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This report is not intended to be
: collection of technical data. In-
tead 1 prefer to present a general
iew of our experience in air and
-ater pollution problems which had
- be solved in our plant at S. Vit-
are in Switzerland., I shall point
-2t the problems encountered, the
-.sign changes made, and lastly, the
«-ults attained.

Qur company has borne enormous
zpenses for the installation of pol-
ition control. The amortization and
werating costs of these plants, and
qe limitations imposed on produc-
on by the authorities placed us at

grave divudvanlage o eoinpurisen
uth other ferroalloy producers. Vv
rust, therefore, that in the near
ature many of our competitors will
2 forced to assume similar smoke
:oatement expenses. In common
cency, however, it cannot be
zished that our colleagues be in-
olved in such an ordeal as we have.
sne through, such as federal and
ate  investigations, court cases,
ress and television criticism, in-
zections and checks of all kinds.

We shall be glad if our experience
i useful to our colleagues who have’
1 tackle problems of fumne control.

GENERAL DATA
The Company Valmoesa is part
fa group which has been producing
el and ferro-alloys for many
2ars in Switzerland and Italy. In
136 our group was graated inter-
:ting hydroelectric concessions for
+o0 power stations on the leit de-

ivity of the Mesolcina Valley
southern Switzerland) by the

avernment of Kanton Graubiin-
2:n, There we constructed a 60 mva
~wver station with a production of
sut 200 million kwh per year,
acentrated during the months of
sril to November.

The  Gowvernenint intended  to

NZO FERRAL is coneral moagzer of Yel-
o, S Vit /G2 Switzerlznd.

1iand,

by Renzo Ferrari

favor the industrialization of a still
very poor valley. Different compa-
nies were interested in the conces-
sions, but we were given preference
because we committed ourselves to
the Government to build an indus-
trial plant in the Mesolcina Valley
which would consume as much as
possible the produced electrical en-
ergy—in any case, not less than one
third of the total.

The hydro-eleciric concessions
were obtaine? in July, 1956 and
Valmoesa founded in June, 1957. We
decided on a ferro-alloys production
with a high unity coneurmnticn of
energy and partwcularly  silicon
metal and silicon alloys because
there is good availability of quartz
in the Valley.

The first construction project in-
cluded the following:

Three 3-phase 9000 kva furnaces
for silicon metal, FeSi 75, and
CaSi

Two single-phase 2500 kva fur-
naces for FeSiAl, FeSi 45, and
FeSi 25 ’

One 3-phase 4000 kva furnace for
steel ingots and castings.
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The 9000 kva furnaces were meant
to be operated for about eight
months of the year during the period
of high production of energy from
spring through autumn. The single-
phase furnaces and the steel fur-
naces were meant to be operated
during the winter with the chief
aim of maintaining the labor force.
The construction of the factory
and furnaces was to be carried out
gradually within about three years,
following the erection of the power
stations and energy production,
through the following program:

1956—-firsi 2280 kva Fwrnace and
two single-phase furnaces

1960—sccond 9000 kva Furnace

1961—third 9000 kva Furnace and
steel furnace

FACTORY SITE

While designing the factory lay-
-~out, Fig. 2, the following usual tech-
nical and economic conceptis were
kept in mind: railway facilities;

highway connection; proximity to
power stations; flat land with water
availability; living conditions for the
Jabor. )
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Fig. 1—Construc

tion projcct 1957,



Fig. 2—Sitc of the factory,

It was considered that a 37-acre
plot near S. Vottore was ideal, the
" Ticino border being 300 yds south
and Bellinzona (capital of Kanton
Ticino) lyving at a distance of 4.3
miles in the same direction.
The chosen area is nicknamed
“Siberia” by the local inhibitants,
,and on ‘ncuirine intn the reason for
this we learned that il is because
the area is very cold in winter and
hot in summer. This was our only
meteorological test and the dismis-
sal of the meteorological and geo-
graphical problems was an error to
be dearly paid for in due course.
As a matter of fact, the wind mea-
surements carried on’ during the
following years showed that, had the
factory been positioned just a few
kilometers further up the Valley,
the smoke problems could have
been substantially reduced; I will
explain this later.

EXPERIERCE VITH THE SKIOIE
ABATENMENT PROZLEN

Normally, the fume collection
problem in factories starts after
years of undisturbed work with frec
emission of smoke. If the collection
facilities have to be adapted to old
" furnaces in existent buildings, there
are many justifications to tempeor
the arbitrary imposition of controls.
On the contrary, pollution problems
began at Valmoesa immediately
upon study of the plant project. As
a matter of fact, in the factory build-
ing permit dated Feb., 1857, the
Home Ministry of Kanton Grau-
biinden documented the following:

“ .. The utmost attention shall e
paid to purifying the fumes. The
Company is now cattion ' thot
smoke efilux greater than thal of
a normal chimnsy will not be
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tolerated. The Company is re-
quested to forward a dctailed re-
port concerning precautions they
consider appropriate to take. .. .

Previous experience of our group
were as follows:

1)

2)

3)

1955-1955: a closed-top 12,000
kva furnace in an Italian factory
neoadueina miy onan and Rrandard
FeMn. Desiring to recover the
gas in order to usc it in an
open-hearth furnace, a Theisen
centrifugal collector was ap-
plied. After some difficulties at
the start the operation and
efficiency were perfect. Gas
entered the collector at rate of
2000 Nm*/h at 800°C and con-
tent of solids was 200 gr/Nm®
Exit gases were 30°C and con-
tent of solids 0.015 gr/Nm?® No
complaints were made concern-
ing the dirty waste water of
70 m*/h which was discharged
into a canal,

1953-1954: two open three-
phase 6000 kva furnaces in an
Italian faciory producing stan-
dard SidMn. Collection was by a
cyclone battery with efficiency
about 15% and retention of the
dust only bigger than (.25 mm,
These very bad results did not
justify the suction costs. The
factory was situated in an open
valley with a traditionally indus-
trial population. The com-
plaints were modest and there-
fore the authorities ncver did
insist on any controls. In 1961
the furnaces were shut down
for ecornmic reasors.
1852-105%: one three-pt
€000 kva Jaraeecc in 2 foctory
in Switzeriend in Kanton 7, al-
lis, produci~ CaSi 30/¢0 and
¥eSi 75, The valley ventilatod

- p .

zone with other factories« pro-
ducing aluminum, marnesium,
and calcin carbide, Adv poiiu-
tion control was attempted us-
ing a water-spray meothod pro-
poocl by too speciilived man-
wlocturers with no va:tive ra-
sults. The problem wus 1e-
solved by paying indemnities
to the farmers near the faclory,

Our previous pollution control ex-
periences proved to be not useful
to us in solving our prot

chlem &t
Valmoesa. We believe ther had =
negalive influence, maxing us in-
sensitive to a tremendous problem
which heretofore we thought was
readily solvable. The limit stated by
the authorities concerning the smoke
eflux of the S. Vittore factory to be
not greater than that of a normsz!
chimney, cannot be considered as
well defined. What are the charac-
teristics of a “normal chimney” and
what quantity of fume does it emit?
Because at this time we did not
properly recognize fume problems.
we neglected to define properly this
important issue. Our approach was
to assure the Government that we
would supply gas clearning equip-
ment for the first 9000 kva furnace
and ve began immediciciz to study
the problem. It was noi at &il possi-
ble to find literature or reports c?
experimentis on this subject. On the
other hand, it was casy to find pub-
licity and promises from equipmeit
manufacturers. Today some techni-
cal reperts of great interest and usce-
ful orientation are available, Ten
years ago the situation was very
diffierent with only a few furnaces
for the production of ferro-alloys
making attempts at gas cleaning and
purification. '

We contacted different manufac-
turers, keeping in mind installation
and operating costs and guaranteed
efficiency. We avoid naming tre

i

Fig. 3—Verturi cloanar typs
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‘9. 4—Furnoces and cleaning equipment 1967.

sanufacturers since we do not in-
end 1o publicize those with whom
se were successful, nor do we wish
3 eriticize those who delivered un-
atisfactory  plants.  However, 1
-asten to add that we received from
11 their best cooperation and indeed
je  difficult technical problem

reiz! lose to our supplicrs

finoe
3 well as ourselves.

In Feb. 1958, we ordered a cleaner
f the Venturi type. The working
srinciple of this method and layout
fthe plant are indicated in Fig. 3.
Ye had been able to ascertain the
Jectiveness of this filter when deal-
ng with fumes from calcium car-
1de and steel furnaces; the appli-
ation of the same equipment on
ilicon alloy furnaces was unknown
n the Conditions of Sale for
leaner for fumes from silicon metal
nd FeSi 75, a guarantee was in-
luded of a maximum content of a
10 gr/m® dust in the purified gas.

HISTORY OF PURIFICATION

The Venturi-Scrubber was ready
1 Sept. 1939, Prior to this, for a
2w months in 1958 and from April,
539, the first 3-phase fwrnace (Fur-
ace No. 3) was producing silicon
aetal: the greal accumulation of
moke in the Valley was a disagree-
ble surprise. During the night a big
sushroom of smoke was formed
bove the factory; the com'ﬂa
ainst the greencry of surrow
sountoing and the view from b 1—
nzmla——the smol:e being botween
“e town and thc riz
Swd e pliae
o first protest
Jthoritices, it w
1 pou ien by showing
s given with the cle

4

ul':;:; to be cuornsiru

this

hopes with respect to the eT.ciency
of this cleaner broke down during
the 1960 campaign. Only a maxi-

mum of 30% dust was inte cepted,
vet there was an enormous dzvelop-
ment of water vapor which

worsened the visual situation.
In Aug., 1960, tests were canled

out on a w ny_ and = ¢ MyoEn:E . Toaing
plant, both working on the ¢lsctro-
static principle; each plant was

capable of handling 10,000 Nm'/hr of
gas. The situation was by now very
precarious, because it was necessary
to consume the cnergy produced
(the power siations were not yet
connected with the general distri-
bution network), but the authorities
refused permission to build addi-
tional furnaces until they could as-
certain the effectiveness of a new
filter. The results obtained by the
wet electrostatic fiiter test were very
good; hence the governmert inspec-
tors, present during tests, granted
permission to construct the seccond
9000 kva furnace (Furnace No. 4)
using this type of filter.

During campaigns in 1831 and
1932, the Venturi-Scrubhter was
greatly modified but efficiency im-
proved little; in Sept., 1832
ceived a decree from the at
ordering the cessation of ©
of Furnace No. 3 until the Venturi-
Scrubber could be replaczd by a
new and more e“ectne flter; the
autho”‘i\‘ aleo (‘o“ ccl-

vhase furnaces.
Licanw h le,

T Uhitiuy ave. o e d Ml VY Sllge--

phase furnaces. C]o:cd dulmg t‘xe
1008 cumpnd

conrveted witt
rectored  to
Doopioe it v
aid not \*'wl"}: 2
two  singlo-rd

efficiency, :
namic prob]um:. of suct'fn Only o
single-phase furnace (Furnace \'o
2) could be connected to the cleane
and give QhCCC’Slul
other in
the aufboxmc» b
be kept working w1thou. collectic:
but only if producing alloys giving
little gas development such as h.b
carbon ferrochromium.

During 1602 &end
collection problems
tered:

Trn

1653+ new fume

were encoun-

1) The 4000 kva steel furnace had
been working since 1861 with
an output of 75 trd in thres

shifts. In re:zponse (0 a recem-
mendation of the autho: me” in
1964 we were forced to buy 2

cleaner for the steel furnace
also. We chose a type which
has already proved to give good
results on other stecl furnacc»
bags made of glass ‘ible
asscmblmd was easy

were good. Din
built into tre filter in order
be able to connect it also wiil

the stact of the singie-phas
Furnace No. 1.

2) Dust interceried by the two
clectrostatic filters was evacu-
aled by water. When purchas-
ing these wet cleancrs, thought
was given on

11y to f'.A.Ae colice-
tion efliciency; the problem of
water polluticn was i
mated., On the
several expert
the dust shary
deposited in dee
shall later dx:cu ss the obst
to be overcome and the dill
culties with which we had to
cope in reclation to natural de-
cantation. In 1035 we bz.on
operating a water cizaner wilen
gave good results from the be-
ginning. Fig. 4 shows the actusl
situation of furnaces and filter
plants.

DATA 0

PRIMARY TECHNIC
FUF\u','.uES

» Single-phase furnaces

paste el¢
ameter mu
dcgcndm" on
automatic con




Fig. 5—Single-phase furnace, 2509 kva.

Furnace No. 1 produces high car-
bon ferrochromium and silicon
alloys with low percentage of Si;
Furnace No. 2 produces FeSi 43,
FeSiAl, and SiAl. The gquantity of

gas at the stack is approximately -

20,000 Nm*/h per furnace. The dust
content varies greatly depending on
production. We consider an average
of 0.80 gr/Nm® for silicon alloys
which corresponds to about 16 kg/h
= 380 kg/day of dust coming {rom
the furnace stack.

3-phase Fiyrnaces No. 3 and No. 4
(Fig. 6): Shell rotating at variable
speed. For the silicon alloys the
speed we use is normally 360° dur-
ing 90 hours; amorphous carbon or
Soderberg paste electrodes with on-
load electrode slipping; Transformer
characteristics: 3-phasa 30 cycle;
kva rating 9000 kva; primary volt-
age 50 kv; secondary voltage sange
92 to 140 (in 3 volt steps); secorndary
amr.erare rance <3 to 37 ka,

The furnnce WOT:
power loads 1i;
onc: normally the sen
for various protuctin
than 115 v ond
botween 6009

CL-JOURNAL OF JZVALS, AT T

Fig. 6—9000 kva furnace.

energy consumption is about 210,000
kwh/day. The silicon metal produc-
tion is about 17,000 kg/day (18.7
N.T.) The production of FeSi 75 is
about 23,000 kg/day (25.3 N.T.) Gas
at the stack = 85,000-95,000 Nm®/h
per furnace. The dust content in the
fumes varies, depending on.type of

production and raw materials used.
Even on the sam , ¢content
varies considera®:
conditions of tn :
silicon alloys the zverage ¢
tent is 1.70 gr/X=. This
about 150 kz/h cor 3,600 =z 'd:

furnace of cust exhausizi. Suls:
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Fig. 8—Electrostatic precipitator ond water clarifie..

guently, confirmation of these data
will be clearly verified by the quan-
tities of dust collected in the sludge
in the decantation basins.

Furnace No. 0 for steel produc-
tton (Fig 7): Electrical character-
istics: 4000 kva transformer 50
cycles; primary voltage 8 kv; secc-
ondary voltage range 90 to 240 v
fin 17-v slens): secondary amperase
range 9 to 10 ka.

The steel production consists of

normal grades for castings and spe-
cial grades for ingots. Productivity:
3 tph, smoke at stack uptakes about
8000 Nm*/hr.

The dust content varies depending
on quality pf scrap used. We typi-
cally produce quantiities ranging
from 6 to 10 kg/ton of produced
steel. We did not mecasure the con-
tent nf so ) N
Weighing the collected
average of 21 kg/hr

dust, ‘an.
(7 kg per ton
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Fig. 9—Tfoq filter. Cojacit
70 kv ccunterflow iz
Encrgy cans
tent at cxit net greater th

umption,

ctica fan,
70 f«\w.

dist ceon-

ol [T T Y B U117 TR A1 RSN
therelore, thc a\cmgc contcnt of
dust in fune avout 26 gr/Ney

The furnuce g7
the lawsr ot

130 e in :'f.
tinuously subyee
coming from below and thh the
little balls maintained in conat'mt
moticn by the force of the t,ase~, &
high pressure w;tez spravs, a foan
is  produced W ntereepts ile
biggest  dust icles; simulian-
cously the gus ccalsd down 0
about 35°C and saturated with wate
vapor. The SiO, psr‘.x‘cles are
thoroughly wetted in order to be
intercepts more  easily by e
electro-filier.

The dust depz:its on the electro-
static plates and once every half
hour a vicolent shower of water last-
ing 3 min. removes the deposited
dust. During thie short period the
cleaner efficiency diminishes and tne
outgoing gas lLzs a dust content
three times greater than the norn
and rises to thz average of C.C
gr/Nny',

The amount ol
each filter unit iz ¢
lows:

nart
iz

-

a) Ball washer—This is a closed
circuit reguiring 30 m‘/h of
make-un.

b} \Va<:‘.n'; o:
—1& m/h

c) Fumc cooling—About 14 m*/h

d) Evaporation and losses in puri-
fied gas—-about 6 m’/h

eiectrustatic piates

Each filter requires, therefore, a to-
tal of 68 m’/h of clean water and
discharges about €0 m'/h of dirty
waler containing suspended irter-
cepted dust. The dirty water can be
clarified and returrned to the circuis.
Also make-up \";:51‘ of atout 6 ;'
is necessary in order to comperns:
for the losses of v a'u in the slud
from the water clarificr
wasted in pands.

The temperalure of the water sent
back into- circuit has a tendency
to increase and this can give 2 nega-
tive influence ¢ o : :
electrostatio collooior wi
rather low and \.\)Il\tu.. gas te:
peratures (not higher than 00°C).
It is thercfore n=cessary to pu! e
cooler at the { 2
clarifier; it would
it at thc entrance
fyvinte proc
tion I~

temiperaetur

]
e

c
=)

whicl i3
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Fig. 10—Direction of wind.

Capaf'nv 150 m*/h

Encyy

consumption 600 kwh/day

Reagent 400 to 500 kg/day
of hydrated lime
Ca(OH).

Water loss approximately 12 m?/

h in the sludge

Average characteristies of dirty
water at the entrance are,” with ref-
erence to the production of silicon
metal and silicon alloys:

pl valuc 3tod

Dust 2.20 gr/it (300 kg/h,
7200 kg/day)

Appearance milky white

The purified water at the cleaner
exit has the following character-
istics:

pH value 8 to 10

Dust early eliminated

Appearance clear, slightly yellow-
green

The sludge which is accumulated
on the bottom of the cleancr is
pumped to the nzatural decantation
basins. We have two decantation
basins which are used alternatcly,
The sludge solidifies after- some
months and carn be removed nd
accumulated by mo
shovel.

The chemical compoesition of dried
sludye do; s m the product.on
and is influenced by the addii on
of CatO) . ‘nl o the producton
of silicon metal, the content of &0

woof a2 pesser
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in the dried sludge does not exceed
3%, 1Uinft Onlu‘:y‘F" e AvVe  not
found a commercial use for this ma-
terial and now we have a stock of
approximately 6000 tons; the annual
production is approximately 2000
tons. The deposit of sludge, however,
has proved useful to us. It shows
in a persuasive way to skeptics,
among both the townspeople and
the authorities, the results we have
achieved in clarification.

Bag Filter (Fig. 9). The furnacc
No. 0 for steel vproduction end the
single-phase Furnace No. 1 are con-
nected to this filter. This purifier
has been installed about 20 metor:
away from the @ ces o1 orde
that the prses cosl Cown ntw
along the overhcad steel pipe from
furnsce to filter. Fumoes arrive @t
the filier with a temperature of ap-
proximately 120°C.

The filter consists of 360 glass
fiber bags (guaranteed up to 250°C)
having a total swrface of €030 m*
divided in 6 cells. The cells in turn
are excluded from the cleaning
process and are clecaned for a period
of 30 sec by a pneumatic counter-
flow which removes the dust de-
posited on fibres to the collecting
storage bin.

Following are some problems con-
nected with the gas cleaning which
presented unforseen difficulties:

Location of Plant

It has already been said that we
neglected the study of atmospheric
conditions of the site. This was not
only a grave fault, but also a grave
misfortune. In 1965 we collected
data with relation to the wind situ-
ation as shown in Fig. 10.

The level ground of S. Vittore,
and specifically the area nicknamed
“Siberia”, is excluded {rom pre-
dominant currents of wind. During
summer, when the most diflicult
problems in pollution occur, the fol-
lowing phenomena can he observed:
Complete standstill with no tur-
bulence from § p.m. to 8 am.; light
wind {from East (to Bellinzona)
from 9 a.m. to 12 am.; wind from
West from 1 p.m. to 7 p.m.

Depolyment of fume developed
during the night is stagnant above
the factory like a cloud and in the
early morning moves to Ticino; if
it reaches the current of wind blow-

Table' |, Electrostotic Precipitotor,”

B X c

(tor Furnace No 2 & 3)

(for Furnace No.4)

Capacity
Entering gas temp.

Temp. of purificd gas

Dust content of in-
coming gas

Guaranteed efficiency -

Suction fon power
fequirements

Water Pump
Electrostatic section

Total power required

To‘\l press:
Voltagein el
stanc s:ct'(-'x

Specific load amperes

130,003 Nm#
135 to 270

variable between
0.7and 4 gr./Nms

4009 kwh doy

70 N i

v h 100,000 Nm™ T
C 135 to 320°C

30 - 60°C

variable betw cen 0.8
and 4.5 ¢gr. N

Max. content of
0.160 gr Nmin
the purified gas

120 kw

80 kw
40 kw

250 kw




- 3. 11—Hood of the 9000 kva furnace.

ng from north to south, the fume
arives  very dispersed, but still
qisible at the city of Bellinzona.

If the factory had been con-
iructed a few kilometers further
p the valley, we could have made
se of the strong air currents in the
‘an  Bernardino and Traversagna
‘alleys. Rapid dispersion of fume
ertainly would have substantially
:ssened  the problems we en-
ountered. Perhaps even a modest
ficiency of fillers would have been
ceeptable  under  theza ¢

aliees,

snnection of Furnace with Filter

The connection of a completely
sen furnace without a hood for the
ime collection, as some are in the
‘nited States, would present great
‘oblems. Even with a modern fur-
ace equipped with hood and chim-
2y, if smoke has to be conducted
y a cleaning, station, technical and
crodynamic problems can be en-
wuntered. ’

Constructors of furnaces, and pro-
dcers ‘of ferro alloys have treated
¢ hood of an open arch furnace
i a stepchild, although they deem
‘hecessary to remove smoke from
‘e operation and to protect workers
ad equipment from the heat. With

z to the unit, constructors of fur-
ices will have to be directly con-
rned with solving the problems of

-3 purification as these problems
date to furnace design.

Tackling the problems of gas
taning of a furnace, considering
¢ volume of air to be exhausted
«d relative power expenses, one
wls, for example, forced to dimin-
A the amount of secondury air
cred into the b
iller the amount of se K
¢ higher the smwclie teraperature,
% therefore the cxposed parts of
¢ furnace are gains to suffer stye s

b,
vite

ondars o,

Unfortunmately, 2t Valmioesa we

S R

.
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Fig. 12—Collection of fumes.

neglected the study of the problems
of tne hood and then encountered
remarkable difficulties. Only one
chimney and a height limitation,
(Fig. 11) proved to be insufficient
for giving a good and well distri-
buted suction. In order to draw ade-
quate secondary air- in the zone
opposite theg:himney and to prevent
the leakage of smoke, a strong suc-
tion of air is caused in the zone
directly under the chimncy en-
trance; the violent current can
generate  rercipculdaiion  under | thw
hood and local increases of heat,
which are dangerous for the hood
itself, the copper cables and other
exposed parts.

Free height of entrance can pos-
sibly be varied, but is limited by
the operating necessities of the
charging machines. We had to
modify the hood which now is water
cooled. The copper band flexibles
have been reduced to a minimum
of length commensurate with mini-
mum movement of the electrodes
and are enclosed in an air-cooled

_casing.

Perhaps this problem of connec-
tion of furnaces to fume collectors
will have as a consequence a new
examiration of technical and eco-
nomical possibilities for the com-
plete closure of furnaces, even for
the production of silicon alloys. As
a matter of fact, there exists some
news about tests and attempts tend-
ing in this direction.

Once we had eliminated this prin-
cipal problem, the autlorities in
1905 also began to pay attention to
the sceondary sources of smake
such as outlets frem the hood and
the development of fume during
casting ororation, It is net enav to
sesl o the howd perlectly, Con it wos

fnally accomplished, We

U
O Cal’e

roduced divng e

casting oreration was colircred ac-
cording to the dicgram of Fie 12

Onening the space

botvrein the

shell and charging floor to allow
the escape of smoke to the main
hood has proven to be a simple and
eflfective procedure.

Measurements

During recent years the measure-
ments regarding smoke and water
in the factory have been numercus
and frequent, especially on the part
of the authorities charged with the
control. At the beginning we ne-
inzufficient suciion in the tirst Ven-
turi plant, surprizes in the granu-
lation of dust, controversies in re-
gard to efficiency, and so forth.

Amount and analysis of fumes, as
well as amounts and physical and
chemical analysis of dust, have to be
determined with great care. It is
advisable to engage specialized @nd
indcpondent Institutes for the ac-
quisition of basiec data, more so since
the determination of collection ei-
ciency will always have to be com-
mitted to an arbitration board.

The producers of ferro alloyvs
know that the operation of a ferro-
alloy furnace is very changeable;
with the same kind of production
and the same power, a blowing fur-
nace develops at least 10 times more
dust than a quict one. But zalio
under normal proceedings the veri-
ation of dust quantity is remark-
able; for example, with Furnace No.
3 producing silicon metal (lead =
8500 kw) we were able to establish

“by means of continuous samp!
during 9 hr extreme values ran
from 0.5 to 4.5 gr/Nm"

It is understozd, therefore,
the average dust amount
determined by means of

The iollowing




Toblc 1. Results of Particle Analysic.

Cie 0 d
Tumes G
Dust Slze Weight Pereentsoe
> 100 ud 1 0
100-50 ' ki 3
50-20 ') 10 4
25-10 pd ) 12 5
10-5 B 4 6
5-2.5 pis 4 R
2.5-1.0 g 4 14
1.0-0.5 e 10 24
0.5-0.25 nd 21
0.25-0.15 o 13 39
< 015 ue 14
100 100

water clarification has been solved
successfully, 1 must say that we had
many problems and expenses in this
arca. The River Migesa, running
through the valley, has very clear
water of a greenish-blue color; it
is rich in {fish. Three kilometers
down the valley the Moesa River
flows in the Ticino River which,
after 10 kilometers, enters into Lake
Maggiore, known for its scenic
beauty.

Almost immediately after order-
ing the wet smoke purifiers, we
considered  building decantation
basins of ample area, confident that
the decantation was going to be easy.
To our dismay, only the dust of
carbon and quartz deposited itself
in basins. The fume particles con-
tinued right on out the overflow!
The dirty water collected in a bottle
elarificd pzell hy mcens 6f paiural
sedimentation only after 56 hr!

The River Moesa has a change-
able flow. The measurements car-
ried out during 1863 at the side of
Valmocsa show, for instance, a mini-
mum of 3.61 m*/sec. during Febru-
ary and a maximum of 68.3 m’/sec
during June, with a yearly average
of 28.3 m"/sec.

Surveys and measurements were
carried.out by the authorities dur-
ing April, 1963 (average flow: 15.8
nmi/sec). Three kilometers down the
valley the river water -color was
still noticeably whitish and dull, al-
though the dirty water inflow re-
presented a very limited percentage:
130 m*/h = 0.036 m*/scc., that is to
say 0.23% of the river flow.

When choosing a wet purifying
plant the overflow watcr problem
has to be tagkled al once, more so
because it does not present particu-
lar difficultics if carefully studied.

Corrosion

The phenomenon of corrosion of
metals was already noted at the
Venturi-Scrubber. This purifier was
operated only during a Himited
period and presenied us with many
collection problems. Owing to these
we nesloctod and also for-

lesz pros gueriion of cor-
rosion.
Constructing the fOvst electrostatic
precivitetor, it wis intended  to

chiminate the phenomenon of cor-
rosion, covering metid S
paints and correetingg the pH value
of the woter Ly introduction of soda
s.h. Dt puaints were insufficient Lo
protect  the mofad aft records it
canll L poticedd that covio fon
worked in many parts under e
paint layer.

Corrosivencss of the water mainly
depends on the presence of sulfur-
ous acid and partly sulfuric, coming
fro:n combustion of the suifur con-
tained in the carbon. It scems that
ozone, too, is in the water and is
partly responsible for corrosion. The
formation of orone can huppen in
the electrostatic part with the
“black” discharges and even more
during small but frequent discharges
that can be observed during the
washing operation of the electro-
static plates.

Nearly all parts of the two elec-
trostatic precipitators exposed to the
dirty water and to the wet gas were
reconsiructed in stainless steel be-
tween 1964 and 1966. In order to
limit expenses for material we macde
remarkable modifications at the
construction. After using stainless
steel for the principal parts of the
cleaning equipment, problems of
corrosion were resolved and we have
had no further troubles.

Now I should like to suggest other
aspects of our experience which, I
hope, may be of interest:

¢,

Dangsts of Fume and of Dirty V/aters

The Medical Service of the Labor
Head Office nFicially declnred that
fumes - coming from ine stacks of
furnace producing ferrosilicon and
silicon metal are not dangerous for
the health of people, animals and
plants, even in zones nearby the fac-
tory. Also, dirty waters coming from
precipitators and examined by vari-
ous laboratories did not report to
be toxic and had no bacterial eftfects.

During the writing of this report,
the Board of Public Health is about
to take samples of the collected
sludge and clarified water coming

from production of Chromium Sili--

c.de. We are watching carefully for
the presence of hexavalent Chrom-

-jum oxide (CrO;) of which even

small quantities can be toxic.

Defense to Avoid Pollution

There exist in Switzerland strict
laws imposed by the Confederacy
€1955) and by the Kanton (1959
Kanton Graublinden) to protect
waters from pollution. On the other
hand, we do not yet have laws im-
posed by the Confederacy or by the
Kanton for the protection of the air.

The measures of the Authorities of
Kanton Graubiinden to force Val-
moesa to the collection of fumes was
based on the conditions published in
the deerce for the constructinn of the
fzctory, to wil: ... emanations of
fune groater thron those of ay ~rmal
chimney, will not be toloraed 7

The Authorities of

were compelicd o provecd

I

pressions of public opinion: peti-
tions, articles in newspapors, tele-
vision shows and so {o o,
in July, 100Y 13 crrar o :
Foooton oo b e T
of jutice for . .. the cusurs of tne
fuctory if a cowplete e i Ui
the sinoke should not be achieved

.. In the meantime, during the
long phases of legal proceedings,
which is not yet concluded, we made
successful progress in purification
and are confident of a decision In
cuar favor.

Choice of the Cleaner Type

Our initial choice of the wet elec-
trostatic filter was made for the
following reasons:

1. During the trials in Aug, 1950
with the two electrostatic pre-
cipitators (a dry and a wet one),
greater collection efficiency
could be consistently achieved
using the wet system.

2. We undervalued the problem ol
water pollution which would be
associated with it.

3. We did not foresee the technical
and economical problems in re-
lation to corrosion.

4. There was only limited informa-
tion about cleancis of the bag
type to be used for silicon wlloys,
and too many unknowns existed
to evaluate them properly. The
durabiiity of the tissuc and the
feasibility of detaching the pow-

arz doposited on the bags were
not well defined. With the pres-
sures upon us, we had no time
to conduct trials with a semi-
industrial plaz* of this type.

5. In view of the poor experiences
we had with the Venturi type
of collector, we disregarded any
kind of cleaning based on wet
scrubbing techniques.

6. In our program - of production
were included varicus qualit
of ferroalloys, We were ziven
the advice to usc the wet electro-

- static .cleaner as being more
flexible and suitable to various
fume particle types.

After many doubts and much
soul-searching, we are now of the
opinion that our choice was not
wrong considering the level of pol-
lution control requested by the
authorities and the resulis we have
actually achieved.

Today it is surely easier to study
and to find the best cleaner fov
either a specific fume or for general
application. Aside from important
theoretical sludies published  in
recent years, there exists now
exporience with data and
which sheuld ba available. Aceorc

: i T o

s
~

ing {0 an oint

thore o1e b
furnacez  for H
wernl About -

leavers or will be co



Fig. 13—Situation in 1962,

‘1967 to various types of filters. In-
terests of furnace constructors and
cautiousness of ferroalloys pro-
ducers have not yet permitted a
useful comparison of the recal data
:n reference to gas cleaning in the
andustry. It would certainly be pro-
per for an international association,
with social aims, to collect and cor-
relate these various data {for . the
most effective approach to this seri-
ous pollution problem.

However, many constructors of
Zleaning equipment have acquired a
remarkable amount of experience,
ind owing to the sacrifices of their
irst customers, they are now able
o proposa eleanicg e iee Tl

igh efliciency and assuxed opexat— :

ng results.

Encouraged by the experience
vhich was dcveloped with various
leaners, and wanting to avoid the
ssociated problem of further waler
sollution, we thought it suitable to
ise the dry cleaner with fibre bags
or collection of fumes from the
teel furnace. Also in other {actories
f our group we are now assembling
aree clectrostatic filters (bag type)
or steel furnaces; one of these fur-
ilaces has a heat size of 70 tons.

chieved Results (Figs, 13-14)

1. Clarification of waters is com-
pletely satisfactory. We continue
the studies, however, in order to
reduce the important expenses
and to save costsg of chemical
reagents.

* 2. Excellent efficiency of the bag
filters in cleaning gas on the
steel furnace and the single-
phase Furnace No. l. Stack ef-
fluent gases are not visible. We
have not vet exact data about
durability of the bags. We had
to replace the first set of bags
after approximately 7000 operal-
ing hours; nearly zll ‘w"\ pres-
cntod ot o soins
of tissue. Tnis phenoas
not due to the use,
mechanicel 3
speetie:

ot o
aiter &

s

Fig. 14—3Situation in 1967,

second set, the state of the tissue
is still perfect.

3. The efficiency of the electro-
static precipitators after approx-
imately 11 months is constant.
We measure normal contents of
gas; during washing operation
(3 min. each half hour) the con-
tent increases to approximately
0.150 gr/Nm* With this excep-
tion, the guarantee of 0.100 gr/
Nm* maximum  has been
achieved, The authorities are
satisfied "and accepted these re-
sults; however, they have in-
vited us to try to improve the
cleaning during the washing op-

Cialion.

At the end of this 1967 furnace
campaign we shall make some minor
modifications, hoping to be able to
decrease the washing operation
cvcle to one minute,

Cleancd gas effluent from the pro-
duction of silicon metal and of ferro-
silicon- 75 can be described as fol-
lows: Slightly blue and nearly in-
visible at a dust content of 0.030
gr/Nm’; 0.100 gr/Nm* already sho'
the existence of a fu'nuce' 0.150
gr/Nm* yields a gas of whitish-gray
color and the fumes disperse at a
distance of some hundred meters
from the stack.

Efficiency of clecaning can be cal-

culated as , wherein A =
content of dust in the furnace, B =
content of dust in the cleaned gas.
Average contents memmed in our
filters are as follows:
A= 170 gr/Nm#, B = 0.030 gr/Nm?

The average cfficiency 1s therefore
1.70 — 0.8

—— = 95.5%
1.70
It seems to us very difticult to sur-

this efficioncy o atothet

.

fume are possible; for example,/if
the dust of the fume is 4 gr/Nm’
and in the cleaned gas 0.200 gr/Nm’,
efliciency is high (4.00--0.200/4.00
= 95%:), but the result considered in
point of view of visibility cannot
be accepted. Effective filter perform-.
ance can be best evaluated by the
measure of its maintaining the max-
imum content of 0.100 gr/Nm in
the cleaned gas, notwithstanding
frequent varistions in the dust con-
tent of the Jume. We get this result,
even if the dust content varies from
0.85to 4.5 gr/Nm®

During the first years interrup-
tions o©f elecirestatic precipita
were frequent; we had breakage of
electrostatic  wires, electric  dis-
charges, water stoppages, and high
use of single parts owing to corro-
sion. These accidents hurt us badly
because the authorities would not
allow operation of furnaces without
collection, even for a short period.
We thercfore have had. to apply
the rule: “If the filter is stopped,
the furnaces have :0 be stopped.”
I should like to xwiu‘ out that in our
factory are instalied some indicitors,
sealed by. authori
register
furraces!

We studicd and worked hard in
order to eliminate the reasons for
these failures and at last we have
reached geod results. During th
last seven months the electrostatic
filters hazve worked continuously
without trouble. Once a week dur-
ing the night from Friday to Satur-
day, we stop each filter for approxi-
mately two hours for control, clean-

tors

© MOoLers

43
CE; the

Ting and m:ﬁnten'mce; by approval

of the o2uthorities, this work can
be. executed \\.L}OU' stopping the
furnace; we only have to reduce the
load.

Anmong the res ul

alen

we reached [
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T

[N

the operation of filters and .
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guality .of mix preparation &nd
blending, depth of the clertrodeos,
clectricnl co s wnd the cive
and euslit e matenial A
these fectors con have great indlu-
cnee on the dust content of the fura

Costs of Cleaning Equipment

The pgreat difficulties we on-
countered brought enormous cosis
for the installations. From the be-
ginning of.the problem until March,
1967, we spent a total amount of
$1.2 million. Costs of construction,
modifications, studies and trials are
included in this amount. General ex-
penses, such as administrative costs,
lawyers and experts’ opinions for
the process, costs for measurements
and so forth, and indirect costs for
loss of production are not con-
sidered. Amortization of this 1m-
pressive amount is a great finan-
cial and technical problem; more-
over, we do not know the real period
we need to amortize different parts
of the various installations.

Expenses we incurred cannot be
directly applied to other factories
which are considering the installa-
tion of cleaning equipment. We do
estimate that to install eguipment
comparable 1o what we now have
would not excced $600,000. In this
sum are included all expenses for
the two electrosiatic precipitators,
the bag filters, the water clarifier
and the decaniation basins for

sludge,

Working Costs
Unfortunately we are not yet pre-

L
L ATRIE 1053

A0

pared to give ewxact information
about this importot subject, Ve
hoee had the ol
for oonle chout o poer and we think
we neod another year to define oper-
ciin7  and maintenance  eXDONSCS.
The eficctive consumption of water
and molerial for the collection of
furrr was indicated above and it
is easy to derive conscquent costs
therefrom. One technician and three
workmen per dax ere actually in-
volved in operating and maintaining
@l fiters; however, we are conlral-

Cotdn sorvies

izing the switchbozrds in order to
reduce this part of lazbor to only two
men per day.

A very important part of wet
electrostatic air clarification costs is
the “focculant” uszd 1o treat the
waste water. Among the various
types on the market, we have found
a material that costs about $1.50/1b
to be the most suitable,

Actually, operating expenses for
our entire pollution control system
amount to $140/day and we hope to
reduce.it to $90/day.

CONCLUSION

1 wish to conclude this report by
advising my colleagues not to
undervalue and not to try to escape,
frorp the smoke abatement problem
when claims and requests from
authorities begin. The technical
study should begin promptly and be
weell thought oo frgunoiams goad
avalanches of claims can cause
bungled studies and - decisions. I

hichly recommend the anproach of
cutrust the exact deternntion
of the p ipnl data of the problem
to indspenstent institutes ¢ iclived

in this ficld. In this w fcnse
asainst claims  and  requests  of

authoritics can better 1
plished and a comprehensiy
will be, in any case, the bace
to resolve the real problci,
made our initial study without
qualified assistance with the result
that our errors and failures, mace
during the lang period in which we
acquired our experience, were in-
terpreted by public opinion for
many Yyears as a direct and wilful
act made with malice aforethought,
While we can admit a certzin pas-
siveness at the beginning. since
1860 we honestly and with enthusi-
asm have done everything possible
to achieve the best level of pollu-
tion control at Valmoesa.

Finally, last year, the authorities
acknowledge that “Valmoesa did
everything for pollution control
which is possible to do within the
actual limits of the most advanced
technology.”

Many former enemies, among
them vociferous and violent jour-
nalists, now treat us with compre-
hension and friendship. We can de-
fine ourselves “the most purified and
inspected ferro-alloy factory in the
world”: however, we would be
picased tn rede as soon us possible
this honorary diploma to other com-
petitors of ours!
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This report is not intended to be

1 collection of technical data. In-
dead I prefer to present a general
iew of our experience in air and
water pollution problems which had
10 be solved in our plant at S. Vit-
wre in Switzerland. I shall point
wut the problems encountered, the
iesign changes made, and lastly, the
tesults attained.

Our company has borne enormous
txpenses for the installation of pol-
ution control. The amortization and
peratmg costs of these plants, and

‘¢ limitations imposed on produc-
ion by the authorities placed us at
3 :grave disadvantage in comparison
3 +th other ferroalloy producers. We
ust, therefore, that in the near
“ituire many of our competitors will
2 forced to assume similar smoke
4 ©ement expenses. In common
‘cency, however, it cannot be
~shed that our colleagues be in-
“lved in such an ordeal as we have
"¢ through, such as federal and
“ite investigations, court cases,
%3 and television criticism, in-
?tf‘tlons and checks of all kinds.

We shall be glad if our experience
3 useful to our colleagues who have
" lackle problems of fume control.

GENERAL DATA

The Company Valmoesa is part
Aa group which has been producing
*l 2.4 ferro-alloys for many
:fb in Switzerland and Italy. In
lu our group was granted inter-
g hrdroelectric concessions for
" Yowur stations on the left de-
ft" of the Mesolcina Valley
“thern  Switzerland) by the
_’ﬁrnm ont of Kanton Graubiin-
. * There we constructed a 60 mva
“er stution with a production of
1900 million kwh per year,
')-“trated during the months of
tu November.
the Government

intended to

T

“
zuO FERRARI is general manager of Val-
S Yittore/Grigioni, Switzerland.

AN i il

by Renzo Ferrari

favor the industrialization of a still
very poor valley. Different compa-
nies were interested in the conces-
sions, but we were given preference
because we committed ourselves to
the Government to build an indus-
trial plant in the Mesolcina Valley
which would consume as much as
possible the produced electrical en-
ergy—in any case, not less than one
third of the total.

The hydro-electric concessions
were obtained in July, 1956 and
Valmoesa founded in June, 1957. We
decided on a ferro-alloys production
with a high unity consumption of
energy and particularly silicon
metal and silicon alloys because
there is good availability of quartz
in the Valley.

The first construction project in-
cluded the following:

Three 3-phase 9000 kva furnaces
for silicon metal, FeSi 75, and
CaSi

Two single-phase 2500 kva fur-
naces for FeSiAl, FeSi 45, and
FeSi 25

One 3-phase 4000 kva furnace for
steel ingots and castings.

7. -2

.
Experiences in Developing an Effective
Pollution Contrel System for a
Submerged Arc Ferroalioy

Furnace Operation
REF. 5

The 9000 kva furnaces were meant
to be operated for about eight
months of the year during the period
of high production of energy from
spring through autumn. The single-
phase furnaces and the steel fur-
naces were meant to be operated
during the winter with the chief
aim of maintaining the labor force.
The construction of the factory
and furnaces was to be carried out
gradually within about three years,
following the erection of the power
stations and energy production,
through the following program:

1958—first 9000 kva Furnace and
two single-phase furnaces

1960—second 9000 kva Furnace

1961—third 9000 kva Furnace and
steel furnace

FACTORY SITE

While designing the factory lay-
out, Fig. 2, the following usual tech-
nical and economic concepts were
kept in mind: railway {facilities;
highway connection; proximity to
power stations; flat land with water
availability; living conditions for the
labor.

Fig. 1-—Construction project 1957.
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Fig. 2—Site of the factory.

It was considered that a 37-acre
plot near S. Vottore was ideal, the
Ticino border being 300 yds south
and Bellinzona (capital of Kanton
Ticino) lying at a distance of 4.3
miles in the same direction.

The chosen area is nicknamed
“Siberia” by the local inhibitants,
and on inquiring into the reason for
this we learned that it is because
the area is very cold in winter and
hot in summer. This was our only
meteorological test and the dismis-
sal of the meteorological and geo-
graphical problems was an error to
be dearly paid for in due course.
As a matter of fact, the wind mea-
surements carried on during the
following years showed that, had the
factory been positioned just a few
kilometers further up the Valley,
the smoke problems could have
been substantially reduced; I will
explain this later.

EXPERIENCE WITH THE SMOKE
ABATEMENT PROBLEM

Normally, the fume collection
problem in factories starts after
years of undisturbed work with free
emission of smoke. If the collection
facilities have to be adapted to old
furnaces in existent buildings, there
are many justifications to temper
the arbitrary imposition of controls.
On the contrary, pollution problems
began at Valmoesa immediately
upon study of the plant project. As
a matter of fact, in the factory build-
ing permit dated Feb., 1957, the
Home Ministry of Xanton Grau-
biinden documented the following:

. The utmost attention shall be
paid to purifying the fumes. The
Company is now cautioned that
smoke efflux greater than that of
& normal chimney will not be

tolerated.
quested to forward a detailed re-
port concerning precautions they
consider appropriate to take. .. ",

Previous experience of our group
were as follows:
1) 1955-1956: a closed-top 12,000
kva furnace in an Italian factory
producing pig iron and Standard
FeMn. Desiring to recover the
gas in order to use it in an
open-hearth furnace, a Theisen
centrifugal collector was ap-
plied. After some difficulties at
the start the operation and
efficiency were perfect. Gas
entered the collector at rate of

2000 Nm*/h at 800°C and con-

tent of solids was 200 gr/Nm®.

Exit gases were 30°C and con-

tent of solids 0.015 gr/Nm® No

complaints were made concern-
ing the dirty waste water of

70 m‘/h which was discharged

into a canal.

1953-1954: two open three-

phase 6000 kva furnaces in an

Italian factory producing stan-

dard SiMn. Collection was by a

cyclone battery with efficiency

about 15% and retention of the

dust only bigger than 0.25 mm.

These very bad results did not

justify the suction costs. The

factory was situated in an open
valley with a traditionally indus-
trial population. The com-
plaints were modest and there-

fore the authorities never did

insist on any controls. In 1961

the furnaces were shut down

for econoniic reasons.

3) 1952-1954: one  three-phase
6000 kva furnace in a factory
in Switzerland in Kanton Wal-
lis, producing CaSi 30/60 and
FeSi 75. The valley ventilated

2

~—

The Company is re-

well and this was an indug,,

zone with other factorieg pre.
ducing aluminum, magnesmi
and calcium carbide. Air poit
tion control was attempteq .

ing a water-spray methud b
posed by two specialized N

ufacturers with no posiiive Te
sults. The problem wgs e
solved by paying mdemnn
to the farmers near the f;, ‘ot

Our previous pollution contrg
perxences proved to be not Uae'
to us in solving our probiem ..
Valmoesa. We believe they hyg
negative influence, making uys ,‘
sensitive to a tremendous plobl‘
which heretofore we thougi
readily solvable. The limit stateq
the authorities concerning the smy,,
efflux of the S. Vittore factory g
not greater than that of a nOrrr
chimney, cannot be considereq .
well defined. What are the charh
teristics of a ‘“normal chimney” 4.
what quantity of fume does it ep
Because at this time we did r.
properly recognize fume problen.
we neglected to define properly 1
important issue. Qur approach .
to assure the Government that .
would supply gas cleaning equi;.
ment for the first 9000 kva furna:.
and we began immediately to sty
the problem. It was not at all poss;.
ble to find literature or reports ¢/
experiments on this subject. On th
other hand, it was easy to find put.
licity and promises from equipmen;
manufacturers. Today some techs,.
cal reports of great interest and use-
ful orientation are available. Ter
years ago the situation was ver
different with only a few furnace:
for the production of ferro-alloy:
making attempts at gas cleaning ang
purification.

We contacted different manufac-
turers, keeping in mind installatior
and operating costs and guarantee
efficiency. We avoid naming the

h

Fig. 3—Venturi cleaner type.

fig. 4—Furna
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o Aw FILTER

BWEY ELECTROSTATIC PRECIPITATOR
C » ”» »

D WATER CLARIFIER

manufacturers since we do not in-
tend to publicize those with whom
xe were successful, nor do we wish
"0 criticize those who delivered un-
Aisfactory  plants. However, 1
~asten to add that we received from
ol their best cooperation and indeed
ne  difficult  technical problem
saused financial loss to our suppliers
as well as ourselves.

In Feb. 1958, we ordered a cleaner

¢l the Venturi type. The working
’fmciple of this method and layout
: the plant are indicated in Fig. 3.
‘;E h'ad been able to ascertain the
Tectiveness of this filter when deal-
_-'lg with fumes from calcium car-
“de and steel furnaces; the appli-
aton of the same equipment on
~lon alloy furnaces was unknown.
> the Conditions of Sale for this
-eaner for fumes from silicon metal
’nd FeSj 75, a guarantee was in-
<ded of a maximum content of a
10 gr/m* dust in the purified gas.

HISTORY OF PURIFICATION

The Venturi-Serubber was ready
Sent. 1959. Prior to this, for a
:‘*-' munths in 1958 and from April,
Y the first 3-phase furnace (Fur-
““¢ Nu. 3) was producing silicon
-l the great accumulation of
Z¢ 11 the Valley was a disagree-
uririse. During the night a big
C“hronm of smoke was formed
" ’v¢ the factory; the contrast
St the greenery of surrounding
_,’,"‘mams and the view from Bel-
. /Pna—the smoke being between
“'owiy and the rising sun—mag-
{ the phenomenon. Faced with
.4_”;”;“ protest from citizens and
2wy Tities, it was easy to defend
: SDOSmon by showing the guaran-
Wi given with the cleaner which

% about to be constructed. Our

fig. &—Furnaces and cleaning equipment 1967.

hopes with respect to the efficiency
of this cleaner broke down during
the 1960 campaign. Only a maxi-
mum of 30% dust was intercepted,
yet there was an enormous develop-
ment of water vapor which
worsened the visual situation.

In Aug., 1960, tests were carried
out on a wet and a dry gas cleaning
plant, both working on the electro-
static principle; each plant was
capable of handling 10,000 Nm'/hr of
gas. The situation was by now very
precarious, because it was necessary
to consume the energy produced
(the power stations were not yet
connected with the general distri-
bution network), but the authorities
refused permission to build addi-
tional furnaces until they could as-
certain the effectiveness of a new
filter. The results obtained by the
wet electrostatic fiiter test were very
good; hence the government inspec-
tors, present during tests, granted
permission to construct the second
9000 kva furnace (Furnace No. 4)
using this type of filter.

During campaigns in 1961 and
1962, the Venturi-Scrubber was
greatly modified but efficiency im-
proved little; in Sept.,, 1962, we re-
ceived a decree from the authorities
ordering the cessation of operations
of Furnace No. 3 until the Venturi-
Scrubber could be replaced by a
new and more effective filter; the
authorities also demanded the col-
lection of fume from the two single-
phase furnaces.

Meanwhile, in April, 1962, the
new Furnace No. 4 started working
equipped with a wet electrostatic
cleaner with very acceptable collec-
tion performance. We, therefore,
ordered immediately a second larger
electrostatic cleaner to service both

.Furnace No. 3 and the two single-

phase furnaces. Closed during the
1963 campaign, Furnace No. 3 was
connected with the second filter and
restored to production in 1964,
Despite its larger size, this new filter
did not work satisfactorily when the
two single-phase furnaces were
added to the circuit. There were ab-
normalities in respect to collection
efficiency, mainly due to aerody-
namic problems of suction. Only one
single-phase furnace (Furnace No.
2) could be connected to the cleaner

and give successful results. The
other single-phase furnace—with
the authorities’ permission—could

be kept working without collection,
but only if producing alloys giving
little gas development such as high
carbon ferrochromium.

During 1963 and 1964 new fume
collection problems were encoun-
tered:

1) The 4000 kva steel furnace had
been working since 1961 with
an output of 75 tpd in three
shifts. In response to a recom-
mendation of the authorities, in
1964 we were forced to buy a
cleaner for the steel furnace
also. We chose a type which
has already proved to give good
results on other steel furnaces:
bags made of glass fibre. The
assembling was easy and results
were good. Dimensions were
built into the filter in order to
be able to connect it also with
the stack of the single-phase
Furnace No. 1.

2) Dust intercepted by the two
electrostatic filters was evacu-
ated by water. When purchas-
ing these wet cleaners, thought
was given only to fume collec-
tion efficiency; the problem of
water pollution was under-esti-
mated. On the other hand,
several experts assured us that
the dust slurry could easily be
deposited in decanting basins. I
shall later discuss the obstacles
to be overcome and the diffi-
culties with which we had to
cope in relation to natural de-
cantation. In 1965 we began
operating a water cleaner which
gave good results from the be-
ginning. Fig. 4 shows the actual
situation of furnaces and filter
plants.

PRIMARY TECHNICAL DATA ON
FURNACES

Single-phase furnaces No. 1 and
No. 2 (Fig. 5): Carbon or Soderberg-
paste electrodes. The electrode di-
ameter may vary from 500-700 mm
depending on production. Electrode
automatic controlled with constant
current. Transformer characteris-
tics: single-phase rating 2500 kva;
primary vocltage 50 kv; secondary
voltage range 50 to 110 v (in 5-volt
steps); secondary amperage range
range 30 to 25 ka.
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Fig. 5—Single-phase furnace, 2500 kva.

Furnace No. 1 produces high car-
bon ferrochromium and silicon
alloys with low percentage of Si;
Furnace No. 2 produces FeSi 45,
FeSiAl, and SiAl. The quantity of
gas at the stack is approximately
20,000 Nm*/h per furnace. The dust
content varies greatly depending on
production. We consider an average
of 0.80 gr/Nm® for silicon alloys
which corresponds to about 16 kg/h
= 380 kg/day of dust coming from
the furnace stack.

3-phase Furnaces No. 3 and No. 4
(Fig. 6): Shell rotating at variable
speed. For the silicon alloys the
speed we use is normally 360° dur-
ing 90 hours; amorphous carbon or
Soderberg paste electrodes with on-
load electrode slipping; Transformer
characteristics: 3-phase 50 cycle;
kva rating 9000 kva; primary volt-
age 50 kv; secondary voltage range
92 to 140 (in 3 volt steps); secondary
amperage range 45 to 37 ka.

The furnace always works with
power loads higher than the rated
one: normally the secondary voltage
for various productions is higher
than 115 v and the average load is
between 8300 and 9000 kw. The

/

Ve

,

Ve

X
men 900

Fig. 6—9000 kva furnace.

energy consumption is about 210,000
kwh/day. The silicon metal produc-
tion is about 17,000 kg/day (18.7
N.T.) The production of FeSi 75 is
about 23,000 kg/day (2 .} Gas
at the stack — 85,000-95,000 Nm®/h
per furnace. The dust content in the
fumes varies, depending on type of

production and raw materials used.
Even on the same product, content
varies considerably according to the
conditions of the furnace; producing
silicon alloys the average dust con-
tent is 1.70 gr/Nm® This represents

about 150 kg/h or 3,600 kg/day per
furnace_of dust exﬁaustea. Subse-
furnace .

\

2

Fig. 7—Steel furnace.
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Fig. 8—Electrostatic precipitator and water clarifie..

1aently, confirmation of these data
will be clearly verified by the quan-
uties of dust collected in the siudge
n the decantation basins.

Furnace No. 0 for steel produc-
non (Fig 7): Electrical character-
sties: 4000 kva transformer 50
cvcles: primary voltage 8 kv: sec-
mdary voltage range 90 to 240 v
in 17-v steps): secondary amperage
range 9 to 10 ka.

The steel production consists of

normal grades for casiings and spe-
cial grades for ingots. Productivity:
3 tph. smoke at stack uptakes about
8000 Nm'/nr.

The dust content varies depending
or quality of scrap used. We typi-
cally produce quantities ranging
from 6 to 10 kg/ton of produced
steel. We did not measure the con-
tent of solid particles in the fumes.
Weighing the collected dust, an
average of 21 kg/hr (7 kg per ton

WASHING FAN

N

o I
hiini

T

w0 7T

Fig. 9—8Bag filter. Capacity at rating: 30,000 Nm'/h. Active power: suction fan,
70 kw; counterflow fon, 3.0 kw; ouxiliary equipment, 30 kw; Total, 76.0 kw.
Energy consumption, 1200 kwh/day.. Efficiency, Guoranteed maoximum dust con-

tent ot exit not greater-than 0.050 gr/Nm’.

come in throug
the Hiter aliter
;cw“ tv water

ssure water spray
oduced which intercepts
dust  particles:

ne gas is cooled dow
*C and saturated with water
Trhe SiO, partic are

horougniy wetted in order o be
i more easily by ke

re dust depcsits on the electro-
static plates znd once every half
hour a violent shower of water last-
ing 3 min. removes the deposited
dust. During this short pericd the
cleaner eficiency diminishes and the
outgoing gas has a dust content
three times greater than the normal
and rizes to the average of 0.130

The amount of water required for
- filter unit is distributed as foi-

a) Ball washer—This is a closed
circuit requiring 30 m'/h of
make-up.
Washing of eiectrosta
—18 m'/h
¢) Fume cooling—About 14 m’/h
d) Evapcration and losses in puri-
ded gas-—about 6 m'/h

bi pl:;tes

Each filter requires. therefore. a to-
tal of 68 m'’/h of clean water and
discharges about 60 m‘/h of dirty
water containing suspended inter-
cepted dust. The dirty water can be
clarified and returned to the circuit.
Also make-up water of about 6§ m'/h
is necessary in order 0 compensate
for the losses of water in the sludge
from the water clarifier which is
wasted in ponds. '

The temperature of the water sent
back into circuit has a tendency
to increase and this can give a nega-
tive infuence on the etficiency of
electrostatic cellector which requires
rather low and constant gas tem-
peratures inot higher than 60°C).
It is therefore necessary tc put a
cooler at the exit of the water
clarifier: 1t would not be wise to put
it at the entrance because the clari-
fving process of water with floccula-
tion is generally favored by high
temperatures.

Warer Clarifier. (See Fig. 8). In
this installation dirty waters (abt.
130 m /h) coming from the two elec-
trostatic filters B and C i(Furnaces
No. 2. 3, 4) are treated. The process
is based on the suspension of parti-
cles in the sludge by flocculation.
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8 DERNARDING VALLEY TRAVERSAGNA VALLEY Bag Filter (Fig. 9). The fy,

A No. 0 for steel production andn:;,
single-phase Furnace No. 1 are " [
MDROELECTRIC POWSR PLANY nected to this filter. This pyne t ¥
has been installed about 80 me, ‘
away from the furnaces in (., } 4
that the gases cool down nutyy, §
along the overhead steel pipe 1, <
furnace to filter. Fumes wrrj . !
the filter with a temperature ¢ .~}
proximately 120°C. oy -
The filter consists of 244 gl g! T
fiber bags (guaranteed up to 285 ¢ |
having a total surface of g
divided in 6 cells. The cells in 1,
are excluded from the cleay,. L
process and are cleaned for a IJe;-“;f
of 30 sec by a pneumatic cgun,,.
flow which removes the ust d;-.
posited on fibres to the colieq,.,
storage bin. ®
Following are some problermns ¢,
nected with the gas cleaning wy;,.

i

e v

of silicon metal, the content of SiO,

: presented unforseen difficulties: fig. Y1—t
bi
r ! Location of Plant
. It has already been said that Wwe F frc
i neglected the study of atmosphery, [° ing_Ir
conditions of the site. This was n, 3"}.‘/185
- only a grave fault, but also a gra, usxfbti
E misfortune, In 1965 we collecte: I te
. data with relation to the wind sity. S he
E ation as shown in Fig. 10. up ¢
i The level ground of S. Vittere ;?;OI
. irection of wind. and specifically the area nickname;
Fig. 10—Direction of win “Siberia”, is excluded from pre. Valtl:i);
dominant currents of wind. Durin; §er oy
. summer, when the most difficu): czsjnt(
. Capacity 150 m'/h in the dried sludge does not exceed prok_)lems in pollution occur, the fol- efficier
’ Energy 93%. Unfortunately, we have not lowing phenomena can be observed: accept
f consumption 600 kwh/day found a commercial use for this ma- Complete standstill with no tur- stance
E | Reagent 400 to 500 kg/day terial and now we have a stock of bulence from 8 p.m. to 8 a.m,; ligh
. of hydrated lime approximately 6000 tons; the annual wind from East (to Bellinzona Connet
Ca(OH). production is approximately 2000 from 9 am. to 12 am.; wind from The
: Water loss approximately 12 m’/ tons. The deposit of sludge, however, West from 1 p.m. to 7 p.m. open -
h in the sludge has proved useful to us. It shows Depolyment of fume developec fpme'
in a persuasive way to skeptics, during the night is stagnant above G‘ ited
3 Average characteristics of dirty among both the townspeople and  the factory like a cloud and in the r:)lbl(
. water at the entrance are, with ?ef— the authorities, the results we have early morning moves to Ticino; if g;ce )
erence to the production of silicon achieved in clarification. it reaches the current of wind blow- ney
metal and silicon alloys: i ,
to a
f
pH value 3tob : aeroq
Dust 2.20 gr/lt (300 kg/h, { count
{ 7200 kg/day) Table |. Electrostatic Precipitator. f g Cor
Appearance milky white . ucel
pp Y " S .. the t
3 The purified water at the cleaner - - , asa
] exit has the following character- (for Furnace No 2 & 3) (for Furnace No. 41 f nh ne
istics: . . theo
Capacity 130,000 Nm“/h 100,000 Nm?/h f . and «
g pH value 81010 Entering gas temp, 135 0 270°C 135 to 320°C P - the a
Dust nearly e,hmlnated Temp. of purified gas 30 — 60°C I ing t
Appearance clear, slightly yellow- ) ) g 1o nace:
reen Dust content of in- variable between variable between 0. cerne
g coming gas 0.7 and 4 gr./Nms3 and 4.5 gr./Nm# . gas
L Max. content of !
3 The sludge which is accumulated Guaranteed efficiency £.100 gr/Nms in ;. relat
: on the bottom of the cleaner is the purified gas e Ta
pumped to the natural decantation Suction fan power 0k 00 kw cles
basins. We have two decantation requirements 120 kew 100 Jew thC:l
i i Water P 90 kw 80 kw
basins which ar? .used alternatﬂy' Elgcet;osrarﬁg section 40 k‘\:r 38 kw and
The sludge solidifies after some _— feels
months and can be removed and 'Eota_l power required 4000 kzsgkdw 3700 & 2}}8de ish
agcun}UIated by means of a power V&Z}Ctxc%)cgfxgslr{x::?i‘(;zn 70 meh/ ay 65 Nm:'v;'h/ & suck
shovel. sma
i The chemical composition of dried Total pressure drop 150 mm H:0 the
ern?gg giegends é)llblhethprot(lix:iq:%on V?:jgg;:;:gatro- nggs}?stween and
£ C ’5 n uence. y € a ! %On Specific load amperes 0.50 + 0.60 mA/m? the
of Ca(OH).. During the production of plate U
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' 11—Hood of the 9000 kva furnace.

ng from north to south, the fume
dispersed, but
visible at the city of Bellinzona.

still

If the factory had been con-

‘ne problems

under these

we

sructed a few kilometers further
ip the valley we could have made
:se of the st1,ng air currents in the
San Bernaraino and Traversagna
valleys. Ra»id dispersion of fume
‘ertainly would have substantially
essened
{ wuntered. Perhaps even a modest
{ efficiency of filters would have been
icceptable
tances.

en-

circum-

“innection of Furnace with Filter

The connection of a completely
sen turnace without a hood for the

“me collection, as some are in the
-nifrd States, would present great
~f0%iems. Even with a modern fur-
. equipped with hood and chim-

g

., if smoke has to be conducted

1 cleaning station, technical and
“rodynamic problems can be en-

Antered,

Constructors of furnaces, and pro-

Wcers of ferro alloys have treated

© hood of an open arch furnace

72 stepehild, although they deem
© Mecessary to remove smoke from

“® oparation and to protect workers
_"j e :1pment from the heat. With
“ udiition of adequate gas clean-
416 ‘e unit, constructors of fur-
s 4will have to be directly con-

z:”ﬂ‘(‘ ~ith solving the problems of
* pirification as these problems

“late 1) furnace design.

.l2¢ling the problems of gas
Cfaling of a furnace, considering

© vojume of air to be exhausted

rejutive power expenses,

one

s, for example, forced to dimin-

. the amount of secondary air
“ked into the hood; but the

“aller the amount of secondary air,

higher the smoke temperature,
‘d therefore the exposed parts of

*lurnace are going to suffer stress.

‘nfortunately, at Valmoesa we

Fig. 12—Collection of fumes.

neglected the study of the problems
ot tne hood and then encountered
remarkable difficulties. Only . one
chimney and a height limitation,
(Fig. 11) proved to be insufficient
for giving a good and well distri-
buted suction. In order to draw ade-
quate secondary air in the zone
opposite the chimney and to prevent
the leakage of smoke, a strong suc-
tion of air is caused in the zone
directly under the chimney en-
trance; the violent current can
generate recirculation under the
hood and local increases of heat,
which are dangerous for the hood
itself, the copper cables and other
exposed parts.

Free height of entrance can pos-
sibly be varied, but is limited by
the operating necessities of the
charging machines. We had to
modify the hood which now is water
cooled. The copper band flexibles
have been reduced to a minimum

of length commensurate with mini-"

mum movement of the electrodes
and are enclosed in an air-cooled
casing.

Perhaps this problem of connec-
tion of furnaces to fume collectors
will have as a consequence a new
examination of technical and eco-
nomical possibilities for the com-
plete closure of furnaces, even for
the production of silicon alloys. As
a matter of fact, there exists some
news about tests and attempts tend-
ing in this direction.

Once we had eliminated this prin-
cipal problem, the authorities in
1965 also began to pay attention to
the secondary sources of smoke
such as outlets from the hood and
the development of fume during
casting operation. It is not easy to
seal the hood perfectly, but it was
finally accomplished. We took care
that the smoke produced during the
casting operation was collected ac-
corcing to the diagram of Fig. 12.

Opening the space between the

shell and charging floor to allow
the escape of smoke to the main
hood has proven to be a simple and
effective procedure.

Measurements

During recent years the measure-
ments regarding smoke and water
in the factory have been numerous
and frequent, especially on the part
of the authorities charged with the
control. At the beginning we ne-
glected this basic study, resulting in
insufficient suction in the first Ven-
turi plant, surprises in the granu-
lation of dust, controversies in re-
gard to efficiency, and so forth.

Amount and analysis of fumes, as
well as amounts and physical and
chemical analysis of dust, have to be
determined with great care. It is
advisable to engage specialized and
independent Institutes for the ac-
quisition of basic data, more so since
the determination of collection effi-
ciency will always have to be com-
mitted to an arbitration board.

The producers of ferro alloys
know that the operation of a ferro-
alloy furnace is very changeable;
with the same kind of production
and the same power, a blowing fur-
nace develops at least 10 times more
dust than a quiet one. Bui also
under normal proceedings the vari-
ation of dust quantity is remark-
able; for example, with Furnace No.
3 producing silicon metal (load ==
8500 kw) we were able to establish
by means of continuous sampling
during 9 hr extreme values ranging
from 0.8 to 4.5 gr/Nm".

it is understood, therefore, that
the average dust amount must be
determined by means of statistical
sampling. The following table in-
dicates the results of particle analy-
sis of dust, from smoke and purified
gas, of samples taken during the
production of silicon metal.

Overflow Water
While at present the problem of
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Table 11, Results of Particle Analysis.

Cleaned
Fumes Gas
Dust Size Weight Percentage
> 100 wh 1 0
100-50 u 7 3
50-25 ud 10 4
25-10 e 12 5
10-3 ue 4 6
5-2.5 ud 4 5
25-1.0 nd 4 14
1.0-0.5 ud 10 24
0.5-0.25 ud 21
0.25-0.15 up 13 39
< 015 uo 14
100 100

water clarification has been solved
successfully, I must say that we had
many problems and expenses in this
area. The River Moesa, running
through the valley, has very clear
water of a greenish-blue color; it
is rich in fish. Three kilometers
down the valley the Moesa River
flows in the Ticino River which,
after 10 kilometers, enters into Lake
Maggiore, known for its scenic
beauty.

Almost immediately after order-
ing the wet smoke purifiers, we
considered  building decantation
basins of ample area, confident that
the decantation was going to be easy.
To our dismay, only the dust of
carbon and quartz deposited itself
in basins. The fume particles con-
tinued right on out the overflow!
The dirty water collected in a bottle
clarified itself by means of natural
sedimentation only after 56 hr!

The River Moesa has a change-
able flow. The measurements car-
ried out during 1963 at the side of
Valmoesa show, for instance, a mini-
mum of 3.61 m'/sec. during Febru-
ary and a maximum of 68.3 m'/sec
during June, with a yearly average
of 28.3 m"/sec.

Surveys and measurements were
carried out by the authorities dur-
ing April, 1963 (average flow: 15.8
m’/sec). Three kilometers down the
valley the river water color was
still noticeably whitish and dull, al-
though the dirty water inflow re-
presented a very limited percentage:
130 m'/h = 0.036 m*/sec., that is to
say 0.23% of the river flow.

When choosing a wet purifying
plant the overflow water problem
has to be tackled at once, more so
because it does not present particu-
lar difficulties if carefully studied.

Corrosion

The phenomenon of corrosion of
metals was already noted at the
Venturi-Scrubber. This purifier was
operated only during a limited
period and presented us with many
collection problems. Owing to these
reasons we neglected and also for-
got the less pressing question of cor-
rosion.

Constructing the first electrostatic
precipitator, it was intended to

eliminate the phenomenon of cor-
rosion, covering metals with adapted
paints and correcting the pH value
of the water by introduction of soda
ash. But paints were insufficient to
protect the metal;, afterwards it
couid be noticed that corrosion
worked in many parts under the
paint layer.

Corrosiveness of the water mainly
depends on the presence of sulfur-
ous acid and partly sulfuric, coming
from combustion of the sulfur con-
tained in the carbon. It seems that
ozone, too, is in the water and is
partly responsible for corrosion. The
formation of ozone can happen in
the electrostatic part with the
“black” discharges and even more
during small but frequent discharges
that can be observed during the
washing operation of the electro-
static plates.

Nearly all parts of the two elec-
trostatic precipitators exposed to the
dirty water and to the wet gas were
reconstructed in stainless steel be-
tween 1964 and 1966. In order to
limit expenses for material we made
remarkable modifications at the
construction. After using stainless
steel for the principal parts of the
cleaning equipment, problems of
corrosion were resolved and we have
had no further troubles.

Now I should like to suggest other
aspects of our experience which, I
hope, may be of interest:

Dangers of Fume and of Dirty Waters

The Medical Service of the Labor
Head Office officially declared that
fumes coming from the stacks of
furnace producing ferrosilicon and
silicon metal are not dangerous for
the health of people, animals and
plants, even in zones nearby the fac-
tory. Also, dirty waters coming from
precipitators and examined by vari-
ous laboratories did not report to
be toxic and had no bacterial effects.

During the writing of this report,
the Board of Public Health is about
to take samples of the collected
sludge and clarified water coming
from production of Chromium Sili-
c.de. We are watching carefully for
the presence of hexavalent Chrom-
ium oxide (CrQO.) of which even
small quantities can be toxic.

Defense to Avoid Pollution

There exist in Switzerland strict
laws imposed by the Confederacy
(1955) and by the Kanton (1959
Kanton Graubiinden) to protect
waters from pollution. On the other
hand, we do not yet have laws im-
posed by the Confederacy or by the
Kanton for the protection of the air.

The measures of the Authorities of
Kanton Graubiinden to force Val-
moesa to the collection of fumes was
based on the conditions published in
the decree for the construction of the
factory, to wit: “ ... emanations of
fume greater than those of a normal
chimney, will not be tolerated. . .”.

The Authorities of Graubunden

\W

were compelled to proceeq
strictly because of the Stl()nzr.
pressions of public opinion:
tions, articles in newspaper.
vision shows and so forth. I\'qu
in July, 1864, 13 commun;
Kanton Ticino began .« [y
against Valmoesa, asking the
of justice for . .. the closure ()fl
factory if a complete eliminay on .
the smohe should not be (,(.}.Ie‘
. In the meantime, du:;,
long phases of legal procued,.
which is not yet concluded, we :’
successful progress in pu] ficaty.
and are confident of a derisjqy |
cur favor.

h( ‘
l((

My

Choice of the Cleaner Type

Our initial choice of the v-et ¢ e
trostatic filter was made jor t-
following reasons:

1. During the trials in Aug .
with the two electrostatic py.
cipitators (a dry and a wet op,
greater  collection efficiep.
could be consistently achiey,.
using the wet system. '

2. We undervalued the problem o
water pollution which woulq ;.
associated with it.

3. We did not foresee the technjc.
and economical problems in rc.
lation to corrosion. ,

4. There was only limited inform;.
tion about cleaners of the h:_
type to be used for silicon alloy:
and too many unknowns existes
to evaluate them properly. Tt:
durability of the tissue and t-.
feasibility of detaching the pow-
ders deposited on the bags wer,
not well defined. With the pres.
sures upon us, we had no tir:
to conduct trials with a sem.
industrial plar* of this type.

5. In view of the poor experience:
we had with the Venturi type
of collector, we disregarded ar.
kind of cleaning based on we
scrubbing techniques.

6. In our program of productio
were included various qualitie
of ferroalloys. We were giver
the advice to use the wet electro-
static cleaner as being mo:
flexible and suitable to variow
fume particle types.

After many doubts and muc
soul-searching, we are .now of t:
opinion that our choice was ©¥
wrong considering the level of pr-
lution control requested by t
authorities and the results we ha
actually achieved.

Today it is surely easier to stu
and to find the best cleaner &
either a specific fume or for gene:
application. Aside from importa
theoretical studies published
recent years, there exists now ¢

experience with data and rest”
which shculd be available. Acco™~
ing to an inquiry I made, to¥ ;
there are about 450 electric o
furnaces for ferroalloys in !
world. About 25 of them have &=
cleaners or will be connected wit®

-~

_
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5i9. 13—Situation in 1962.

967 to various types of filters. In-
-erests of furnace constructors and
sautiousness of ferroalloys pro-
ducers have not yet permitted a
sseful comparison of the real data
n reference to gas cleaning in the
ndustry. It would certainly be pro-
ser for an international association,
vith social aims, to collect and cor-
relate these various data for the
most effective approach to this seri-
ous pollution problem.

However, many constructors of
cleaning equipment have acquired a
remarkable amount of experience,
and owing to the sacrifices of their
first customers, they are now able
‘0 propose cleaning systems having
ugh efficiency and assured operat-
g results,

Encouraged by the experience
E *hich was developed with various

~taners, and wanting to avoid the
{ @sociated problem of further water
% Oollution, we thought it suitable to
ﬁ e the dry cleaner with fibre bags

»:'f ‘collection of fumes from the
‘»:EE; furnace. Also in other factories
four group we are now assembling

_7steel furnaces; one of these fur-
aes has a heat size of 70 tons.

tehi .

“hieved Results (Figs. 13-14)

- Clarification of waters is com-
pletely satisfactory. We continue
the studies, however, in order to
reduce the important expenses

i and to save costs of chemical
 [tigents,

- E;‘«ellent efficiency of the bag

r filiers in cleaning gas on the

leel furnace and the single-

bhise Furnace No. 1. Stack ef-
"Wt gases are not visible. We
ave not yet exact data about
durability of the bags. We had
i @ Teplace the first set of bags

:‘fm approximately 7000 operat-
‘ng hours; nearly all bags pres-
; efrl‘u:d at the same time a creasing
4 00 tissue. This phenomenon was
Tt due to the use, but to the
Mechanical assembly. Upon in-
4 Spection in August of this year,

‘i after 3000 operating hr with the

‘ree electrostatic filters (bag type) -

.. o —

Fig. 14—Situation in 1967.

second set, the state of the tissue
is still perfect.

3. The ethiciency of the electro-
static precipitators after approx-
imately 11 months is constant.
We measure normal contents of
gas; during washing operation
(3 min. each half hour) the con-
tent increases to approximately
0.150 gr/Nm'. With this excep-
tion, the guarantee of 0.100 gr/
Nm* maximum has been
achicved. The authorities are
satisfied and accepted these re-
sults; however, they have in-
vited us to try to improve the
cleaning during the washing. op-
eration.

At the end of this 1967 furnace
campaign we shall make some minor
modifications, hoping to be able to
decrease the washing operation
cycle to one minute.

Cleaned gas effluent from the pro-
duction of silicon metal and of ferro-
silicon 75 can be described as fol-
lows: Slightly blue and nearly in-
visible at a dust content of 0.050
gr/Nm*; 0.100 gr/Nm* already shows
the existence of a furnace; 0.150
gr/Nm* yields a gas of whitish-gray
color and the fumes disperse at a
distance of some hundred meters
from the stack.

Efficiency of cleaning can be cal-

culated as T, wherein A =

content of dust in the furnace, B ==
content of dust in the cleaned gas.

Average contents measured in our
filters are as follows:

A = 1.70 gr/Nm3, B = 0.080 gr/Nm?*

The average efficiency is therefore
1.70 — 0.08

1.70
It seems to us very difficult to sur-
pass this efficiency. I point out that
the percentage efficiency has a lim-
ited importance as far as the visi-
bility of effluent gas is concerned.
Despite a high efficiency of purifi-
cation, unsatisfactory results with
regard to visibility of the discharged

= 95.5%

fume are possible; for example,/if
the dust of the fume is 4 gr/Nm®
and in the cleaned gas 0.200 gr/Nm’,
efficiency is high (4.00—0.200/4.00
= 95%), but the result considered in
point of view of visibility cannot
be accepted. Effective filter perform-
ance can be best evaluated by the
measure of its maintaining the max-
imum content of 0.100 gr/Nm’ in
the cleaned gas, notwithstanding
frequent variations in the dust con-
ient of the fume. We get this result,
even if the dust content varies from
0.85 to 4.5 gr/Nm’.

During the first years interrup-
tions of electrostatic precipitators
were frequent; we had breakage of
electrostatic wires, electric dis-
charges, water stoppages, and high
use of single parts owing to corro-
sion. These accidents hurt us badly
because the authorities would not
allow operation of furnaces without
collection, even for a short period.
We therefore have had to apply
the rule: “If the filter is stopped,
the furnaces have to be stopped.”
I should like to point out that in our
factory are installed some indicators,
sealed by authorities; these meters
register the operation of filters and
furnaces!

We studied and worked hard in
order to eliminate the reasons for
these failures and at last we have
reached good results. During the
last seven months the electrostatic
filters have worked continuously
without trouble. Once a week dur-
ing the night from Friday to Satur-
day, we stop each filter for approxi-
mately two hours for control, clean-
ing and maintenance; by approval
of the authorities, this work can
be executed without stopping the
furnace; we only have to reduce the
load.

Among the results we reached I
also have to acknowledge that our
technicians now pay more attention
to a good operating process. In order
to reduce the fume, during our long
years of difficulties, we tried to in-
fluence the operation of the furnace,
paying particular attention to the
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quality of mix preparation and
blending, depth of the electrodes,
electrical conditions, and the size
and quality of raw material. All
these factors can have great influ-
ence on the dust content of the fume.

Costs of Cleaning Equipment

The great difficulties we en-
countered brought enormous costs
for the installations. From the be-
ginning of the problem until March,
1967, we spent a total amount of
$1.2 million. Costs of construction,
modifications, studies and trials are
included in this amount. General ex-
penses, such as administrative costs,
lawyers and experts’ opinions for
the process, costs for measurements
and so forth, and indirect costs for
loss of production are not con-
sidered. Amortization of this im-
pressive amount is a great finan-
cial and technical problem; more-
over, we do not know the real period
we need to amortize different parts
of the various installations.

Expenses we incurred cannot be
directly applied to other factories
which are considering the installa-
tion of cleaning equipment. We do
estimate that to install equipment
comparable to what we now have
would not exceed $600,000. In this
sum are included all expenses for
the two electrostatic precipitators,
the bag filters, the water clarifier
and the decantation basins for
sludge.

Working Costs
Unfortunately we are not yet pre-

pared to give exact information
about this important subject. We
have had the equipment in service
for only about a year and we think
we need another year to define oper-
ating and maintenance exXpenses.
The effective consumption of water
and material for the collection of
fume was indicated above and it
is easy to derive consequent costs
therefrom. One technician and three
workmen per day are actually in-
volved in operating and maintaining
all filters; however, we are central-
izing the switchboards in order to
reduce this part of labor to only two
men per day.

A very important part of wet
electrostatic air clarification costs is
the “flocculant” used to treat the
waste water. Among the various
types on the market, we have found
a material that costs about $1.50/1b
to be the most suitable.

Actually, operating expenses for
our entire pollution control system
amount to $140/day and we hope to
reduce it to $90/day.

CONCLUSION

1 wish to conclude this report by
advising my colleagues not to
undervalue and not to try to escape,
trom the smoke abatement problem
when claims and requests from
authorities begin. The technical
study should begin promptly and be
well thought out. Injunctions and
avalanches of claims can cause
bungled studies and decisions. 1

ﬁ

highly recommend the approac |,
entrusting the exact determingy
of the principal data of the Probl.”
to independent institutes specialj,,
in this field. In this way defq,”
against claims and requesty |
authorities can better be coq,
plished and a comprehensive .~
will be, in any case, the best b:;:':
to resolve the real problem w
made our initial study with, .
qualified assistance with the I'ESL—
that our errors and failures m.
during the long period in wtich -,
acquired our experience, \ere o
terpreted by public opinion I
many years as a direct and wiy
act made with malice aforciloyg!
While we can admit a certo.n pg/
siveness at the beginning, gy,
1960 we honestly and with enthy .
asm have done everything pogsy,.
to achieve the best level of poj.
tion control at Valmoesa.

Finally, last year, the authoritj.
acknowledge that “Valmoesa g:
everything for pollution contrr
which is possible to do within 1
actual limits of the most advance
technology.”

Many former enemies, amorpg
them vociferous and violent jou:.
nalists, now treat us with compr.
hension and friendship. We can ge.
fine ourselves “the most purified an:
inspected ferro-alloy factory in th
world”; however, we would b
pleased to cede as soon as possible
this honorary diploma to other con.-
petitors of ours!
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