two 
anthracites tested.

� Adding catalyst enhanced the density and strength of 
a graphitized control sample (petroleum coke).

� CTEs of graphitized anthracites were close to those 
of control sample; strengths and densities were 
lower.
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1. Different anthracites show different graphitization 
behaviors when heat-treated under identical 
conditions.

2. Different anthracites also have different organic 
structures and inorganic compositions.

3. A “good” anthracite, on a first try, can produce test 
billets with properties in the low end of the range for 
specialty graphites.

Not all anthracites are created equal!
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“The overheating of a carborundum furnace led 
to the discovery that by suitable decomposition 
of a carbide, graphite is left behind.”

SiO2 + 3 C ® SiC + 2 CO
SiC ® Si + C (graphite)

A. Rogers,  Industrial Chemistry, van Nostrand, 1920



Baldwin’s Rule:Baldwin’s Rule:

Six months of hard work in the laboratory 
will save you an hour in the library.

—Robert M. Baldwin

Colorado School of Mines
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Control standards Graph. anthracites

d(002), nm 0.3349–0.3354 0.3349–0.3357

Lc, nm 29.1–30.2 16.7–29.1

Density, g/cm3 1.72–1.74 1.65–1.70

Resistivity x 10–4 4.3–4.6 6.4–9.4

Flex. strength MPa 40.8–41.2 24.6–41.2

Hardness 72–76 80–97

CTE x 10–6 4 5.0–5.2



Properties and Microstructure of 
Industrially Graphitized Anthracites
Properties and Microstructure of 
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�
Control Anthracite

d(002), Å 3.349 3.354
Lc, Å 302 291
Resistivity, mW·m 0.00046 0.00046
Flex strength, MPa 40.8 42.6
Density, g/cm3 1.74 1.70
Rockwell 76 97
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