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1, INTRODUCTION

After several years of operation, one of our sulphuric acid
contact plants, with a production capacity of 100 tons per day MHS
(100 % HESO¢ ) has reachecd the end of its planned working life.

The raw materizal used is Portuguese pyrites, the roasting plant
consisting of four furnaces, each turning 20 tons per day. There
are two hot electrostatic precipitators in brick work. The gas
purification section has two towers through which weak sulphuric
~acid circulates, and four cold electrogtatic precipitators for

HEO separation. There ig also the drying tower, the four-stage
converter and the absorption fower.

After examining the purification and conversion installations,
we decided thiat, by introducing some slight modifications, 1t would
be ‘possible to increase the insgtalled capacity to 150 tons per day,
if the sulphurcus gases could be brought up te & minimum SOE
concentration of 10%,

It was thusg necessary for each Turnace with cight hearths and
a diameter of 6.5 m, should be able to roast 30 tons per day of
pyrites and produce gases of a 10.5 % concentration at the furnace
exit with pyritcs cinders containing 2 to 2.5 % rcsidual sulphur
in sulphide form, This composgition is, in fact, best suited to
chlerinating roasting, before the blast furnsce stege.

After considering the integral plan for using the pnroducts
derived from the pyrites, we aimed to recover the waste heat from
the sulphurous gases for raisging steam. In this regard, we had
had very good results in another factory belonging to our group.

2. POSSIBLE SOLUTIQONS

Before continuing, we should like to review the likely
golutions to our problem of obtaining sulphurous gases of the
desired concentration of 10.5 % 80,

2.1 - Sulphur combustion
2,2 = Uge of fluidised hed furnaccs
2.3 - Receyeling zystem



2.1 - Bulphur combustion

IT the heat of conversion is included, a high vielad accompanied by
& good production of steonm (1,150 keg/t WHS at 45 kg and 250°¢) is
obtained or, if the steam expended during sulphur fusion is
deducted, 1,000 kg/t MHS is producced. As sulphur waz cheap at the
time the problem was being considored, this soluticn wanz of interest
from the ceoncmic reint of view in the light of the relatively
moderate investment which would be naodad,

However, this would have necesslitated = shut-down of the
furnaces, the hot eloctrostatic precipitators, the purification
towers and the cold clectrogtatic precipitators. Although the
latter were not ready +o operate, they could be repuired
ceconomically. B A -

2.2 — Use of fluidiscd bed furnasces

Another solution congisted in replacing the existing hearth
furnaces by fluidised hed furnzces, the stesm production of which
is about 950 kg/t MHS, and therefore betber than that obtained in
the rorgal hearth furnaces (600 kg/% MHS), taking steam ot 45 kg/cm?
and 2507¢, S L
:

2. Difficulty of utilising the pyrites cinders, because ol the high
arsenic content of the Fortuguese pyrites, the average composgition
of which are indicated in Table T below,

TABLE I

This selution has the Tollowing dlaadvantages:
o] ta

1. Heavy investment, Jeither the furnaces nor the hot electro-
static precipitators can be uscd. e L

Mines . e | = As Cu Zn Pb
S.Domingos... | 41,0 | 45,5 | 0,54 1,05 | 1,75 0,67
Lousal v.o... 41,4 1 44,8 | 0,41 0,61 1,55 0,66
Al justrel ., 39,9 | 45,5 | 0,41 1,26 3,08 0,67 |

—
derive maximim profits from the sulphur content by transforming i+
inte 50, and by producing copper sulphate, giving it a maximum
Bolubility in order +o geparate it hy simple washing.

For many yvears the ain ir roasting cuprous pyrites was +o

The strong competition of very cheap elemental sulphur obliges
us at the present time to utilise completely all the possibilities
in the pyrites, and we thus obtain in addition

a) iron oxide from the pyrites cinders arnd

b) heat for the production of steam,

Roasting thus bhecomes an operaticon designed to produce S0, and
the maximum usable heat encray, thus decreasing losses in tha
procesgss  whilgt the pyrites cinders arc breparcd in such & manncr
25 to afford maximum yicld in +he succeeding operations designed
to extract their metal content. This process can therefore,be
considered as the iniltinl phase in the overall metallurgical
treatment of wyrites.

The arsenic content of pyrites cinders ig of fundamental |
importance for the stecl industry, and the maximum admittod is .
0.08 #. As far os hearth furnaceg are concerned, there is no
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difficulty in mceting this gpecification, but this is not the caszc
with fluildiged bed furnaces. In the latter, sbout 80 % of the
arsenic is fixed in the cinders. Thore sre spocially constructed
furnaces for roasting in two stages, where thoe nrsenic can be
disgtilled, lsaving = moximum “vuiduv in the cinders of 0,1 % if
the pyrites have from 0,2% to 0.5% arsenic and it the average does
not exceed 0,35 %,

With fluidised bed Turnaccs, the devaluation of the cuprous
pyrites cinders,resulting LTQ” a Lower yield Trom the solubilisation
of the copper should =lzo hoe borne in mind.

The "fluldised bed furnace" solution connot boe Fmﬂaiﬂered in our
case, as the average arsenic contunf of” Portuguese rites
cxeeeds thoe maximum &nwﬂttﬁu smount {0.35%) montlnnvf chove.  So
far, we do not know of any fluidized bed Purnszces which glve
entire satisgfacticon when mlnﬁ Portugucse pyrites cinders for the
gteel industry.

2.3 = Recycling systom

After making calculations relating Lo the neow operating conditions
for the furnaccs, we obscrved that there was =n exceoss of heat
which would causc the tompersture to rise above the lovels which
can be tolerated by the metallic parts of the furnaces.

It was thercfore neceseary to deduct this excess of heat, thus
limiting the capacity of the lurnaccs and preventing us from
attolning ocur cbjective, i.e. 30 tons per furnacc. The problem
wag rcgolved by reeyeling o pard of the ouphurou goe lasulng
from the Turnaccs alter cocling it to about 400YC in wogte heat
beilers., It wos more logical 1o rbcyolu the gases after de—dusting
in the hot elecctrostatic NTLPLylt“ ord, but the latter could not
accommodate the planned incrcaso mn the volume of gases, After
selecting a sultable flow of gas, this sbsorbs the cXcess heat
glven off in the furnsce and transmits it to the boiler in the
Torm of ealorific eonergy to inerease stonm production,

3. - RECYCLIVG SY3TEM

This uyhtou is curreatly uscd to regulatc temperatures ingide
Tluidised bed and turbulent layer Jurndobuﬁ At the time of drawing
up our pl@na, we did not have 1ﬂj concrete results on dits
application to hearth furnaces

The nain edvantoge of the 1r@0u%u lics in the Ffact that the
specific production of gteam can be increased and can reach levels
of 800 %q 900 keg/t of 100% H,50,, expresscd in steam at 45 kg/em2
and “50 when the tomperatfire Tof the exit gascs from the boilers
ig 350°¢ Moraavwr, loszces of heat through defective insulation
ot the {ATHFOQ, the beiler and the gas collectors is avoided.

Thus stean production by the three procosscs (sulphur combustion,
f1ULﬂlqu bed furnaccs and hearth furnaces) is mere or less cqual,
and this nullifiea the disadvantage of the ong or +the other.

The distributicn of ernlorific cneregy involved in Tte combuation
of pyrites in hearth furnnces is usually =s follows:

sulphurcus gas’ 65
cocling air 20%

varioug loggcs
(cinders, radiation,

ete, ) 15%

One could thus inmprove the heat rocovery yield by trying to
decreasce the losses.

Only 50% of the heat carried intoe the cool air from the shaft
and Sarmeg 1g used in the oxXehanges wheroe weter is heated up to
200" C. If thig air were re-cireculsted intc the Turnace ingtcad
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of the cool air usced for cnmbuqtinn, 20% of the hest present in
the furnzce would be conplotely used up., This systom has long
boen in use in blende Murnacog, ‘

We thL learnt thet one instelletion uging pyrites 1s now in
UL\)#HM o Othor Jusgsces crm be ods lossencd if the insulatio
ig deoslg D.:.i gutielacterily.,

Another sdvantage g the inercase 1n spocific capacity of the
furnaces (kg of sulphur/m® of surface of .the bed), boeause it
becomes possible to control cxceoss temperaturc,

Thaere are also the following advantascs

cw

Groaver uniformity of distrivution of the temperaturcs through

the varioua hearths of the furnace , with climinat 1un of the usual

arcas of cxecssive hent. Higher concentrations of 8 can be

obtwlﬂcm, for the incrcase Iin temperature which res ul%s no longer
reates a problem, Since the temperatures in the hoarthz can be

eontrellud with great precision, incrustation can be retarded,

and this decreascs thoe number of times cach hearth has to be

cleaned out and thus aflords more regular operaticn., Wear

cre the teeth also decreases as = result of » better thermic systen.

=

In our particular case, the plﬂ;ﬂau preduction of atean was
720 kg/t MHS ot 45 kg/em” and 2507¢, bearing in mind that the hot
electrogtatic procipitators roqu1ruxﬂn Eh iy tun crature from the
boilers of an average of 400 to 420° 0, corres %ding to 82% of
the heat utilised at an exit tcmperature of 350

Because of production requiremnentsw had to anticipate the
gtart-up of the plant. The planned meodifications 4o the form and
glope of the teeth, =28 well as in respect of the number of
rotations of the szhaft, have not so far been considered., The
cperation of roeyeling in two of the four existing furnacesg hae
increased steom production from 520 ke/t to 630 kg/t MES, fThis
regult i in conformity with our C”lLUl Ilﬂhd.

When we started up the reeyeling system, we resgulated the
furneces merely by blewing oir into the lower hearth by menns of
the ventilator which is inscrted there. We had no difficulty in
reproducing the system of tenperatures obtained with normal control,
In the hottest hearths of th two turnaoo with which we experimented
we obtained ftemperatures of 850 +to 880 C. These were too high
Tor our typoe ot pyrites, fur they rcguire a very CGﬂSlderle
anount ol work to maintain the Turncce in good working condition.,

After introducing the recirculation gases into the third hearth,
temperature decreased lo 820 +o 830 O the entry uvmpurfturv of
the gases into the boiler having ducruw“ud from 800" to 770° C, as
plennod,

We tried to verify whother the arsenic carried in the sulphurous
gases was fixed by the Fe 0, prosent in the last hearths of the
furnaccs We recycled thé gulphurcus gases through the seventh
hoeorth lur A48 hours.The srsenic content at the centre wes raised
from 0,08% to 0,21%,

Howover, r@oycLing through the unper hearths does not affect
the regidual arsgenic content, for there iz practically no FGEO.,
as can be ocbserved by snalysis of the sulphur content of the 3
pyrites tc be trested., The amounts found in samples taken from
the varicus hearths are indicated in Takle I7T.
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In these hearths, we mainly observed the liberation of the
sulphur atom necording to thoe reaction

Fo 5, c—cemmme— Foe 8+ 8
which correspoends to 50% of the sulphur prescnt,

In one way one can say that only after this sitage does Fe,0.
begin to form, <3

4, MODIFICATIONS MADE T0 TH&E FURNACE

since the flow of sulphurcus gases wag to be incroascd by o
maximam ol 23%, it was necessary to examine the Zns CXIt socetlions,

For the roeycled sulphurcous goscs we planned inlets into the
3rd, 5th and Tth hearthsof the furnsce., Tor the roaster air
blown Ln by the ventilator, we designed inlets in the botton
hearth.

Between the furnace exits and the boiler there 1o 2 dual
purposc chomboer for
u) trapping some of the dust arising from thoe deoercase
in the specd of the gases, and
b) complctely burning the mtuwx/@d gulphur distilled
by the pyrites in the first snd socond hearths of
the furnace,

The metallic part of thoe intericr of the furnacc, the armg
and the fteeth, have undergone mcdifications. The percentage of
ohvowv in the metal olloy usced has been incrensed to prevent too
pl@ corrasion due, to the higher working tomperalures
(850 C instead of 75070, s mentioned above

To improve fthe digtillation of lead, pyrites werce admitted
dircetly into the third hearth., A4 NTU“(HI wi obtoln levels
¢l 75 to 82% lead distilled, instead of ahout 509% belure.

D WAJTB HEAT BOILERS

Dortuguese pyrites, wiin high
arsenic ond leod contendls, give riss to tﬂu

formation of extremely hord incrustation in the boilor tubes

which 1s difficult te coliminato. For this reason, when

gselceting o bollor we have tu choose o type offording cas

cleaning of the tubogz.

In 1950, at the time of the installation of the First boiler
in thig factory, we chosge o type with horizontal water tubes
with cast iron protective jackets, for we werce then still
unawere of the noture of the inerustotion, Cleanine wng corried
cut by rtlowing air through the tubes. The boilcer, which worked
at an el fective Pressurc. ot 18 kg/em2, becnrme very cosily blocked
by the incrugtation which scmetimes completely closed down the
whole ncat of tubes.
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This experience led us to construct in -another works snd in
collaboration with a German firm of gpecialists, a vertical
boller with double gas tubes and with mechanienl cleaning, working
at 45 kg/cme,

This solution is very sotisfactory and we alrendy have two
boilers which have been working in this manner for nearly 3 years,
without any serious problems having srigen.

The greatest obstocle 1o be overcome was that of the mechanical
cleaning, for the construction of the spparatus was very difficult,
the tubes requiring 4o be 8 m. long in view of the size of the
Piping. However, the problem was solved satisfacterily, and our
two cleaning installations arc now working fairly well,

AT the time of modifying the roasters, in order to facilitaote
the construction of the clecaning instellations we planned to
have the boilers divided into two flues, which has had the offect
0of reducing the height of the boiler by half.

Apart from the heat from the sulphurous gases, we also recover
part of the heat from the cool air from the shaft =nd orms of the
furnace. This recovery allows us to raise the temperoture of the
water up to 2007C beforce its entry into the bhoiler. ‘

5.1 - Description,

We have had the two boilers constructed independently of each
other, because it secemed advantageous to us to be able to isolate
one boiler completely for repairs or inspections, without
disturbing the cperation of the other,

Each boiler is coupled to twe furnaces. The gascs pass through
the two vertical flues forming the beiler, from top to bottom
through the first, and from bottom to top through the second,
Between the two flues, in the upper part of the boiler, there is
o gtainless steel regulator which lets the gases through witheout
cooling them., The temperature of the gases at the boiler cutlet
are regulated easily and efficiently - = most importent point
for the good working of the electrostatic pricinators.

Each of the main pipes is formed by nests of double tubes bound
together at their ends by oval holders., The gases circulote
inside the tubes cf leamst Ciameter (93 #) and the water
circulates in the apace left between these tubes (fig.1).

The length of the tubes is sbout 4,600 mm, The first Tlue is
formed by 7 nests of 10 tubes, and the second by 6 nests of 10
tubes, This difference in the number of ncsts serves to maintain
the speed of the egaseg roughly cqual in the twe flues., In fact,
the average specd is about 11.4 m/s in the first flue and about
10.2 m/s in the second, '

5.2 = Incrustotion

The most difficult and, o5 yet, unresolved problem, in cur
opinion, is the inerustation of the tubes. ‘

Portuguese pyritcs produce excessively hord sznd adhesive
incrustations in the flues, and this wzkes cleaning very
difficult, This incrustation consistes mainly of arsenious
anhydrides, The following arce the details of an analysis of
the incrustation in parts where the gases are hottest =nd also
where they are coolest.
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On the basig of this analysls we may especinlly cbserve tho
existence of sulpnuric acld, which could not be present 1f the
gystem 50, + Hy0 veesssHa580, was in balunced operation, for the
temperature necessary for tﬁe tfornation of sulphuric ocid (2007C
under our conditions), is much lower than thet of the well of the

i 0

We attribute the formation of this acid to the action of some
compound acting as an oxidising catalyst of 50,, giving rise
to the formation of 80, in high localiged concéntrationg. The
letter combinces with tﬁe steom prescent in the goses and Torms
sulphuric acid at tenperaturen cxcceding 256°C.

The acid would react with oxide and form sulphates, whicly,
having & bigger volume, would compress the inerustation and make
it very hard. This explanation 1s hypothetical, and we hove been
unable to confirm 1t

5,3 - Cleaning of the tubes

Because of the incrustation formed, we needed a mechanica
system of cleaning enabling ug to maintain the tubes suffilciently
clean tc guarantee efficicent sTransmission of the hcat.

The aystem of cleaning adopted comprises [our ghalts guided by
severanl sockets placed in the tubcs. This sytem is Very riglid and
docs not give rize Lo much vibration (fig. 2). At the end of the
ghafts there arce cleaning hends with blades which, whern rotated,
open up and Scrape away The inerustation. The efficlency ot the
plodes is, of course, greatel the higher the specd of rotation
of the cleaner shafts. Unfortunately, the vibration does not
allow ug to exceed 500 r.p.i.

However, the cleaning 1o antisfactory =nd the boiler can
operate Tor a year with constont preduction of the same quantlty
of ateam., The clenning is carried out once or Twice per Aday.

Degpite the mechanicel cleaning, inerustations of about 5 mm
thicknegs continue teo form, and it iz necezsary to ¢linminate them

each year. There 185 thorefore an annusl shut-down of the bollers
for 4otzl cleaning.

This cleaning is carried oudb firgtly by means of o high-gpeed
rotating device with 2 special cleaning hood. This eliminatces
most of the incrustoticn sdhering to the tubes. fhen the 1n-—
crustation reaches a certain degree of moistness, the cleaning
ig stopped ond the process 18 continucd with o 20% solution of
caustic soda (GOJC), which otiecks the incrustation and completely
cleans the flue.
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This systen of cleaning hos been a complete success,

We have observed no +races of corrogion in the

1 j boiler in any
of the inspections we have carried oLt,

5.4 - Performernce statigtios

The following are some of

: the characteristic performance
statistics of the boiler '

~ Heating surfacec

- Gaa flow

6,100 W mB/h

- Inlet temperature 7500

- Outlet tempersturc -
lat flue 460°C
2nd flue 34570

- Trensmission factor 1 =2 1
lst fluc 21.5 Keal h™m™ “a0™*
ond flue 22,7 Real h™im~2pc~t

- Gas apeecd

1st flue - dnlet 13.4 m/s
- outlet 9.5 /s
2nd flue = inlet 11,0 m/s
- cutlet 9.4 m/s
- Reynclds Vzlue
lst flue - inlet 12,000
- outlet 13,000
2nd flue - inlet 17,000
- outlet 18,000
- Theoretical Temperatures -
1st flue -~ water temperature 2567(C
Temperature of the iron
tube .
- interior 257.4°C
- exterior 258°¢
Temperature of the
inerustation )
-~ exterior 2g2¥ ¢
Average temperature -
of the gas 586°C
Znd flue - water temperature 256°0
Temperature of the iron
Tube o
- interior 256.,6°C
- extericr 257%¢
Temperature of the
incrustation
- extericr 272%¢

Average temperature o
of the zas 407G



- 9 -

- Steam producticn per unit

of surface aren 9,5 l(m/rr /h
- Flow of steam per hour o .
for the boiler 1,650 kg/h
-~ Stear production per ton of
acid | 550 kg/t/HESO4

HANDLING OF THE FYRITES CINDERS

A1l pyrites users know the difficulty of aveiding atmospheric
pollution from the dust arising from handling pertU“ with an
insufficient mgisture content (6 to 8% water i the minimum
sulitable 1uvelj

e have planned snd designed an installatien for our factery which,
in view of the good results obtained, we describe below,

This ingtalletion consists cosentially of o chaoln conveyor,
n dempening worm conveyor and o skip (fig.3).

I'd

The furnece cinders are discharged at o teanperaiure of SOOJG
onto the chain conveyor by £ravity. We have placed a sieve
with aperturce of 30 mm in the chute connecting the furnoce to
the conveyor, in order to prevent large sized lumps entering
the conveyor, ag thisg could affect 1te cperation advers ely.
Tnitially, this grill had o vibratory movement which we
subsequently decided was not necessary. The chaln conveyor ig
cogled by fresh watcr, the temperature of which3wuat not oxceed
40¥C. The flow of water is considerable, 400 m” per day, and 1s
used in another factory as reoction Wdieio

With regard to the coasgtruction of the conveyor, 1t was not
at first completely water tight snd this led to corrosion in
placea. After fthis wazs reot1+lud thers waeire no further
difficulties.

The conveyor discharges the pyrites cinders onte o dampening
worm conveyor,., An additicnazl worm conveyor s in reserve. The
design of this dampening woern gear was very carefully made.

The envelope is lined with anti-corrosive ceramic bricks mortared
together with a speeial cement. The pyrites are conveyed forward
by means of variable angle blades in special anti-corrosive
gtecl,

Experimental economic study of the matcrials Tor the parts
in contact with the meoistened pyrites showed that mild ateel,
which is nermzlly used, is not the most economic material,
although its cost per kg 1s ten {times leso, Ve ulSU made o study
of the sprinklers, the total flow of which is controlled by a
rotameter to ensure suitable moistening, bearing in mind thelr
working pressure (1.8 kg/em2) end the angle of 1he cone of the Jjet.

From the moistening wornm conveyor the cinders are discharged
inte a emall tank, the lower aperture of which has a trap valve
governed by the skip itscll. When the skip 1s in its lower
position, the trap valve 1ls open. When the 'kip moves awsy
the trap valve is closed to prevent the pyrites falling through
on to the ground. The movement of the ﬂklp ig governed by a
clockwork mechanism which is suitably regulated so 2s not to
exceed the carrying copacity of the skip bucket,

The skip discharges the cinders inte o large tank, from which
they are transported by hopper wogons (Tiz. 3).
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