& WHY REINFORCE GRAPHITE?

. A SPECIFIC PROBLEM IN CERTAIN PROCESSES

In spife of the excellent mechanical performance of the various GRAPHILOR materials, problems
of cracking and/or erosion are sometimes encountered in certain specific uses of appliances.

CRACKING

| Mechanical characteristics

e The mechanical strength of impregnated graphite diminishes as
parts get larger (see graph opposite). Certain processes require

large-sized appliances.

e Impregnated grophite is a ceramic material which displays Clamping load
quite specific mechanical behaviour: it is preferable to minimize
the tensile loads in the appliance. The photoelastic-metric study // // //
shows that the compression loads #1171 ]
used to clamp the stack of end e ; ? ?
blocks or plates of tubular heat load AT 11 1]
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on the surface of the block or plate - \ Surface
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cracking between the process
holes.
Erosion
EROSION

e The fact that the process uses fast-flowing fluids laden with
abrasive particles causes abrasion at the surface of the

inlet blocks or plates of tubular heat exchangers
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B THE CARBONE LORRAINE SOLUTIONS:
REINFORCED COMPOSITE GRAPHILOR 3 MATERIALS
CARBONE LORRAINE has developed a reinforced composite material to avoid cracking
and corrosion.

The resulting composite material takes the form of a solid piece of graphite and
impregnated carbon which, thanks fo the freatments it has undergone, is fully resistant
fo temperature and corrosion.

How can cracking be prevented
The two causes of cracking are solved in the following manner:

Intrinsic material characteristics:

e For diameters below 900 mm, the development of fine-grain graphite with high mechanical characteristics
ensures sufficient strengths, particularly tensile strength, to prevent cracking.
For diameters above 900 mm, fine-grain graphite with high mechanical strength (small cross-section) are
used to make straightened slabs which, when judiciously assembled, give a material of large dimensions
with mechanical characteristics of the same level as the small-section fine-grain graphite used to make the

component slabs.

This fechno|ogy differs from that used for the assembly of i ==
- Mechanical characteristics
preimpregnated graphite by cementing, because the slabs || < irpreqnand qroph

are assembled by impregnation of the graphite mass. The ;
fo”owing diagram and phoios c|ear|y show the Cldvc:nfuge of Non-impregnated gmph”ei ---------
this large diameter GRAPHILOR BS ML (diameter > 900 mm), :
whose mechanical characteristics are equivalent to those of a !

GRAPHILOR BS of less than 900 mm diameter, compared  Didich
900 mm

with a cemented solution.
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e Reinforcing GRAPHILOR against the surface tensile load on the surfaces of parts

The composite material made up of graphite slabs with high mechanical characteristics is sandwiched
between two Iayers of carbon fibre (a few millimetres thick) which, once impregnated, gives a monolithic

carbon composite material.

The tensile sirength of the fibrous composite fabric exceeds 1000 kg/cm?, thereby ensuring perfect
resistance to the surface tensile loads generated by the clamping of the appliances.

As was indicated earlier, this is a homogeneous assembly: carbon + resin.

Tests performed by overtightening blocks have demonstrated, as confirms the VERITAS certificate below, that
the reinforced blocks withstand clamping loads of the
order of 45,000 daN compared with 29,000 daN for
the same non-reinforced blocks

GRAPHILOR BgR GRAPHILOR BgMLR

Assembly by ML «plates»

Assembly by cementing

e How to prevent erosion

The laying up of impregnated carbon fibres on the surface of parts on

Reinforcement GRAPHILOR

the process side not on[y provides the sfrength to withstand the tensile
loads generated at the surface, but also ensures effective resistance fo
abrasion thanks to the hardness of the material.

In certain cases (especially on the end plates of tubular heat exchangers),
the specific reinforcement against abrasion can be supplemented by
jacketing the tubes at the channel inlet with a material identical to the

surface reinforcing material.
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