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Graphite’s extraordinary properties make it an ideal electrode  
material. It has therefore been a  major factor in the rapid development 
and expansion of the EDM process.
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Graphite for Electrical Discharge Machining

In many fields of production and 
tool manufacture, this modern 
machining process is now largely 
dependent on graphite for its 
cost-effectiveness.
The possibilities offered by  
graphite are still far from ex-
hausted. 

Graphite has widely appreciated 
benefits in process technology, 
such as high material removal 
rates and low wear, but added 
to these are the advantages of 
its outstanding machinability. 
Various graphite grades are 
available to match the needs of 
different applications. If selected 
properly, they ensure optimum 
results. 
 

Initial machining trials are often 
unsuccessful because the charac-
teristics of the graphite material 
used are not understood. To help 
avoid such failures, the SGL 
Group offers special workshops 
(information on which is given 
on page 17 of this brochure and 
also on our website at www.
sglgroup.com).

High-performance dust extrac-
tor systems are indispensable in 
graphite machining operations 
(for more information, please see 
page 9). HPM (high-performance 
milling) is becoming evermore 
important in graphite electrode 
manufacture and increasingly 
replacing the conventional chip 
removal technique.

The speed at which graphite can 
be machined is limited only by 
the performance of the computer 
and the machining system, but 
not by the material itself. Feed 
rates of 10 m/min and more can 
be achieved, depending on the 
electrode geometry. These param-
eters compare favorably with the 
machining of aluminum or plastic.
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The raw materials and their 
processing determine the charac-
teristic properties of the graphite. 
As a result of the production 
process, graphite is porous; but 
the pore structure and porosity 
can differ greatly between the 
various graphite grades. The 
pore structure (pore size, pore 
size distribution) determines the 
surface quality attainable during 
fine finishing.  
A distinction is made between 
open and closed pores. The 
accessible open pore volume is 
used, for example, for impregna-
tion with copper. Closed individu-
al pores are not accessible during 
impregnation. 

Graphite does not suffer from 
aging. Its structure remains un-
changed even after several years 
of storage. Consistently high 
graphite quality is essential to the 
safety of erosion operations in 
our customers‘ workshops.

EDM graphites are formed only in 
isostatic presses. This pressing op-
eration results in large, homoge-
neous and isotropic semifinished 
graphite blocks in relatively large 
formats. For electrode production, 
it therefore makes no difference 
whether the material is taken 
from the middle or the edge of a 
graphite block.

The standard semifinished prod-
ucts are prismatic or cylindrical in 
shape and can be cut to smaller 
sizes. Quality assurance is para-
mount in all stages of graphite 
production. Strict inspection 
and testing of the incoming raw 
materials and constant monitor-
ing of the process parameters are 
integral parts of the production 
sequence.
A slice is taken from every single 
block leaving the production proc-
ess and subjected to destructive 
testing. Each semifinished product 
is given an individual identifica-
tion marking so that it can be 
traced back to the raw materials 
used.

EDM graphites

From a chemical viewpoint, RINGSDORFF®  
graphite for electrical discharge machining  
is physiologically inert high-purity carbon.  
Its machining is therefore not subject to any  
special safety regulations. 

For further information on the 
physical properties of EDM 
graphite grades, please  
request our data sheet 
“RINGSDORFF® Specialty  
Graphite Grades for Electrical  
Discharge Machining“.

The graphite material
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The manufacturing process for 
graphites used in electrical 
discharge machining is similar to 
that for ceramics. As a first step, 
the raw materials are milled into 
fine powder. 

After shaping, the “green“ pieces 
are baked in the first thermal 
processing step at about 1,200 K  
in an air-free environment. It is 
in this process that the binder 
bridges between the particles 
are formed. Graphitization – the 
second thermal processing step 
at about 3,200 K – induces the 
transformation of the carbon into 
crystalline graphite.

Verkoken
Carbonization, 
redensification

Graphitieren
Formation of 

ordered graphite 
lattice

Bearbeiten
Mechanical  

processing of 
materials: sawing, 

turning, milling, 
grinding, drilling, 
lapping, polishing

Rohstoffe
High-grade raw 

materials from 
reliable sources

Formgeben
Isostatic pressing, 

extrusion,  
die molding,  

vibration molding

Crushing, milling, 
screening, mixing, 

homogenizing

Coating,  
cleaning

The powder particles are then 
evenly mixed with a binding 
agent to form a homogeneous 
mass. Isostatic molding is used 
exclusively for the subsequent 
shaping operation.



The electrode shown on this page was produced 
on a milling machine fitted with a high-speed 
spindle. Although the increase in cutting speed re-
duces the tool life, it permits longer milling strokes 
and thus higher cutting volumes.
As a general rule, better surface finishes can  
be obtained with high cutting speeds.

Coatings by comparisonRINGSDORFF R 8340

Tool:  

Cylinder miller
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vc = 1,000 m/min

Tool:

Cylinder miller, 

untwisted 
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Milling is by far the most widely 
used method of electrode pro-
duction. HPM milling machines 
such as those used on metals are 
growing in popularity, but con-
ventional CNC milling machines 
are still in widespread use.
Special graphite milling machines 
for the very high-speed, cost-
effective machining of graphite 
electrodes are also available. 
These machines are fitted with 
all-over cladding and an effective 
dust extraction system.

Since graphite allows consider-
ably higher cutting speeds and 
feed rates than, for example, 
metallic electrode materials, high-
speed machining is of particular 
interest. The solutions on offer are 
either complete (e.g. in the form 
of graphite machining centers)  
or partial. 

The illustration below shows the 
operating principle of a cutting 
tool. In this illustration, the angles 
and surfaces with a particular 
influence on the tool’s cutting 
behavior are specially marked. 
The factor determining the service 
life of the tool is the width of the 
wear mark which forms on the 
rake plane during use. A cutting 
tool with a mean wear mark 
width of 0.02 mm is regarded 
as worn. The cutting geometry of 
the tool and the size of the cutting 
angle influence the service life. 
The greater the rake angle,  
the better the surface finish.  
The best surface finishes are 
achieved by using tools with a 
rake angle of 15°.
 
 
 
 

The user can choose from a large 
number of different cutting tool 
materials. 

The most common materials used 
for graphite machining include:

•  HM (hard metal, uncoated, for 
special applications only)

•  CVD (diamond-coated – crystal-
line, polycrystalline)

• PCD (polycrystalline diamond)

Milling is particularly suitable for 
the production of complex indi-
vidual and series electrodes and 
offers the following advantages:
•  Considerable reduction in  

electrode production time
•  Production of filigree  

geometries
• High-quality surface finish
• Insensitivity to the effect of heat
• Less complex milling tools.

Common machining processes 
include:

• Sawing
• Grinding
• Turning
• Form grinding
• Milling 
• Spark erosion

Machining of Graphite

VB - middle flank – wear land width 
(length of core marks in µm)

VB - middle flank – wear land width 
(length of core marks in µm)



Finned electrode in RINGSDORFF R 8719
(Width of fins and interspaces 0.1 mm)
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Production of the corresponding 
electrodes by high-speed milling 
is possible even with fin widths 
down to 0.05 mm, in particular 
in opposed milling operations.
Finishing parameters should be 
used for these operations.

Tool wear in graphite milling  
operations can be reduced sub - 
stantially but special program-
ming strategies need to be 
adopted.

Unlike metal machining, no 
universal cutting parameters can 
be specified for the machining of 
graphite. This is because the se-
lection of cutting parameters de-
pends on several variables such 
as machine, spindle, tool length, 
workpiece material, surface finish 

specified and electrode geometry. 
As a general rule, the feed rate 
per tooth should be the overriding 
consideration.
Standard values for cutting 
parameters are supplied by tool 
manufacturers.

SGL CARBON GmbH, Bonn 
(Germany) offers to hold 2-day 
graphite machining workshops 
at its Graphite Technology 
Center. Other subjects such as 
graphite manufacture and elec-
trode design will also be covered. 
Further information on these work-
shops is given on the last page of 
this brochure.

High feed rates are recommend-
ed in particular for roughing 
operations, whereas low feed 
rates are essential for finishing 
if a good surface finish is to be 
obtained. The achievable surface 
quality depends not only on the 
cutter geometry and cutting condi-
tions but also on the electrode 
material. Better results can usually 
be obtained with fine-grain  
graphite.
With RINGSDORFF R 8710, for 
example, milling can produce sur-
face roughnesses of Ra ≤ 0.5 μm. 

Graphite is ideally suitable for 
cutting very narrow and deep 
webs.

Milling

Effective dust extraction can be 
achieved by relatively simple 
means.
The dust produced can be easily 
extracted, preferably directly at 
source.

The spread of dust is limited by 
baffle plates in the machining 
area.
Modern machining equipment 
incorporates an enclosed working 
area and an integral dust ex-

traction system. When removed, 
the dust is separated from the 
exhaust air by either mechanical 
or electrostatic filters.

Dust Extraction

Synchronous milling Opposed milling
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The diagrams show the relative 
electrode wear and material 
removal rate Vw for a roughing/ 
finishing process. Under identical 
conditions the working results 
obtained on two non-identical 
grades may be very different, so 
it is important to choose the most 
suitable electrode material right 
at the planning stage. 

The following factors need to be 
taken into consideration:

• Number and depth of recesses
•  Production time and costs for 

the electrodes
• Geometry of the electrodes
• Use of planetary systems
• Desired surface finish
• Desired degree of precision.
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R 8650

R 8510

R 8500

R 8500X

R 8340

R 8710

Roughing

Test conditions 
Workpiece material: X 210 Cr 12 material 2436
Electrode size:  20 x 16 mm
Flushing injection:   Injection Ø 6 mm through the 

workpiece
Mean working current: 36 A
Pulse duration:  100 μ sec
Pulse duty factor:  91 %
Erosion time:  15 min
Electrode polarity:  Positive

Finishing

Test conditions  
Workpiece material:  X 210 Cr 12 material 2436
Electrode size: 20 x 16 mm
Flushing injection Injection Ø 6 mm through the  
 workpiece
Mean working current: 4 A
Pulse duration:  10 μ sec
Pulse duty factor:   74 %
Erosion time:  60 min
Electrode polarity:  Positive

Roughing and finishing

R 8650

R 8510

R 8500

R 8500X

R 8340

R 8710

Material removal Vw (mm3/min)

Graphite in the EDM Process
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Material removal and wear

With graphite, maximum material 
removal and minimum electrode 
wear occur at different frequen-
cies. A decision must therefore be 
taken to machine either at high 
material removal rates or with low 
electrode wear. This naturally has 
considerable bearing on electrode 
production. The material removal 
rates and electrode wear as func-
tions of pulse duration and amper-
age are shown in the diagrams 
below. These values are generally 
applicable to graphite.  

Particularly in the finishing opera-
tions, minimum wear parameters 
should be used for the sake of 
precision. The relevant pulse pa-
rameters used should be those giv-
ing the desired surface finish. The 
performance of a specific graphite 
grade cannot be determined on 
the basis of given physical and 
mechanical properties alone. 
 
 
 
 

The raw materials used, the 
various stages of the production 
process, the material structure, 
etc. influence the material removal 
rate, electrode wear and the 
achievable surface finish.
As a general rule, it can be said 
that with decreasing grain size, 
the electrode wear and surface 
finish are improved but material 
removal rates are reduced.

Erosion behavior of graphite
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Workpiece: Steel
Electrode polarity: +
Peak performance: 60 A
Pulse duty factor: 50 %
Electrode size: Ø 20 mm



Practical example 
Housing for electronic 
accelerator

 

 
 
 
 

Task 
Manufacture of 4 mold inserts
Surface finish: VDI 22
Electrode dimensions:  
195 x 95 x 50 mm
Electrode material 1: 
2 graphite electrodes in  
RINGSDORFF R 8510
(roughing/ finishing)
Electrode material 2:
2 copper electrodes  
(roughing/ finishing)

Graphite offers a number of 
advantages over copper for 
the spark erosion process as a 
whole. One key advantage is the 
cost and time saving.

12
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Cost and Time Comparison

for tool production – advantages of graphite over copper

 Machining of  Machining of  
 copper mold insert graphite mold insert 

  Time Cost in Euro              Time        Cost in Euro
 

Material cost per electrode   29.14  23.72

Milling time per electrode  165 min  196.85 40 min  47.55

Deburring  10 min 8.18 -- --
 
Erosion time per mold insert  13.22 h  675.93 7.2 h   369.15

Total production cost per mold insert   910.10  441.96

Cost advantage for 4 mold inserts with graphite electrodes

Electrode machining  4 electrodes, each    157.45 savings      629.91

Erosion   4 inserts, each   306.78  savings  1,227.10

Total cost advantage     1,857.01

Time saved by using graphite electrodes

Electrode production  4 electrodes, each  135 min    9.00 h

Erosion  4 inserts, each   6.02 h   24.08 h
  

Total time saved     33.08 h
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Current and voltage curves with static pulse generator (schematic)
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Parameters of the process

Time t

Time t

Time t
Current and voltage curves with static pulse generator (schematic)

Pulse duration
Pause duration
Period duration
Pulse duty factor
Discharge duration
No-load voltage
Discharge voltage
Discharge current
Delay time
Pulse frequency

Surface Roughnesses

The data given may vary depending on 
generator technology and software state

Parameters of the work result:
VW =  Removed material volume 

(mm3/min)
VE = Wear rate (mm3/min)

 = Relative electrode wear (%)
K = Material removal to wear ratio (%)
Ra, Rz, Rt  = Roughness characteristics (μm)
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Druckspülung durch das Werkstück

Elektrode

Werkstück

Spültopf

Dielektrikumstrom

Saugspülung durch die Elektrode

Dielektrikumstrom

Vakuumschlauch

WerkstückElektrode

Spülstutzen

Wire Erosion 
Like all other electrically conduc-
tive materials, graphite can be 
removed by electrical discharge 
methods. Spark erosion cutting of 
graphite for reverse machining, 
e.g. for cutting tools, is the nor-
mal process. Cutting of relatively 

coarse-grained graphites is 
comparatively slow and arduous, 
whereas acceptable cutting rates 
can be achieved with dense, 
fine-grained graphites. Compared 
with copper, the cutting rate is ap-
prox. 40 % lower with this type 

of graphite. It should be borne 
in mind, however, that the height 
of the electrodes can be reduced 
because of their lower wear rate.

Bonding
Bonding of graphite is possible  
and frequently preferred to other  
jointing techniques. Small cross- 
sections can be effectively ce-
mented by using cyanoacrylate-
based superglues.
The thin adhesive film of these 
low-viscosity adhesives creates no 

obstacle for the flow of electric 
current. It is thus possible to use 
electrodes bonded across the 
direction of erosion without the 
need for additional electrical 
connections.
With larger cross-sections, the 
use of two-component resins is 

recommended, as they permit 
longer processing times than the 
cyanoacrylate-based adhesives. 
In view of the insulating effect, 
horizontal bonded joints must be 
electrically bridged, e.g. by using 
graphite dowel pins.

Flushing
Efficient flushing is important 
in all EDM processes. When 
graphite electrodes are used, it 
must be remembered that wear 
particles may be suspended in 
the dielectric liquid due to their 
low specific gravity.

With older units, a distinction 
is made between pressure and 
suction flushing, though pressure 
flushing is the most frequently 
used flushing method. New 
units do without pressure 
or suction flushing because 

the particles are flushed out as 
the result of a suction effect pro-
duced in the spark gap by rapid 
vertical oscillating movements.

Druckspülung durch das Werkstück

Elektrode

Werkstück

Spültopf

Dielektrikumstrom

Saugspülung durch die Elektrode

Dielektrikumstrom

Vakuumschlauch

WerkstückElektrode

Spülstutzen

Pressure flushing through the workpiece Suction flushing through the electrode

Electrode

Workpiece

Flushing bowl
Flow of dielectric

Flushing flap

Electrode Workpiece

Vacuum hose

Flow of dielectric
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By teaming up with the SGL Group you are best placed 
to meet future challenges. Put us to the test!
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How can graphite electrodes be 
properly designed and milled for 
electrical discharge machining? 
And what are the key points to 
remember? Why do strategies, 
tools and cutting parameters that 
yield excellent results with copper 
not work with graphite?
These are the questions facing 
anyone planning to change from 
copper to graphite but not sure 
of the facts. Even those who have 
been working with graphite for 
some time don‘t always make the 
most of its enormous potential 
compared with copper in electri-
cal discharge machining. This is 
because they lack the necessary 
background information on the 
graphite material. The SGL Group 
is committed to passing on this 
information to anyone planning to 
use graphite in electrical discharge 
machining.

We therefore offer to hold 2-day 
workshops, each for 6 - 12 
participants, at our Graphite 
Technology Center in Bonn  
to tackle such subjects as
•  advantages of graphite  

over copper
•  design and manufacture of 

graphite electrodes
•  tooling and cutting data for 

proper and efficient graphite 
machining

• dust extraction
• bonding of graphite.

Graphite Technology Center

The workshops are also a chance 
for us to help with your own parti-
cular requirements.
Contact us. We are always glad 
to give you any information you 
need on graphite and the best 
way it can be used to improve the 
cost-effectiveness of your process.

Contact person at  
SGL CARBON GmbH, Bonn:
Wolfgang Lenarz
Drachenburgstraße 1
53170 Bonn/Germany

Phone +49 228 841-577
Fax +49 228 841-68577
Mobile +49 163 8412624
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Our company has been certified in  
accordance with DIN EN ISO 9001:2000.
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The SGL Group offers complete 
solutions customized to your 
requirements.

Technical customer support

•  Application technology advice 
from competent experts

•  Proposals for plant design  
projects offered in close cooper  -
ation with those constructing 
and operating the plants

•  Detailed design proposals 
based on technical aspects of 
the proposed use

•  Reliable joints for ultralarge 
graphite components

•  CAD/CAM design to solve 
specific customer problems

•  Global marketing network  
covering more than 90 coun-
tries

Our core competencies

•  Comprehensive materials 
expertise and long-standing ex-
perience in the use of graphite 
for extreme applications

•  Thorough knowledge of all 
methods for shaping graphite 
products

•  Comprehensive research and 
development to provide unique 
technical solutions

•  Local graphite machining 
facilities

•  Clean-room operations, 
purification for semiconductor 
applications

• Coating and impregnation
•  Continuous improvement of 

manufacturing processes and 
products

•  Vast array of products ranging 
from semifinished goods to 
high-precision products, from 
highly standardized series 
production to special solutions 
to customer-specific problems

Customer service

•  Global specialists for technical 
support

•  Professional technical advice 
provided at customers’ own 
sites

•  Individual advisory service 
based on our extensive know-
how in the fields of materials 
and application technology, 
including project design work 
and construction

•  Application-oriented training 
in key applications; special 
literature and brochures

•  Extensively equipped  
laboratories for analyses

•  Reliable and flexible delivery 
service

•  Use of Six Sigma methods 
to improve customer-related 
processes

System Solutions with the Future in Mind
Our Services
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RIDURID®

Graphite-filled 
high-performance plastic

RINGSDORFF®

Isostatically pressed and 
die-molded specialty graphites

SIGRAFORM®

Extruded and vibration-molded  
specialty graphites

SIGRAMENT®

Extruded specialty graphites  
for electric heating elements

SIGRAMENT® MNC
Extruded tubular graphite 
heating elements

SIGRASIC® 
Carbon fiber-reinforced  
silicon carbide

SIGRABOND®

Carbon fiber-reinforced  
carbon and graphite

SIGRATHERM®

Carbon and graphite felts  
and carbon wool for thermal 
insulation

SIGRAFLEX®

Graphite foils and 
laminated sheets

SIGRAFIL® D2-3K
Carbon fiber-based 
carbon cord

CRYSTA-SIL®

Crystalline silicon carbide 
coatings used on graphite  
products for semiconductor  
applications

Trademarks of SGL Group, 
Graphite Specialties


