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Flexible graphite seals

A ENGELMANN G. HOCHEGGER H. EICHER

The authors report on a new
material of construction

PROCESSED CARPON COMPOUNDS and graphite
have heen made use of i the field of dynamic sealing for
a comsiderable time; processed carbon for uge in sealing
rings, slip rings. packing rings or armoured rAngs—graphite
~wpwder and carbon fibre as aids for soft packings Bur fo:
« long time carbon or graphite could mot he wed
in the feld of static seals, Recently & new constructional
maberial of pure graphite has become available which i
suitable not only for dynamic seuls but also for static seals
where difficubt sealing problems have heen sofved
This comtruction materizl is maoufaciured in West
Germany by Sagr under the trade name Sigraflex and s
available in the form of fAexible shees, laminates and other
pressed ibems wuch as rings.

Manufacture
The sl!a:u'ng ouaterial for the manoizciure of the aew
graphite product is pure, properly orieatated graphite. The
distances ietween the planes ane increased by chemical and
kizag tréatment 10 a misliEple of ifs mormal vohse 1.35 & A
very sofl logse materiul consisting of worm-shaped particles
resulis, which can sulw:qumrly hc.mmprﬂsud it the final
product by means of calenclers or presees. The layers of the
gruphite crvstal and the individual particles of the loose, bulk
_material can only be bound Armly ‘together again by the
“pplication of mechanical pressure. Mo binding materials or
fiflers are added. Moreover, in this initia! pressing process
the crystaliographic o-axes of the individual crystal plaies
normeally alipn themselves to the direction of pregure, e
paraliel 1o the surface of the sheet or laminade. In this cons
pection the directional-independence of the chamcleristic
properties of the microscopic graphite ¢rystal becomes cffec-

Table 1.—Physical propecties of flaxiblo graphite

Figraflex £ Sigrafier L
[Eneet) [Lamimate)
Denaty glom® 0811  08-14
Specifio slectrical ressiance
Invtine diswction of the surface o et m g 8
AT right angies (e pancBeiilar)
1o tha surface ehinfmm®m 12100 G107
Anisotragic cosfficent 160 6
Heat conductivity (20°C)
I the dissction of the surface koal/mh*C 180 1ad
Perpandociiar to the surface  kesl/mh*C & &
Anigotropic cosficiant 30 30
Gas permeshilty (sir) [ =104 . =10
Ak pomtant per cant <002 <002

tive in the new materials, as the characteristic properties in
Table 1 ghiow,

Properties

The material is permeable to gases and hquids. Is
resisance to ageing and corroskn is excellent. It does mot
embrilile even uoder arduous working conditions. It is not
attacked by most inorganic and organic chemicals, I is, for
imstance, resistant to hydrofluoric, hydrochloric and phos-
phoric acids, to sodium bydroxide solution and molien
sodinm bydroxide os well as 1o all the usual organic solvents
and also to kot oils and waxes Its wse is critical in the
presance of sirong oxidizing asents and of substances which
can meacl with praphite throvgh the development of inter-
calation compounds, such agens as concentraied nitric acid,
highly concentrated sulphuric acid, chromiom sobutbons,
chlore acid and permanganate a5 well aa aikali and alkali
carth metals. In air id can be used up io #00°C and onder
a blanketing gas up 0 3000°C. The material alao has
excellent  resistancs B0 waration i temperature and
pressure,

The graphite sheet and laminote have a smooth, rela-
tively soft hl'r'q'ir_-rring surface, As 2 nesult of this they
moald  excellently inlo mﬁnﬂ, surface defecis such s
sersched or pitted areus. It should be emphasized that the
material does not fow under either heat or cold, and
remaing completely stable in shape under constant load-
ing. Its good self-lubricating properties are excellent for its
application a5 dry-running. dynamic seals. The coefficient
of friction for dry running is very low with values between
0448 amd 10, The resultant friction heat is quickdy dissi-
pated due (o 1he maserials high thermal condwctivity

Tabla 2.—Sealing charaoieristios for flexible graphite and
& few common seal materials Tor gases
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The charpcteristic sealing value: of Sigraflex F and
other common sealing materials are set out in Table 2,
Compressibifity and the ability to return to s orginal
shape {elosticity) are independent of nominil density, This
relationship is shown again in Fig 1. For normal applica=
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damsity o apphed presaas

Hons the nominal density works out at 140 gfem®. Under
pressure from dhe Aange the deglred final density s
rexched, Under a compression of 14 glem®, for
cxample, scaling aghinst an lcrioc pressure up f
200 aten g is achicved. Figure 2 shows the degree of inde-
pendence of the nominal density 1o specific applied pres-
sures, The nominal density. of Sigraflex can !Ele regukated
within wide limits according 10 the upplication. The high
degree of cornpresaibility for 3 low nominal density allows
its use for two spetial applicstions which could formerly
be performed only with difficalty or not 2t all

Cast L. The scaling of umeven fHanges

The sealing of flanges with uneven surfaces, such as
emamelled parts or ssabing surfaces which have become
damaged theough exireme notching or ermsion. For this
purpose 4 sealing ring of lower nominad density ks used
ag. from 0.2 gree. This s compressed sofficiently by
pressure of the Mange on the nominsl denslty of the
sealing ring, 1o achieve suitsble sealing for the operational
working pressure,

Case L Sealing larger diameter flanges

For the sealing of lrger diameter Manges Sipraflex of
thinner initis] density in the form of scpments & so el
o the seal acaiing that the ends of the segments overlup
one anather by about 1 mm. When the fangs is tightened
up the segmenly are neathy compressed inio one another at
the abotment points, The abutment points are in oo way
weak spots. This techrigue can be applied 1o the replace-
ot of beaking seals on Inrge units of chemical equipment,
especanlly axial mstallatons such as beat exchangers and
stirved vessels. Full dismantling & no longer secestary. The
upper part of the unit is lifted. the defective seal i remaved,
the new seal i the form of ssgments is inserted, the upper
part of the equipment is lowered and the joint is tightened.
The foregeing technigue can be achisved for vertical joints
using point by point fixing with a conventional adhesive

Dynamic seals

When ussd for dyaamic sesling the Hexible graphite is
applied in the formof gland sealing packing rings, Packings
comprising these rmgs are designed specifically for incor-
poratoon under difficull working conditions, They have
bigh croes-sectional consistency of densliy, good seM-lubri-
cating properties and are resistant to msost chemicals, The
friction coefficient for dry operation lies between 0408 and
%10 There & practically no shaft wear. They hawe very
low heat expansion, but high thermal conductivity, The
last-named  properiies topether  with self-lubrication,
mearkedly decrense the danger of overheating the packing
with all s nl artemdant probiems. The malerial io guit-
able for application at kigh temperatures, Tn the asembly of
gland packings, rings with a dersity of 0hd to 06 g/em® are
usnallty so packed that there is little shaft play. In use
the novminal density incresses by betoesn 30 ond &) per cent.

Very good operating experence has been achieved with,
eg. pumps for et oils and waxes and in applications in
the petrochemical industry.
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