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THE USE OF GRAPHITE COGLERS IN THE SULPHURIC ACID INDUSTHY

3y A. Geprgiou, S.A. Hellénique de
Preduits et Engrais Chimiques, Greece.

The cooling of sulphuric acid dates from the very beginnings
of its industrial production. It gives rise te problems posed
not only by the material to be cdnlad but alse by the available
means of cooling it.

The problems pgsed by the acid it=elf, whether diluted or
concentrated, nitrated or denitrated, were easily resolved,
thanks to the "passive" nature of certain metals (E.Q..laad and
iron) when in contact with scids., However, the difficulties
posed by tha method of cooling have proved to be much greater.
Subterramean water, river water and sea water are generally.
used fpor industrial conling. In the first two cases difficulties
arise Yram the hardness of the water, the material in sus-
pension and the quantity available. In the case of sea water,
the matzllic corrosion it caused was the great obstacle to
its use, This praublem produced particularly disagreeable
effects in the Mediterranean area, as for example-at the
Drapetsona Factory in Greece, because of the harmful effect of
ltha varigus =sdditipnal factors,

It is well known that the water of the Mediterranean
contains from 3.5 to 4.0% of NaCl + MgElE. Because of the
gvaporation occurring on the surface af the coolers it i=
quite possible to obtain a saturated solution DI‘EVEH‘E deposit
of salts on the metallic surface,

ithe temperature of the =ea water varies during the course
of the year Trom 13° %o ZB?,E, a0 that the effluent water

pasily reaches ADDC,
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Finally, to complete the picture, we shaould mention the
malluses, seaweed and other mico-organisms, which are depogitédlin
the relatiVéi&ftféHﬁqii‘par£s of the water disfributiun system, in
the sluices, tHe Eends.in‘ths pipes and the distributors,

Under the influence of a high temperature these organisms can

multiply at such a rate as to block the eircuit.

The following material was successively used for the con-

struction ef coolers at Drapetsona.

1, Lead, - Coils made ef pure lead were the first cooling
elements used for suylphuric acid. The choice arose from the.
lead chamber process, from which the technigue was taken,
Aowever, the high degrse of nitratien encountered in the modern
systems of absorption fowers (equivalent to as much as 6% HNDZ)
and the high concentration of contact process acid {up to 98,5%
H2504) caused lead td be easily attacked. This corrosion is so
serious that one can no longer talk of the "passive" nature of

this metal,

2, Cast Iron. Cast irun_has been widely introduced into

. the sulphurit acid ingystry. ‘It‘is,va&y:resistant to highly.
concentrated, nitrated scids, Unfortunately, it is not simi-
larly registamt to warm Mediterranean sea-water., Even with an
average silica content, the life of the cast irom in.the coslers
iy limited., This is exclusively due to the chloride content of
the sea water snd to its inevitsble cancentratisn by evaporation,
The truth of this hypothesis was clearly demonstrated by period-
ically replacing the sea water by fresh water: acid leakages

ceaged immediately.

Similarly, exact measurements of the internal and external
¢iemeters of the pipes in the coolers proved that, whilst the
internal diameter, i.e. the acid face, remained constant, that
of the external face, in contact with the =ea water, continually
decreased and, =t the same time, hecsme covered with quite a

thick layer of corresion, This layer of corrosion was a con-
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sidorahble obstacle to heat fransfezefitc through the walls of

the cast iron pipes,

3., Acid-Resistant Steel. We tested 3 series of acid-resistant

steels obtained from Germany, Sweden and America, Moreover,
measures were taken to prevent the formation of electric cells
with other metals, The resﬁlt was always the same: a great
resistance to acid attack,lbut a serious cnrrnsinﬁ by =ea
water, It was also proved that acid‘rasistant steels have

a considerably reduced resistance to highly nitrated acids.
The preliminary treatment of these acid resistant steels by

a weak solution of nitric acid always promoted their resist-

ance,

4, Glass. This material is undoubtedly resistant to acids.
as well as salts. It cam thus be used without fear of
corrosion for the fndustrial cooling of sulphuriec acid:
. Nevertheless, its sensitivity to.pressure and tension dis-
couraged us from using it, In view pf similar difficulties
which arpse in the United ¥ingdom, the use of glass for

this purpose 4id not seem to us to ke very promising.

9, Impregrated Graphite Grsphite has become an important
cconstruction material inwfbe dewélnpment of the chemical
gindUEtIy. .Two essential gualities have particularly con-
tributed to this, It is highly resistant to chemical
ettack amd it is an Excalleﬁt heat conductor. Mdareover,
its excellent resistance to temperature changes, as well as
its electrical conductivity, make it an exceptional con-
ductor of electricity: Graphite has a certain slight
.pDrQSity, but this can be eliminated by impregnstion with
scid resistant synthetic resins, and, as is very necessary
in the case of coolers, perfect water tightness can thus

be nhtained.

The esegential properties of. graphite are given in the

following table:



Table 1 - Specification of the properties of graphite

SREEATIC WEIGRE  wsrerrnsrrnnesreeeensennee 1 Bor.130%0koR
Volume af pores | ....................-...;. o
Resistance to FLEXION e eswisorosrvorrsers. 300 - 350 Kgfﬁma
Resistance €0 tENELON  +eveerenrereorsnases, 100 -~ 170 "

Resistance tn'p;EEaure‘.......;.....--.y---; 500 - 1000 "

Hardness ,.,,,_;.¢,........3.............|.. i5 - 50 "

2 a]
Hest conductivity .oveverececvaseasnsnneavs, 90 = 120 Kzal/m™/m/M/7C
Flectrical TESIiStanCE ..ves.vssessssnasss.ss 850 = 1408 ohm/cm

‘ -6
Coefficient of Expansion ...eervivevacnnans 6 -~ T7.10 em/°C

(see Hilliard, "Developments in Graphite Heat Exchangers ard

Equipment", Industrial Carbon and Graphite, 1555)-

The cascade type of cooler, comprising a rumber of straight
pipss with an intermal dismeter of B0 mm and an external diameter
of 100 mm waz selected as the most appropriste form. Cubic blaocks
of graphite are joined hermetically to the ends of the pipe. Thase
blocks enable the direction of the flow of acid to be EhangEd
through 50° anrd also serve to mount the pipes together. A vertical
coll of pipes is faormed by the pressure of several pipes mounted
together. The acid circulates inside this coil and sea water

has;adaa down the outeide.

The first experiments were carried out some ten years 8go

with experimental miniature pipes and coolers,

To this end we used impregnated graphite from various,
SOUrCEE, Althnugh we were quite :ﬁnfident of itz resistance
-to wq#m =Y=F- wétar,'wﬁ knew very little =zhout its resistance
to highly nitrated acids such as occur in the modern absorption

tower systems,

A long and systematic series of experiments finally showed .
that impregnated graphite cen bhe used, without any reserve what-
soever, for the cooling of nitrated sulphuric.aﬁid‘uf 70 - B0% H2504
and with a nitrose content of up to 10% calculated as HNO3 36784,
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The following details complete the description.

In mid 19538 we installed 78 cooling pipes with & total
syrface area of about 60 m2 and another 52 pipes with a
total surface of 40 mE heve heen installed since April, 15860,
The coolers work continuously. After a further extension
in 1962 and‘early 19583 the total evailahble sﬁrface area
of impregnated graphite was increased to 160 mz. During
this time we have opbserved no decrease whatsoever in the
thickmess of the graphite and there has been no rupture.

A few rare lEEREQBS;haVE occured, but only at the joints
between the pipes and the blecks and betwesn the blocks

themselves,

We remedied the former case by first emptying the
pipe in question and then applying an appropriate ad-
hesive material. In the second case the leakage was elim-

inated by using better jeints.

Dotaills of the nitrated acids used are as follows:

Acid denzity 8% 1570 ivieuiissrienvaraesniess. 58,5 to 617BE
Nitrose content as % HNO3 367BE v.uvvevsessses.. 5 to 10%
Temperature of acid on BRETY .rrirrcvrr--rsessss (0 tO 100°C
Temperature of acid on exit +.evrranrrersrresras 45 to 55°C

Temperature of sea water, entry-exit, o
during the SuUmMMET ...essvrsvannenss 27 = J8°C

Heat transference per m2 of conling surface, with a pipe
thickness of 10mm, was measured on several occasions and was
found to be equal to YSU‘K:al/mE/h/G C. Thislia five to six
times greater than fox lead. It was even greater than we had

foreseen,

The satisfactory results of our experience to date encourage
us to extend the use of graphite in our coolimg squipment. At
the same time, however, we intend to examine the effect on the

material of higher degrees af nitration,



