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mportancc— to: reauce*these 1osues *toa ‘mmmum. I

m.pz‘aduced, inthe' furnace itserfyithe Fest. i1 mﬁltrd*' ng'mr. Cl 'e'.: 1ng of

..biom of, ferromenggnese, arc relatively~smal¥ and-thedr ¢ledning- prese' s "

SULIARY, L )
——-—-’_'— B

Funcs emitted from furnsces producing ferro-elloys are probobly nct
narmful tc pcople, animals or vegetetion. The fumes are opjectionable fronm
an esthetical ond psychological point of view, end deposition of course
perticles in the immediate vicinlty of the plants is a problem in some cases.

The fume=- and dust-problcms in the metallurgicel industry present many
difficulties. Their solution demends intimete knowledge of gas clesning
technology, chemistry and metallurgy. The formation of fumes represents g

jocs of energy and veluable materiel from the process. It is thus of great

Y .-

(_)Ecn sub-mcrgoa aré furr\au,ca a.rc WlO.L_.L" uscd 1n ‘uae prochm.on of fu‘*c«
mhcon, férrochromium and sulcomangannsc. "'he voluuxes ol gas eai teo. froz

t‘xc stack of: these furnc.ces are very‘larg,c. Only 0:5-3 % cf the 513:. are

2 R

thCSe wm o.llm,:. gases is 5.\;ons¢ve, espec:.a.lly ‘occause the l&rge Runbex

Boop M Ve

vcry s ll Pc.rt’CleS '_demands very ei‘fec ive. cleam ne o mate +ho plumgs e

. The gas volumcs ‘emitted from closed furnsces, wide Ij used in thf “)I‘OC g

rclat.r’"ly fow teqxnlcal prooloas, expe c1ally wnen thc gases are col 3

. p.,

e

- in-the- unournt gsete. - Tha unburnt gas,’ cOnvalnmb a nrh *‘e cc*x -2 of

o

~\‘ s ,' .

.., Sarbon monoxidey,: ds.poisencus and £orms" eXgIds 1ve mixtives witn S3Y, s T

zakes the relicopility of the gas cleaning equipment a very important fecture.
®ct cleaning systems are most widely used, giving rise to problems associ-
eted with the disposal of sludge ond contaminated water,

It is likely.that clo'sed and seml-cloend furnaces for the manufactiure of
alloys whick are now belnn' manufactured in open furnaces will be developed

ia the ﬁxture. Careful *orenc-r‘.mo*l of raw 1 aterla.ls wiil favour ihis

sovelorment, Clessafied raw mauecwls will for 1nstar ce glve better opera-
tion of the furnaces, higher yvicld and less fume.

The remeinder of this summary presents o brief survey of published in-
fomntion regarding air pollution problems associated with the most

importeny fu’ro'xlT oys: fcrroul;con, fero‘nanganese, olllCOmﬁngﬁ 1268 end
{irrochromiva, N

“
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Aouse in Freace. Pu‘rll hed cost-data erz included, but no att ::mpt a5 Geen

o i e

L -

W -2-

ferrosilicon.

——————r

Ferrosilicon is predominantly produced in open, 3-phase electric
furpaces. Some seni-closcd furnaces for production of alloys containing
L5 4 silicon or less are howaver inm operation. An increesing content of
silicon in the alloy increuscs the formation of fume, and consequanily the

consumption of quartz, more than proporticnally to the silicen conftent of

the elloy. An cpcen G000 kW forrosilicon furnace veatilated bv natural con

veetion is reported to cmit 150-200 COO o3 as etoon £05 pLT wGliiv wia Ll

\T"‘""'

W
J5 4 ferros: ferrosilicon produceé, The perticulsate emission is then 100-200 iz per

_— e L e e -

cetric ten of 75 % ferrosilicon, It can for practical purposes Be congiderad

--es tensis tlng oL tvo: ‘r&ttlom, a coarue one (10-20 ,o) co..;poaed of p\.rti‘ ieg

ot thd cha ,g;e And’d fide ond cou‘pooed of suo-ml ron JAOl’pDO\ls .,.102 Yo

N

"fmcr fLuC‘ lon ‘is fomlné the cnaractcrl 1c plun essonle.ted wlth the pro- .

ductloa of‘ fe OS"lLCOP.

K comple‘be elmlna:blon of the, visible: plume will® dema*ld” i‘emmra of

rj_”.L. uus can only ue obts, 1 a

PR I

e w_ ""‘-"t

\"r:oans of gm-cleavng ecummc t of very hi ;*n o i‘i' cnc.v. - V"’heAce)* se fraetia=

can b(. moved by less e,:pw ive eqiunmenu at lowér costi

The réport mentionssome of the more recent instellgtions, & r"r’w el*c*“’

., skatiq precipitator. in. Joxwey. &.Web, precipitetor.- Ln--’ﬁwltzerlana and-d Bag=

™

¢
u

gade to- caupe.re the-econemies of diffe e:zt, “systems,

rerromanzanese,

The ecnission of poisonou '“'.nc:a*)ese co"mounda during prolucticn of" ferro-

nungencse has beern drastice .11y reduced after the shift from opcn to closcd

Ny - - i -
durnaces.  The gases from cleosed JLurnaces can be colwcted;n,ﬂconccntra.tea

fora end cleancd_ for subsegquant use a.s & f‘uem Different typcs of hJ 51:

tacrgy scrubbers ere ill the ‘o“t Wi don usea t"pe of gas-cleam ng uou*p-

2ent in this conrcc:.lon

T e
e o a7
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Ferro elloys is a common name tor elloys cénsisting of iron and cpe or
zsrc other metals, veing usecs by the steel industry as desoxidents znd as
scurces  of alloying cleuments to obtain desireqd properties in the stecl,
st of the slloying metals are less noble than iron, indicatirg thet the
rrecess temperature durinn'vsmﬁlulng of the alloys must be higher than

durirg the reduction of iron and higher the more stadle their ocxides are,

1

W rracticel couscquence of this is tnet orly a few of the ferro alloys can

*

parufactured by carbothernie reduction in furnaces of the blast-furnace

[ad

L¥]

type. Prcduction of ferro alloys is thus pa.rticularly well suited for

electric suclting,

l

kt
i.‘
:
i
i
;
;

i : 1

i

*

2. TdE DIFFIRENT FYRR0 A LOYu. et et s et AN e
.. . S ey /,’:.._.‘,'4,. S M ~_.-..‘.'~_..- EURRS SEFAC TN . T A
?.3. 1 ~h s¢1wcon cow azn:nx alloys.

'?brrdgilibbh”ié'éd”éiisy 65n51st1ug of iron and Siliean, +he comoocivion
it indicated by its silicon content in 7. Alloys containing more then 15 %
silicon arc termeg hlgh-—pcrccntage alloys. The common alloys procduccd in
ticetric furnaces contain appr cximately 25, L5, 75 ang 80 % of silicon.
Silicen metal centeining dpprOJ.:Lmately 98 % of silicon is manuraciured in

the same type of furnace, | ;

.

2 ~ e e
Antencse elloyvs,

i
R

These alloys contain Mn, Fe;: and smaller erounts of C andg Si. The most
izportans Process is carbothernmic reduction of rangancse ore in blast
furnaces or elebtrlc furnaces. Alum:mothor- nic and sil icothermnic reduction
i3 to some extent used in preduction of alloys with lew carbon content.

illoys having a low- mangancse content, like spiegeleisen (5- 20 % Mn,
3.5-5.5. % c), 8111co—<plcrre‘ (15-20 7 ¥Mn, 10 % 51 and 5 % C), and ferrc-
=rennese having g Ligh carbon content (718 % ta, 7 % c, 2 o S.L and 13 § Fe)
Ar¢ produceg ip ordinary blast furnace

Ferromanganese naving Yoth high, wodiva {1-1. 5% C) ard lov (0.1-0.3 2 )

ra -~
anese (15-

s

“itents of crrbon, s well as s- \crn.L qualities of silicomanc
c) .
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2.3. Chromiuﬂ ".110}'5 .

Ferrochromium elloys arc usually containing 60-70 % Cr, 4-6 % C and less

then 2 Z Si. Alloys of differing compositions are,

however, produced
-according to demand. Ferrochromius alioys having a low content of carbon

were mest widely uscd some years ago. The introduction of CXygen~blown

furnaces in the steel industry has to an incrcosing extent shifted the demand

towards the significantly less expensive alloys having & high cerbon content.

¢

2.4, Other =1lcys.

In addition To the main types mentioned earlicr,
production of other alloys.

there is also a limited

Among these is a series of alloys containing
"eluminium and calcium, ;
:
i

|
{
I
f
i
i

3. ELLCTRIC SMLLTING.

3.1, Metallurav.

i ’ *
The raw materisls for the production of the common ferro alloys are ircn

in the form of SCrap or iron ore and, according to the specific alloy to be

produced, quartz end oxidic nenganese or chromium ores. The reduction

matericl is corbon, in the form of coxe, coal or charcoal, or silicon. Fluor—

spar, limcstone, bauxite and other additives are used to form sles. anéd in
some cases

5 &8s sources of aluminium or caleiwm for the alloys.

The general

equetion descriving the carbothermic reduction teking place

in the electric furaace is:

»
i
i
hd 23

} + = xMe
AexOy Yy C=xMe + yC?
gl
The equilibriun will in prese

nce of. ircn or eesily reducable iren ore be
strengly shifted to the right.

The heat releesed during dissolution of Lfor

instance silicon in iron essentizlly promotes the reduction of the quartz oy

contributing to the cnergy of reaction.
Reduction of oxides of wanganese and chron

iwa leads to the formation of
ferro ollsys hovi

ng a high ccatent of carbon:

Fe + c0 + 2 ¢ —

>EF¢ - o - Cj + CO (Reduction)
- N - -




" silicothermic process:

-0 -

Thie carboa contont depends upon the tempercture during the reduction, the
ccatents of metal oxides and the alkalinity of the slag. The carbon may be
partially reamcved by a successive rcfining en; sing a substantial loss of
zctal exides.  The loss of metals ineresseg rapidly with decreasing carbon
ccnient of the alloy,

High-quality ferrochromlum and ferremanganese having a low content of

-

carvon are for this reason produced by means of & combined cerbothermic-

;.
* E
)

1. MGO+5102+16C+re-—~>[Fe-Me-C-SiJ+3CO

2. [Fe-l"\.-C-Sl:}+2uIeO+CaO—-—>[Fe-3Me-(?]+CaO  sio,

The first step consists of making an intermcdicte alloy containing sili-
cin end & small amount of carbcn. This alloy is made by cerbothermic reduc-
tion in an electrie furnace, its carbon ccntent depends upon itg content of
tilicon. The sccond step consists of the intermediate alloy belng.desiliconized

“ith ore in a Hérowlt furnace during addition of lim_estone.

o
"

1 T Al w e S yyn ——na .
5.2, Th~ r*nrmm:zu i SWeLuil ana rume formatieon,

Development of energy durmg smelting of fer ro-ellcys in electrie fuinaces

o)

& partly occuring in the ele ectric are ang partly by elcctrie resistance in

* ¢harge. There is g great number of small electric arcs between the
wvctrodes ang the che.rgc. The smelt’“* tekes place rapidly et high tewpera-
‘wre in g compar tlvely nerrow renon Surrcunding the lower eng c» the elcc~

vl oxides of netals having cn eppreciablce Vapour pressure in the temperature
fegion from 2000 to 2500 C. It is Gssumed that metals like for instence Mn,
Te end si have a treng to evaporate in the regicn of the electric are. Si0

= ¥l as several alxallnc ccmpounds do also have a significant vapour
;Teisure in thig region.

e process gases rising through the eharge consist of 00 ang Cveparated
*2iles ang netals, I combustion takes Place on the surface of tho charge,
B0 FYLpoursreact te fom the characteristic metallurgical fume consisting of
voi=ziercn oxide purticles,

.
‘%8 clesed furnace whepn no combusticn tekes place due to lsex of oxygen,

=etel vepowr go Y during the coollng pericd recet with CO to form finely

Vi certon particles and lewv-valenee Retel oxides 1ike FeO, Mnd ang

Caliv o 8tn. el - -




3.3, Electric furnaces,

The_open electric furncce represents the oldest and simplest design, and
is still‘.—t..h’e'onc most widely used, "‘hc closed “urnrces‘ are however to an.
incrcasing extent being used when t: “2 raw weteriels do not form ca.vztles and
. tridges in the furnace but s:.n}r unlfomly. Production of pig
iron, calcium carbide, and to scme extent silico manganese are examples of
processes of the latter klnd.» Onen furnaces are still required in the so-
¢2lled high-tenpercature processp.s for production of allcys having a high
ecntent of silicon. The reason is that quartz, the main component of the

charge, at temperatures below 1ts smelting point tends to becone plla.ble and

fora a sticky mass. L

Yiodern open furnaces arc us;ally equipped with a hoed for the collection
¢f goses which are releesed to the atncsphere through a steck mounted on
<he roof of the building. L?.rgé enounts of air are flowing into the hood,
thc gas emitted to the atmosphcre contains only 0.5-3 7 of gases produced
ia the furnace itself, Reducim; the volume of svecondary alr by decrcasing
*te distence between the haod £nd the furnsce, or by'dcsi'*ning o nearly

2sed hood with small openings to be used by the operators has proved
tffiendlt. The primary diff cult*' es have been to provide access to the

<nxece for the operators and to avoid demages because of high gas tcmpera.—

C__lg_s_ej_ and semi-closed mrne.jces emit relatively smell volumes of gases
. b2 cleaned, and the cleaning dces not present technical problesms provided
¥ cwbustion tekes plece. The ges contains a high percentege of CO and is
% ¥Qutble fuel. Cleaning of the gas followed by combustion may be a profite
\:lv process, Installation of gas cleaning equirment in connection with
sssed furnaces demands special precautions to be taken because the gas i
;cxsonous, explosive if mlxed wlth air in certain proportions and contalnlng
v 2ish and verying amount of flnely d1v1dea particulate material. The ; g
fleened gas will frequently have to be transported in long ducts to the place
4 .¢onsuzption, this calls for hlgh-eff1c1ency cleaning. Wet cleaning systems
+°: for rcasons of safety and simplicity of operation most widely usecd.
T <#iding the large amounts of water nceded and the disposal of sludge may
“MNuter present serious problems.

Cxplcte collection of gas from the closcd furnaces is usually not

: -x-abl‘,, Some gas wili cscape durlng charging and around the clecyrodes,

1 €8s will burn in the same manner as the gases cnitted from the open
L]
TYRWs, It will mlx

L X
1 EAR ans .

with large volunes of air before it is collected by

.

4t e mie s



~:saning of th1s gas would because of the large volumes involved be very
\pazsive. Tnis indicates the importance of preventing leakages from
cscd furnaces. Air pollution problems causcd by fumes escaping from

.>-3¢d furnaces could, however, in most cases be solved in a satisfactory
. 4 '
voocr by means of tall stacks. .

5i
4
3
it

.. : . e

1,%, 3aw naterials and emission of fumes.

7se particle size of the re W materials has a very pronounced effect
s the operation of electric furnaces and the formation of fumes. It
:'.4": ncs tne poros:.ty of thc“charge an& +he pOsslblll‘tles of obtalnlng a . C
" ;-.-.:; iy end umfom emlssmn of gases.‘ A porous cnarge v:Lll glve a good o
‘ .i"ouulon of gas across the.'-::urnace, Whll\. rn a dense charge contamlnlg
proportlon of fines the gas will be eruttco Tfrom a few passéages close '

srerease e.nd the ty‘plcal erupuz.ons occur. r"*1ey lea.d to an 1ncree.se :m _

rature and an lncreascd loss of ma.terla.l duc to vaoourlzatlon and

wi herze m2terisl béing cerried ‘avway. S o ' o

,..-: 1f‘eal 51ze of theé coke is approxmauely 5—15 mm. "'he mdustry 1s o R

L N TH G s g N - \:...‘"'5.-« ) gt e B IR e ._f.__‘_:;f..,-",»'1-_’,.;);":‘<...-:.'_,._:'
Lfosently to.a great extont using. as a: *eductant urscreened 2oke ho.vmg a

L :.:: el 0-25 m. As mucn s, 50—60 ” of tne me.terlal may be sma.ller than e e

At _ : e

= xt 15 cv1dent the.t a class ed frac ion of coke, suy S-—lS mm, v111

by uhe furnace and rcduce the amount of particles and fumes emitt_ed.

,ing the raw natcerials is, however, an economic as well as a
i2al problem. Special instzlletions for screening and drying are re-

{+.732 %5 well as fecilitices for" storage of the different fractions. The

223 w1l have to be sintered’ o,. briquetted to make further use possible,
. WLrgrescat a special probvlenm. ‘

. 4viilsble experience secas to indicate thet quartz having good thermal
: e

t'o

+37 increcses the yield dt.rlng smelting of ferrosilicon, thus reducmg
T wriunts of fumes coitted,

b

o FEE TS ST

lectrodes. “The temperature ‘and the velocity of the' gas wlll in thls
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1 nge furnacces are the dominating type for production of ferrosilicon,

gt
.+. = wer oncs have the clectrodes placed in o triengle. The size of the
:t".‘-.ff(;:'varics from 6~8000 kVA ia the older upwards to 40 000 kVA in the
S %
Yacse of thc newer ones.
» -t.--l- -

rav materials are quartz, iron (usually ircn ore or scrap) & roduce

... {coxo, COKC-brecze, charcoal or cozl) and clectrodes. Thc process is
e . . . -

d‘ .r.?cnlly to be considered as a carbothermic reduction of quartz according

»o stoichicmetric cquation:

Foe + 510, + 2 C =Fe531i + 2 CO

~ . greciel nature of the air pollution problems connected with the produce

-

= ¢f ferro silicon 1s caused by the open furnaces. Work has been going

IRy
W*
L]

or » long tilme to build closed furnacecs, and a few semi-closed furnaces
s.z the production of qualitics contnining up to L5 ¢ 81 ere operating toaszy.
v furna ces dc, however, docnaand classificd coxe and pood quzlity scran
iTi% Opcre.ulon of these furnacces become wore difficult with an increasing
s:ntent of silicon in the product. Experiments are also being mede with
£.11y closed furnaces, the results indicate that the problems connected with
*1.r operaticn will not be soived in the near future.

~2 eruptions represent a considercble loss of material. Sstisfactory

~

on of a ferro silicon furnace does then demand that the erupticns are
tovr

P

- et

Bt
trunteracted efficiently. Carcful attention from the operators is very
<sjertent.  The general opercting conditions of the furnaces have a strong

‘iflucuce upon the energy consuaption and the yiela of silicon during tic

7

vetess, ond conscquently also upon the amount of silicon dioxide in the
-2 .
< An incrcesing. conucn cf 5111c0n in the alloy 1n~rec.,eo the frequency

et bl . N e e T o e e b il B i 3 T RL . Nz’,_*-‘ﬁw«-d

P e a s S
so cruptions znd the CIﬂlSSlO"} of fu“cs. ~The consumpticn of quartz increeses

}'\

-

#fe than proportionzlly to thc content of silicon in the alloy.

]

P S« LA - «, s . . :
alzeos 13C cuzntitics cmitted, - -

~r, . - ’ . . . .
<1 fumes in the gases emittied are wmainly consis sting of amorphous 5i0,,
~
[4
[ aetaltl (RYY: - o - P . N .
€ by reaction between cvaporated £10 end stuos zherie O Tue Loss of



..1.3. Sas_cleaning.

A series of attcmpts to cleen the burnt gases from open FeSi furnaces
rave been madc. The coerse fraction causing dustfall in the vieinity of
.xc plent cen be removed by umcans of cyclones or rulticyclones. Even simple
£a8 cleaning installations are, because of the large voluncs of gas in-
yolved, cxpensive in installation and operation. A combination of cyclonmes

=2 a t8ll stack will, however, in many cases eliminate much of the nuisance.

The fine particles of S;OZ.nav:. for-practical purposes no_velocity of
ia¢ Iine parwic

scdimentation, their movement is determined by the circulation of the
e ——

surrounding atmosphere. Locel metcorological and topographical conditions

arc thus controlling the dispersion of the plume, and should be given cere=
£yl considerstion whenever a site for a new plant 1s being selected.
Cleancd gas effluent fro“. the production of s:Ll.Lcon metal and 75 Z ferxo

silicon has heen described as follon'bDJ
- slightly bluc and nea.rly invisible at a dust content of 0.05 g/lﬁn3
- 0.1 g/I\Z:B already shows tm. existence of a furnace

- 0.15 g/l‘§m3 yiclds a g;as of vhitish-grey colour and the fwaes disperse
at o distance of some hundrz=d meters from the stack.

7Thls nicens that co.nplc .2 almmaulon of the very evident plume freo a

, firro silicon furnace requires a cleanlng efficienc Lin_sxge,ss,.oﬁ,%,.,’:_M_by

,
<

«icht, High-efficiency gas cleaning cquipment es electrostatic precipite

———

rs, fabric filters or hign-cuergy scrubbers will be required to obtain this.
Pilct-scale experiments hove indicated that & scrubber to obtain a su fficient
¢fficiency would require an energy consumption of 1000-1500 kWn per meiric
: t25 75 % FeSi, or 10-15 7 of the cnergy required during the smelting.

Two exwuples of recently instelled gas-cleaning plants sholl be described
in zore detail. A Norwegizn plant has installed a dry electrostatic prgcipi—-

- okt i dsn PR - .

tutor in cennection wlth QUOO kv furnece proaucrmg slllcon metd. Lue to

(Ol s

ke high resutn—ltg of the fume na.zuclcs, the ga ase€s arg 1n 1ally coo_g_d

S AT ey Sty - B PRPEE P

“«ith vater in o condl‘lomnb ..ow;r. an installation has been in operaticn
~ e - 2

b TR T b

*N
;'

1 little more than & year. Some difficultics encountercd during the
‘mwsing-in period seem to be essentially overcome by now. The instnalled cost
+:+ 4,5 £il1, ¥, kr, Opcreting costs have been rcoported to ope 100.00C8 and
“tyitel costs o be 150,000 it.ar, per yoar, meking the total cosis of gos
~ning 83 I.kr. per metric ton of 75 £ Fedi [57. 10 metric tons of dGust
5 & velume of 50 m3 ure produced every 24 hours. No profitable usc of

< e d
> U5t b Leern formd yeb.
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a closning gescs frex ferro silicon furnaces r_hj. Originally they installed
P - (%)

- gonturi scrubber, out thc officicacy ghtrinced wos far below u’pwt ~tiocns,
;"-OAV

*—. nonos with respect o the efficierey of the cleancr broxe down, oniy o
Y s —_— - o Prnvayh w- B < b - s e s LS -~ o
meizim of 30 7 dust wos int ercepted.  Instced there w'xs an c*)onmovs Qc‘i‘,lC'
- L i RS L SRR w%ﬁ&‘-%»-.—— s "*“—‘—-—-g«_w“_m‘ -~ - ——— -

- < h 7, SO o N - 9 —')‘1 " Strlintsna
o pe 0f wator vepowr whic wor scned the visual olu\l"k? oo li_. | Instclintica

.22 a8, howover, o success. The gascs are
- . R : S 3 .-

Wraaomatas by o ° : “:" Fy'ee '““ .

+soa coolod ane uhoca by passing, a 15 cm thick leyor of gless ls

e befare they entor the proecivitator.  Tac aversge aust

cont He gasS i; 1.7 g per Nz”, corresponding to 150-160 kg aust per

- *ric ton : The cxurme Vc.lllk—s enco ounte ed, dur m .G 24, hou.s R
‘;,."-‘.?Iod are 0.6 2 g/_ 3. ’ Lr‘ dust com,n ;t oJ. th\, clcanca- r'a.a *\ms,

L cracrding 0. iz .gua) ﬁtcé; 0 l g/nm . It ¢s asually 0. Op 0. 08 r'/m_.

D

R .}’,Lr‘; snori *Jcrlods \rm,n bhc co‘leﬂ Ji"xr* clectrodes arg woghed with vavep -

- -;»-.-g ust Seposits. ’l‘n:: everazae dust contentc is the
~ (=3

L# e total emount of water efflucnt from the 2 preéipit:.‘toifs is 130 o7 zox
Vooue X ’ ' - »
~;... th; ch,mrr of mus water has _‘urned ou.t tg_,_b,e,g.«,problem_.; Several .

e R .that._ { h o :‘lL“'"’V r‘o in sztiling 'u..“-o',_
i ofwator p ollution wed undérestis Aut\.o.. .' A omvu:mo- u:.,b'ﬁ,“
¢ the gas clx.&nlng costs is the ! floccma 1t .ui‘eu ‘co «.reat tre w,?.gn_f;e LY S

SRR s ".;né S‘Jlss cmnany “reyorvs'tnat the Lota!; ef tnulr um' '

....3..3;:(; .-nstc.u.mlons 1¢ J‘. mzll.u.S doll .. .TN3S sun ,,inc dudes  Tha e s
- . s FRRL T R =t . .
w’ L4 ok - L4 N o N o, . - N _: . RN
é5fa 1 insta llgtwon cn SCh *ub"wrs, 2 w > e;.e-ctrostm;c px-oupltau:-s WLTh
§ wia fueiiitics Tor-cleaning of water effluvomts an’ & boghitlew. Thedo ine

vieilations clean  the gases from 2 9000 kVA furnaces producinz TS5 # TeSi cor

tiicen metal, 2 2500 kVA {urnzces producing verious other Terro-allcys and
b Ama - . N
« L3 kYA furrece produsi 13 steel.  Having acpus I'Eu. their present xnow-how,

N

“iu7 essane that s satisfactory instellation can be bujit Tor 700.02¢ U.3,
“ilarss The opersting costs for the entire pollution cortrol systerm siouscs
YT L0 ULEL dollers per 2 nours, wut they nope to cut it to 90 VU.S. doilers
;¢ 2% hours,

57, among.

Several furnaces in France are ¢guipped with baghouses

- R g { h¥4 = . . R AT L o
,r\ © -~ 000 kVA furneces preducing Ld-75 £ FeSi and 1 10000 KVA furnace pro-

o]
e
>‘I

i
\|
H
[gt]

i =5 75-90 # FSi.  The rosults obtained ar2 reported to ve favourstlic, the
- . ) & ?
Augt . 0l Tep
| i oo fonient or the clesned gas is Tess then The cost  of tiuc
& £
\\,// ~ teetsransiallstion, including gos ecoler ond o pre-clesner, is renoricd Lo

. - ~ Ry N e o
Ximately 22 5 of the cost  »f the furnsce. CUpcrating costi:

-

s
o T R . e = A - - .
TEREYE cunital costs worc SIPTOLNLEN ey 15 Moo e T s b Tend ia
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) LT SorrCIansANasSC. . _
v.".), T2 Procoss.
Tiring rednction end snmelting of rmangancse ore, seme of the MeLSUncse wil.
.f.z\;“;;;."fg bccause of 1ts low boiling-point. The Vapour pressure of manzancsc
'S rezuecd waen alloyed with iron, but the trend of the-meval to evaporate

“ren then lead to formation of menganese fumcs. As the reduction toxes

e TP g
N

in colten state, the use of closed furnoces presents fow operational

:.{fizuitics. The closing mezkes it possible to rccover concentrated CJ and
Y ,.‘, \(: ~——— T
“,“\.‘\ ‘»“:L dust containing e ﬂlg‘l percentage of m mangenese.

ceni e e cTee Pirstoclosed: furnaceq hed an: 1nsta.J.lP r‘t of 7"90\.)L' }&W ~'~tli;‘

SR ~".“.‘,Jf't mrn:mcc: bLll‘t 1n morway Rave a- tra OPRén G "p’lQl‘Cj Qf LO Uw (;»n.
‘;ﬁi‘};‘.ﬂ_&_‘?_‘-ﬁ .Toy- the prcductwn of - fcrromamana.se arc_t\oc,_al kw. : cL;
‘ sae e . r‘( - L. . .

=.,,ls zlta}'I:OLCo

bl w o T
TR g L300, The -quentities. er.zit,téd‘a T R AT
Pcrccntual loss of materlals with the fumes varies h¢gnly £’.CCU din'r to
L2 wmounts of fumes in tne raw Lo erlals &nd oper uln”‘ con(u.tlons. , me N
Frel ~'-“*’"“*i£’i‘¢i‘ tl.n r porcs the eveporatlvc lOaSC'S to bb 10-90 ’6' ' uo&ezn v*neltm»'

S ;,;;;.:;ic_c.f has proo..aly r°duccd tne ev\..*)oraulv‘. lOSSl.S to approy e.te*y ,“‘LC“ ¢

?uollshca dm,o, Leganunv ”m’SSlOIlu "*c‘u ope‘,n and ¢l cseu F*.n'

”

b— o tiers o o

oy
1! L ’I‘A o«

SRR Tunateldy oscavze. T It ‘18, néwover, iikely thot the fumes fro- closua

VerTAERS anve proporvies similar to the fumes from manganese olest furn

- Ce2rse fraction constisutin L approxi uately 20 7 of the solids cmissios
“s of coxe.treeze an

om

small perticles of m mongenese ore from the chargs.

-

p:

T fine fraction is typical netallurgical fume ha viQg & particle size of
1

i
"

cwsuramints on elosed 35-L0 GO0 VA furnaces have shown average gust

/5CF Cnlinty of 1840 g/KmB in the gas{3]]7]. gn3 .ids concentrotions of up to
ﬂq hivre been rcpor‘ted. Tne volume of gas emittcd from a closel

froece is usuzlly 700-800 fm> per meiric ton of FeMa., The bulk veight of
v Ut {5 reported to be B50-500 ky/id
-1 furneces,

» Or twice the weight of dust Trom

RECaenp .




“ e 1k -
..2.3. Gas cleaning.
o firct closed furnaces for sn Jl.twﬁ ferromangangse were oguipped

$ien imgmlc scrubbers, and scrubbars of various typoes are still the most

.

1y usud type of gas-cle zning eguipment. Two recently isstalled Norwczian

.--

~aces of 36 000 and 39 000 kVA transformer capacity ere egquipped with a

1ceen injector-venturi scrutber apd a conventional venturi cerubbor. Averas:s
Pal i
. .. . . . .3 22/
(:1ids concentration after the injector venturi is about(20 ng/lm”. ,%,
& French publicetion[6]éescritos a baghousc instnlled in connceticn with

e FoM=furnace. E.\cné>rienc;;~sh3ws toak the seses are considerably easier to

soen thon the goasgs frem FeS*-—,ﬁﬁz;n
RCR T,

“ .o . Cost data regard‘l-nc the cle anlng of gases from cloé" ed Fa(n—mrnaces ‘have
B {:{ “pocn ‘founi in the Ll'iter'éturo. The 1nstah;‘tlon¢' wul, nowever, Leecdus
TRt e e ghe picl Tspmiler vo.nmes of gas ’be fnr less ex")enslve th ,n the cm,s uaed ‘

o ;:"c:.@ncc“on wrth FGS;—-I‘LU.TI"C.:S. " The costs of ‘the scruber installatica on

Horway ‘ere reported to have been 3. 5-4.0 % of ‘the ‘costs of

T T

Cer.ototal i: stnlletions. 'Opcre. ;; ceost ;nc...uunc c:m;tql orts is a p :.i

e e e d T R e e e e e

W:@om@:’ e Eowcnoas, and the authorities are for this reasoa
"’-w...’;_m
fr.psintly luposing restrictions upon the emissions. 1*1~ shift froa open to
B R d. »:'ﬁ f‘u*na""sx has le ‘E‘.o re.dlcal mpro‘ve.aents o the’ atmosph'rlc conurt;uii s
' m .".c ”c1urc,, cr nl nts p *oducmg ferrona ngeng se. _ bozp ga,c :.s, nuwe.'-.r,. -
o gt &’i{hp‘ ng’even’ frau the" closed” furnaccs. Clcarun of this gas is Ver": ‘

eirkniive, end tell stacka arc reocommended as an alteraative.to’clenning.

s.LlCC'uf. nghné=e 15 besides its mnin use_as o desoxident -im-tho productics

r . e s s e
v

s

Ve -

1 = A ) . - .
iceid 8170 uzed as a reductznt in the production of ferromnanganesc naving

FYNIPRNP.
’ oo

< content of carbon (ferrcranganese suraffiné). It is usually preduced

"" ange > : 3
o TAngancse sleg, quartz and coke=dbreeze in an electric furnece, Low-grede
se

LR SR R,
(AR St

orc¢ cun also be used as 2 raw materinl,

oh Dirnaces are still the_ones rost.widely uwsed din the_produc"" aof

- hanan ST

44‘\':;:131““3”" bub_closed furnaces ere used to some extent, Jt is alaimcd
\-' .

omer £

Sholurpnecs oflfer some technlcesal advantrges,




.3.2. The auantities emittes, .

e

Published &nta regarding the emissions frem silicomanganese furcaces arc

rather scarce. A few measurcments on en older, open furrace of 6070 kVA

Y-

e volume of gas collecied by the hood
vas approximately 70 000 ::;3/11, L0-50 kg of particulate material countainins

transformer capacity [3]5’10:.@\‘ taat

ct

ztout 20 7 of Langanese were emlited per hour. The partlculats, enission from

E

snother Norwvegian furnace.of 10 000 kVA is reported to be somewhat higher [77,

sbout 170 kg per hour.

? . .
-2 Nivl o; &I‘ulCU_L&tc. mauerlal. . . : R
. H . . . N - - . . ot L . AR

)(‘ /_‘W un. ges from 3 open furnaces in a plant in Italy is reported to contaln!/_,ﬁ

. _' The volme o*‘ gas emlttcd f‘ro n olosed S:..-in-‘-l“x,Lrnsgc,es:x_a;eems.-_‘to- be of the ...

e, orde as fo_r cilos}e‘g ;«_e?--m-v_furxgaq_c{s.,_,

u~%'

S : ot Fiieiaig
E 3. G s cleamnp’.

Clcam.ng of the-gas- f‘rom open Slrm-furnaces 1mrol‘ms ‘t*ho same nrnblcﬂq
" 85 tac cmanmg of gases from opcn FeSbf\arnaceo. Lar{,e volum% of gas maXes
e COSVS of gas clcaniag high, - The mangeanese glves the fume a reddish-'o:fo:n'n'

,.olg..u'. maxmg a. hlgn efflc»ency cu ;ollectlon ueC‘E’SS r-y IL th(“p ) é"ié‘ tor
o e -" RS ] . R ' .
, .uc—.\ visitle, Sll-'u.i"‘c“xs 1S casicer to COlJ.LCu tnan chl-o. T, ‘*L(‘&Um QJ,
o S‘,.h,\ ‘ - RS I i Wy .
B its hlgher sp\.c1f1c welght e.ml lower el(.C‘tI‘lC rx_s1st1v1 .[.‘ The gas fr\,m tae

3 e . 2 SRR NI et

J ‘,,.;1&1 fyrnners L-‘.LJ\.L ned coove is Cdcancd in o ccmzmon eJ.k.CC“O&u?.u}u

,.CClpluauOI’ of the dry type. Experiments with vag=houses have been made in

irance,  lione of the open furrnaces producing Siln i» Norwa oy 18 te our inow-
1ige equipped with gas clcaning installation
™

ae methods and costs of cleaning tae gescs from closed Silin~furneces are
tie seme as for Felln-furnaces.

w

tom . . S
e rerrochrone and ferrosilicochrene,

L

+ The vrocess.,’
L20ESS

Chreaiwn is less noble thaa 1ron, but qllgmly more nodble than mangoaesc

durineg the productiorn Lcheve similarly to this mctel., Chromiwus hLng

+
Qe o S et
%8 low vapour Prosswre, nmeking 1oss of meb-1 + throuzh vepourizelion insiun:
':..‘ X - - . N - . . - .
TR The procustion oonsists of corbothioreda refuatian in Aman e cen



yra :zg-grspw dm'lng 'ts:o SI.lC.lulnu.‘ SeVu' com’o‘slon 'tOu.'\ place bcmmse. oz tac

’auC‘u* co.zs coupounda formed

- 7
- 10 -
[
..o, The cuantities cmitted,

Crromium will because of the low vapeur vressurc be enitted os comparative-

’ l}g sarge particles of raw metcrial carried ave ey by tae gas strean. Only

Amzes of chromiun are found in the freetion beleow 1 un, making this froct

iza

as

y.=iier to the particles in tm Tunes from F e51i furnaces.

i <2, Gns cleanine.

-

vury little information regerding cxistirg installations is published.

o,

Qelcnzs not cepedble of removing the fumes are installed on several Furnaces

.

e —houﬁx which was lnetmllcd on. & qaoo xVA-furaacg hed bown trouvia

I

. seratl on*-l ai f;.;cultles. --One of the ‘eguses: of“the trounla. vas, the :;:idcilf

R

'.‘l-.L 134 a‘c,s o; clenning the e scs will for l"-?&bO(lS erolaln{_d oc.fo-'e oe

f_bxgh, Gog. cleo.nmg eqmpmén s to our: knowledra no+ ,.nqtalled cn a"y faz‘;;ééj
A -rat 1 o
R .- ol . B e
s o SR , g S
b e
. i, . . E .

Trondheim, September 28th, 1900,

e

e gl

N

| %//Q 1L %/M j‘ rife /l \//7'{1/&/_,

..

Helge Fredriksen . Ivar Nestsas
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'a. ..uom.rged arc ferro-a.l_lo,f furnace operatlon

Collxv

.cc..ure aw“ln,c Awsdagc‘ae ved xI"‘n
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Winnacker, Y., Kichler, L.:

"Chomische Technologice®. Volume >+ lMetallurgie/Allgemeines.
Yerleg, ilinchen 1961,

C~rl Honscr &y

Collin, F.C.:

"Zn toknisk-Sioncmisk virdoring av nctoder Til reduksjen av rgzpiegen

ved norske metellurgziske be ciftor”,

WUH's prisoppgave, Trouunein, Lorway, 155k,

Measurements carried out Ty the autnors, SINTEF, Troncheim, Forway.,
-.Dste- not published.. = ' © PR AR B
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’Fcrrari,' Rn:d. - . RNy P S
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Experiencés in QQVG‘CLAIT"" ‘an! effe“tzve po“utlon control .)bs.,czr. for -

R LI

"‘rcde'x*nd at the 25+h Arnual blCCul‘f: Furnc.« Confe_rcncc.

A"..Dcce.uber 13, 1907, Chlca{so, Illlno:. . W ment oL Tt e
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