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The wae of starage batteries feor antimshiles and -t;-r JUrpoaR S

ATe sn the imerenas: Bul thess batisries bave s limited 1llfe,

Tha aim of the thesis hes besn to mes Wiwiker £4 is szcoomisnlly
peauible e recever l.llﬂ froa theass comismned sinrags hl‘ﬂ-il'.ll"lt'
These batiorias coataio lesd apd a sanll ;ﬂli of uti.-c?;r. .

The ressverad sntimeaial lesd may L[ind ite use in varlous
industiies like the type fouadry, habtery manufastore and syem L,

in aswrunitiens. .E\

4 mall redoaing Lype fursace, was erectsd for the parpess. ‘\&
T
Experimsntnl maelting of the battery plates contaleing lecd-

sulyhate, lead sxlde and some free lead wus dons.

Flurxing satarials such ss exidew of irem {“:DI' hiﬂ‘) and
lims—atons wan wided ¢s give & good alag.

Somg sensiderstions have beed glven te the possibility ef

reesvaring lead from the flde~duat.

AR astmony study hag-Wesh made to ses wvhither i1 in aconomid.
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Chapter 1 '

INTRODUCTION



IN TICH ,& o

How a days, melala are the foundationa of sverything. v
Fetals go to make smong othsr ihings ths framas of tmlsi- ‘
storisd bukldings, the stream=lined bodies of Jes planas, 5t
ad the sigar-shaped hulls of spege rocksts. Tha demami for
them grows as mankind olisbs the ladder of prn;;----. i -I ;‘%

I '

r ﬂ,!,:;‘
In the 19th century, or a msra hundred and fifty ysars ago, less 'g

ﬂtul one kilogram of metal was produced Lor svary man om the i
Earth, 7The pest hundred apd ity yeara havae pasan unprecy¥ndented :
ldr-nful in sdfemdé teghnology, and industry, A denss network aﬁ
of pover transwissen, telegrarh and telsphone lines has bsen

strung above.

The woodem pleugh hee been replaced by gang piounghe huled by
tractora whose atwsl oylinders pack the power of a hérd of

horses, Wooden looms cen now be zesth mainly in suesums,

All this grogress bss beecme ponsible hevausa the per Sapita
production of metals As how over 150 k;l,l‘[“-nd tha total
quantiby of meteals in sashines, structores and buildings is about

MO0 milliou tonal

To datw, technical propress :I.l based OB
metsln, Production of —t-u nu hedp growing as n bedcome

tesahrically moro lelnp-d

In view of the rapid and expanding rats st wvhich metal is bwing
mined, it ks natural to wsk about our metal resscyas - how much - -

of the wvorlds are rassrye has bLeen consumod and how such resains.

This is & very Aateresiing and crucisl question but unfortunsiely

*,

*y
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we havs po dafinite ond gisple answer.

It La trus we may have to nee scmewhat lower grads orea of .
iron, slowinios, and sugresium in future; tut thers.nead bs
ne fear of -r-r-,:h-uhtinl the aupply ¢f the mstals like iron,
aluminivm, spgrasium ate., - - . '

For some Of the commculy uned but rarer eclementa such as lend,
copper,sinc, the faturs cutlouk is not so prosising, although
it is very diffieult to £ind out Cigures to sstablish tefinite

conclosions. - -

Thare can be little dodbt that with our scdmrn produstion raiss
we are aining som ;r- deposits Castay than new deposita ars
baing discovered and, of cenrss, ihis ssans eventual exhaustion,
Owing to the limited resources of thess metals atiention bap
been given im &ll countriss towards the rocsovery or the secandary
extrastion - vhieh mesans reccvery or sxtraction from eqrap
metols, drosssm, sweapings, skimmingswastas etc,

In cur country .
4A large smount of iron, steel, aluminicom ste. ars discarded

each year dus to corresich, ad ocbsoclets, and brokan machine partws,

worn out utencllas ste.
>

Moat of these strafis are remelted and fabricated into differant
assful articles amd parts, Of the mest abundantly available
and useful meatal serap from wiich ho attempt has yet beefi made

to recover the metal, land b-arlhl acrsps ara Lmportant.

In oor sountry, incresasing quantitics of scrap lead and lasd slloys

100
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. .
arc discardsd each year, which cam be workad up sconcabcally

and convaniantly for rsuss. .

These scrap lead appesr in inrmmersble forme, but mast of the

tonnage will ba covered by the following nln-nifl:ntinn-tg‘

1. Battory piatesr ‘ ,
L |
Moat motor cars ars egquipped with bhatterims in whieh tha
slements are made of antisvnial lesd,. , The expansion of

the auntomcbile industry causes ths sorapping of fncreasing
nusbsr of worked oud hattarios, The sarap contains .
antimounisl 1leady lesd oxide, lsadwsulphsts woodan, rubber

or plastic seporators and some free maid,
8. Cable covering CLrom digearded or burnt cut cables, * «

3. brosses from plants » whioch msli scldar or whits setal

alley i mamafacturing or gemeral use, such as foundriss
L]

die castera, babdit metal uvaers sty.
4, Gemeral lesdebearing sorap ocllectsd by junk dealers. i

In order to determine whathor & scrap is worth working it is Bace~
avary t0 kmow the nature of tha scrap and how much nt the
contained matal may be l:p-nttd te be reocveredj lt would ha
domforting to galoulate thu tost of produgticn and fto knﬂi'tht

prics of the metal in yesrs %0 cdome. The availability and

ragularity of supply of sora)p ii:'as vary important factor,

Gf the many soraps of lesad and léead+alloys, Lead-Aoid batteries

ares most abumdantly found in cur country. OUns sxtimats says
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ﬁ that thérw are over }ﬁﬂ.ﬂﬂﬂ motor vahicles in Bangladesan.

;' Theme wahicles disgard over 50,000 nund--;-d battariss Ilth. YRar,
In the yaars to comw, more vshicles are likely to ba uasd gnd.mors
and mere battoxrded are surw o be discarded wach ysar, Ths
Himher of wwhicles ussd by Hangladeash Army, which i of courss

a conmiderable Figare, bhas nnt bhesn included in this. estimate,

In addition to theas a large guantity uf'hltt-ri;- are used in
laboratories, bospitals, telephoms exvhanges railwsy engines
and in loud speakers.

On the average sath battesry contains approxisately 20 lh-iaut

lead and thus each ywar' we waste mors ithan 3500 tons of land,

Aowewvery, thase battery plates ars worlad for seccodary metal

- ™ -
in vary small planis and by deing 4;r1 crude and primitive
methoda, Conasquently the retovery Ll very ssmall, in almcst all

cascs only the (rea lead is redoversd.

The alm of the present investigationg hos been to Cind out a possi-
bles means of praodacing lwad,; wither hxrd or wsoft, from tha -
tolidamnad storage batteries, Thie has an iwportant bSearing on

tur homs induetry, wvhers a primary produstion of lead ia out

of question, *

]

As regerds the racovary of i-id from scrap battery pl-t;i. the
problem, at the first glance, would appesr to be wimple becauss
soms of the lsnd is alroady pressnt in -the mctallis forw, Buat
ths recovary of more than 80 pesr cent of the metal content im
vary difficult,
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L}
Tho butieries as received may bs in any ons of the seversl
stages ol dilintllr-tlnn.uhlﬂh makek -n-plfn; and thnr-rurn.

ehorge calculation difficuln. .

In spite of thest difficulties it has boen found that ecohomical,
rather profitable; rogovery of lesd from thesa scrap batteries

is pessibls in our cnantey,

.i
*
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Chapter 2 |

THE STORAGE-BATTERY



THE STORAGE BATTERY . " .
[

The electric supply and Akorage batteries thebeen closely
associated since the earliest days of direct-currenl power -
atationa, Then very large storage batteries were am essentlal
part of the peower plant, providing electrical power which was
switched on to the =ystem either tP supplement or to thhke over

generator leads during periods of heavy and light working.

Changes from d.c. to a.cs generation and the development of

L J
natfional Fid system have altered the demands made on storage
) y

batteries, DBatteries or very large capacities are ne longer
required but because of the complexities of high voltage a.c.

- L J
generation and distribution may more smaller batteries are used

for a wide variety of duties,

Improved standards of living have created a large increase in
the demands Tor telephones and all kinds of motor carg and road

vehicles = none of these can work without a storage batteries,

Other forms of transport, by air, rall and sea, rely on batteries

for vital stand-by power. The replacement of ateam leocomotives
1 .
by diesel and diesel=electric locomotives has increased the

demands on the battery, which must new supply very high electrical

power for starting large diesel enginea, in addition teo lighting

L
loads.,

Extensive bullding projects for new towns, schools, hospitals,

large stores, plzce or entertainment etc, demand storage batteries
. - r
Tor maintaing emergency services during pow®F failures,
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Incustrial efficiency is clossly related to improved sdandards
of masarialehandling rslying largely on battery-electric powared
trucks for transpord and atacking duties.

The adaptability amd reliability of atorage batteries ae
souross of slactrical power have made tham an essantisl pars of
sost industries throughout the world.

In al} applicaticne the batisry has proved to be reliable and

has frequantly given good perforssnoe und¢r adverss conditions

and with imdifferont maintenasce, Huch of the suscess of

modern batteries lien in the ressarch carried oul since the

war, resulting in improvemsnt in batisry componants and producticn
of dasigm suited to warious oparating conditions, RBattery life
has beon extandad by the ure of llpru'td grid alloys, contalner
and ssparator materisls. Parformencs under widely different tem-
‘perasture sonditions has been improved by new proceas mothods

-.nfl blending of oxides with new sdditives.

DEF INI AND CHEMIBTRY OF TTE STORAGE I

A storage bBattary is a chemigal device reversible in action,
which stores snorgy st ons time for use at another. The ensrgy
stored is chemioal and nnt‘-lndtrinal; Elsstrianl ensrgy in the
form of d.cs sisetricity im-applisd to the battery during the
operation terawd charging:. The slectrie current producows
chemival changes in the battsry and the chbemical anargy atorsd
in the plates iz reconvertsd $o olectrical snergy when the cell
ie discharging. ‘
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Types of stoxrage batterias which have most prnntinnl'lnd
' pummereisl value ara lead ‘scid batterics sud alkalice bottaries,
the lattsr insluding nickeleiron and nickel-cadmium ssseabiies

Por our parpéss we nasd te ¢onsider laad-anid batisrjes ouly,

ACID ETORAG 2

The fumdsmental parts of a lesd-acid storage cell are two

dissimilar plates o slectrcdes,; Lusersed LB am sleastrolyte

in s sustable container, mamely,

i
Fositive active material - Lead{oxidae, Phon

itgntlvi aotive material)l ~ BSpangy Fb

Rlegtrolyts =~ Dilute solutiom of Ho60, in weter.

In a fully chargsd healthy cell the positive aotive matarial
fn dark chooolate oclour and the negative atiive matsrial stat

gray solowr. *
CHEMICAL REAMCTIORE OF LEAD-ACID DATTERYILS )

In genaral a storage battery must be given & charge bafors it

san function and this is earried sut by concescoting a -uitnhln low
voltage deos NUPPLY asrons 11- tarminals for a good nuihtr of hours«
Thare are, however, some h-tt-rlnu whioh can be n:llvntnd maroly

by adding acid. When a battery iw fully charged the shemical
changes taking ploce within tha esll are complets. The positive
active matarial bas besn converted te Zend-dioxide{PbOg) ard the
ll:.tlvi to spengy lead (Ph) in oontact with ths slestrolyts of

20%



diluse sulplmris scid,

CRBLL ON CFRE-CINCULT) v

Vith no sxterpal eireuit eonnected to the terminile of the eull,
the two sets of isns within the slsetreliyts ars in squilibrioms
s pr-rlntﬂ'h'u moving to- the reaspactive plates.

DI ARGING 3

-
L

During service when the baltery gate diacharged, a ocwrrent flows
in the extermal cireuit from the positive to the negative tarminal.
Currnet alsc Llews Lneside the hattary betweon plates of oppusito
polarity hy way of the gondusiing sulphurie atid solution.

It is in the diluts sulplmric acid éthe electrolyte) that wery
feportant chamical changes take pPlace when a currant passes
betwesn ihs battary plates, This is wery different from Clow of
of .cuxrTont {(elesircms) in the sonincticr asress tha terwmfbals of
ths battory, whish leaves the conductor completely umghanged.

Electralytes ars substances which in the liquid atate or inm
sclution, ars largsly disscolated into pomitive and negative
lone or tharged partisles, Thus in scolution a moleculm of
sulphuric asid (nﬂln,‘} which is sleotrically neutral, is

dissocciated into one sulpbate icna (Hﬁ. ) oarrying two electronie
*
charges and twe hydrogén ioms (F ) sach carrying a positive charge

of an slestron.

»

It is the migraticn ef theee 1ons to the dectrodes (plates)

204



dmrersed in the mlphurdc acid -hlnh'ﬁnn.-l '1-ntrla£tr to
‘flew within tha seil, Most of the chemical changes Saks place
at tha surface #f the platas in gontact with the -1-ntrnlrt-F .
for it is herse that tha ioné prodiuce themical ohanges '1thlnh
the avtive material, .

ELL ON FCHARGE

¥hen an axternal circuit 14 conisoted acroes the csll terminsls
the sulphate dons move to tha megative plats amd part with thais-
Aegative charge., This produges an exeese of nagative chargeé on
tho plate, which is releived by a flow of slectrona into the
¢cnductoy from the Illl;ifi torwinal to the positive ferminal,
fess £rom o poindt of low potential to one of highar potantial.
The passages of surplus nloctroms from the negative plate t:t ’Il;!l
conductor allows wers sulphate 1ons from the eleotreolyts to

coembine with the lead to férm Lead snlphate {Pbﬂﬂil-l-

At the positive plate, the highly amidieed lsad dioxide (Phﬂn}
As mhort of negative abharge, se that it resdily esacepts the °
slettrens arriving from the conduntor. Hydrogen lons BowW move
into tha positive plate from the slectrolyts and combina with
oxyges o fors water, This leaves woms lead fre¢ te, combine

with ths sulphurie ssid te fjHprw lead sulphate and more watar.

As the ﬂ’.lﬁhﬂ-rll preveads andl current conktinues to flow, more
lsad suliphate is formed,; im both plates, by combination of the
acid from the electrolyte.Watar also in formed which hslps to
dilote ths elsctrolyte and it ie this progreasive wealisning of



ths eléctrolyte hr—thi formation of w;tir which provlh-l a
;nﬂ!lnlint way of -;lurln; the amount of dischargs taking plats.
The cell is discharged when its voliage falls repidly and at
this stage most of tha active material has bawn sonvarted to lasdt
sulphate and the plates are almont idepiioal in nallln-l SompoEie

tmj -

CELL OH CHARODE)

To raveras the ohamical changes talking Fllé; in the cell dufin:
discharge, it is necessary t¢ pass s currant into the cell

in the sppoaite direction to that of discharge.

The charging source wout tharafore bave m voltage greater than &
fthlt of the cell or hattery to be charged. Tha tharging lfurh-
cornogted across the cell supplias :n sxcass of nagatively )
charged elacticus to the nagative plate and creates a shortage
nt i+he peaitive plate, The r!;;lt is thet hydrogesn innl
(positively charged) are atiracted to the negotive plnt-.

whire the bhydrogen combines with tho lead sulphate to form lewd
(Pb) and acid (U, 30.).

The shortags of cdargs prodnced at the positive plate results ia
the sulphate inne being atiracted and combining with hydrogen
of the watar to form sulplngtic scid.

Bome of the oxygsh of thu water soshines with the lead of the
positive platas to formn leand oxide, At the negative plate tha
provess of reccsbinstion of the hydrogem snd stulphate comtinhas

As long as thars is sulphats pressnt,. ¥hen ths process of convers

sion of lead sulphate to lead is almost aomplete, bhydrogsn bubblew
206
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form dt the msgative plate and riss through the slasctrolyte,

Bimilarly sulphats lons réact with water at the positive plate {
forming sulphuric acid and leaving oxysen %o raact with lead to
forw lead oxide, VWhem most of the laad is nnnvtrtid: the
oXygen aphears as gas at the pesitiwve plate, The formation of
hydrogen -nd.;:ygnn gas sat the plates is & sign that the cell i

reaching the fully oharged conditlon.

As tha tbafge prosseds ccid which de releaied Crom tha plates
pesses intc the -luntrplyt- ond the spegific gravity alawly

increages.

TYhe ohemical reaction can he pyxpressed as follows 3

Discharged . Chargsd - .

- 2

(+ve) (~ve)

The arrows ars ussd instead of an squals sigh 10 indicates that

" the reaction is reversihle,

I% will ba appreciated that the normal wourking of a battery
produtes lead sulphate at both nugative and poeitive plates,

whioch are resomverted to theily originel condition by charging.

wiY BE CONURMNED 3

The [ormation of lead aulphate {Phiui} during the normal
discharge of a cell reduces thée porosity of the plata, hacsguse
the sulphate cecuples mors apace than the original active material.
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Normally ihe aspansiom is tskwn up by the pores of the plates being
. Eompressed and oe horm ravults, It, howsver, ths sulphsts
formaticn i exeesslive oving to the cell being p-r.l-t-ntlr-nv?r
divcharged and uader charged or left for leng pericds inua dise
eh-réud cendition, the sulpbates expands beyond the abaorbing capa«

ity of the pores.

If tha sulphates forwwd during discharge is allowed to axist for
an appreciskls period of time the erystals ssam to become resrranged
ang Lors a more danse masa iﬁluh is pors n; lens difricult to

convert ta healthy materisl by normal charging.

T™he presencs of this unnnnlthy sulphate 49 indicatsd gaterally

by loss in sapatity, low voltage on dischargs and abnoraally low

specific gravity of the elsctrulyte. It is alsc some times

aparent to the sye through the pr-l;;c- of spots on ths Flltl; o

by the changs of golour on the positive plats form definite dark

brown %0 a lighter brown ar by the slate gray of the negative to
.

& iultrulnnl whitiash grey.

Fer many ysars sntimony hes bean ths alloying olsmant addwd to
1sad in making the lesd-goid batteary gride. Alloys ventasining

6 to 9 per cent antimony ars oxcallasnt from the produgctiom point
of visws, However, thesy IU£rlr from intergranular n:!dntlanl
daring service ihiuh is atcriarated by the presamce of outscticse
at ths grain boundardess Antimony also is relosased into the
electrolyts and during charging is deposited togather with spongy

Jaad on the negative plate.

L4

Thia fa £s wlmo to avme oextent, reaponaible Tor the batterics
being condssmed,
208
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ARALYS1S OF THR FLATES AND QRIDS: . ‘

An actual analysis oarried out in tha laboratory raveasled the

following oomposition 1

Pemitive Flate | Bb._gontent
N FbBO, = AS.6% 31%.

-~ Mo, ~ eh.AN . ) s

a",/ - Easidows,
"aj}, ; moistures » 10% ,

Ng;;ﬁi:n plate

P3O, = 53.2X 56,20%

Pb = 55,6% . 56.5%

Residuss,

HNolptures = 10%

=Ant 1L
Laud = PO
Antimony w 7.2%

Meldaturs,
Residues = 2.0

=

EIIGFUHTIC!H{{&:&EE PUWRER, RED POWDER AN QRiID:

Black powdsr § 33 pet.
Red powder t 43 pot.
Grid t B2 pote

~ Thareforo thes wetal contunt per hundred poundsof sorap battery

Fl

*tg"? plaotas is 76 pounds,

Tha chargos ovuld not bo thoroughly dried and so small awcunta
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of -n:!.-lur- abd ﬂn“'i waR 'pﬂfmt with the plates. ¥Ve have

., apsumed this figure to be 10 pet. uwlf the total weight of sorap
battery plate. Mhis rodused the lead content per himdred
pounda of charge to 68 lba., On this hasis the results wers

-

saleulated, ' .
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Chapter' 3

CHOICE OF THE METHOD



MY BIAST-FIMNACK .

The oholce of the vessel in whith to carry omt the reacticns whieh
lead to the prodochdon of leadis governed firstly by, the natur

of the conoentratas and &f the fusl availablwe, The seccond faotor
to be considered iz the tectnnlogfical knowhow and cost of pPro-
duction. It is, however, dlfflnuli to scme to an absolute

decielion, .

Regarding the recovery of lesad from battery plates four nul.ll.ll‘m.l-nl--'l'.1

-M-Enr trontment have besn suggested sach of which has good
paints and soms drawsbacks. An attempt has bewn mada im ths
fellewing sestions to cowpars tho differsnt methods availsble and

%o coms t0 m eonklusiem rogarding the method to he used.

SMELTING IN THE ORE HEARTH

Thie, ths cldest mwthod of treating lead orssy, has heen many
ups and downs. Originally it was the only mothod of treating
high grada oras, but ths introduction of the blast furnses with
its high capacity and ability to treat impure oros cxussd mich
ef thes ora-hsarths to shat down.

This mathod of amelting was bassd uptn (1) ths refuetion of lead
oxida by € or €0 and {3) the resction betwess lead cxide, lsad
salphide and lead sulphoie, Fesulting in a double decomposition

and the forsation of lead end sulphur di-oxide.

The prosess carriod on is mainly the old woast reaaciion’ in which

the lssd sulphide at relatively low tewmparature is oxidised to
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a -1:tur| of omids and -ulphntn. Tim temperaturs of tha *
. manp 1- then ralssd, the p,id- and sulphates are raduced by sxcess
of laad sulphide to lead and sulphur dioxide,

The recovery of lwad may, in -:unptiunal 1n-t-n¢-l, be as high as
89 per cant but normelly rangea tru- 63 to ?5 per cent with a ooks

requirement of 3 to 5 per sent of breens,

in srs~hsarth a geod deal of lead are volataliseq and the grey
vlag prndin.d centaine & udnild-r-bli amcuné of le¢ad and couséquen-
tl,‘-ult bo traated in a blast furnansca.

Altheugh 1+ has some advantiges liko ease of nonatruction and
eperation this method i not suitabls for our purposs for tha

follewing reascvne 1

i+« The recovery is lesa,
2+ There is» & high fuse productica and the foee most bes recovered
Af aperaticns ars 40 be profitable,
3« Tim slag nesds sobssquent trsstment in a bl-:t-turn;u-.
thus increasing the oosd of productian,
ks The tonnage that can be Ersated is amall,
S5« Forking on ah ore<hsnrth is laboricus and mnheslthful,

LEACHING AKD SMELTING

This method has besn projossd dy Profs Carle Rayward eof N.X.T.,
which gives promise of solving many of the difficulties of lead
hattory smelting.

The acrap is firat leached with a cold conoentrated scolutiom of
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Iﬂdlﬂl.llr‘hlltl| rilnrll;'plrflni}nmﬂy'111 the sulphur. The '
smalting precedures was alsc altered with the #bjéect ef '

{a) reducing the tamperature so that the speration tould hs oarried
on in stesl containars, {b) ulin;.- f£lax which will ﬁ?nurh nntiL
mony with 1itile or no lead; (o) reducing amtimony in the slag with
carban te & matal and at the sase tiss regenercvting tha slag for
FeuURs as tlu:; and {d) waking' the process eontinuous,

In apite of all Lhass advontages it has soms diff;ﬂ“ltill z
{1) The inwtsllation amd eparation af tha t;rnjn- on A& countere
current priucipls will bes mzch more expansive Af pot impossibkle

AR wur qountry.

»

(0) The demilphmrisstion of the charge by laaching before spaliing
introdunens further somplications in tha process,

113 Tise and cost of production Hill‘hi groater,

{4) pPicfisultion in aperation and availability of tha fluk,

wapevially fluerospar isa %e sncountersd.

BXYSREERATORY FURNACES: .

Some oparators use a staticnery rtv-rﬂ-rnturr fuaraace for treating
the bmttery plates or the by-producte, but £t is focund that €hie
type of Curnace ass handle only about O pate. of the, tonnage of

a blaytefurnsae, Ths filting reverbaratory tends to make the
épermtion comswkint mors flaxible and the donnage treated alightly
higher tham with the staticnery typs, but it too has a capasity
muth less Sham the blast furnayiee,

In revarberatory fornsaces 2 pregsdures ars pessible, Uns Aa %0
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_ wraili MEONt,y nnuh‘nl En.l. abd prodoce an antimonial
lend as ib blcat Turmase. The other {8 teo fuse ander oxidising
conditicns to produce a slag consleting mainly of leadeantimomate
and leaving the wstal &n tha form of scft leads This metal is
hatitle refined and east iuto ingots, The slag is szaited in a
blastefurnsce br reverbaratory fwmnsae undar raducing ecnditions
ts produce antimsonial lead. Yhis Turnsoe has th-"l'nll.m
ﬂfflmtlil!

$a éllt of construetiom iw high,

2« Ths labour cost in reverbaratory load amslting wounld alse be
higher than hl-nt*turunnl vparaticons and recovary is leaas,

3. Corntrel device f{a coatly,

4« Laas tonnage troated,

BLAST FURNACE$

Tha eptire batiory may bs scsltsd in a blast-furnacs, ax we
L}
would smelt an ore, thus rocovering the lead and antimony as am

alloy;, VWhile simple and direct, this method hss 35 disgdvantages}

1« A rather high temparature ia roquired to liguicfy properly alag
watts mixtures rasulting froxw the smslting of soch dmpure
materisles, which in tur; cause high losssa in fumss,

2+ The sulphur is ths ¢charge produces cunlldirnhli matte which
mot snly fs ;n low gratds as to make sale difficult but also

resulta in asrioas loases in lead and sntimony,

3. The antimonial lead so prodoved eannct ba uasd direetly for

the saking of mew plates without adding more antimony.
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Lowk Crow such smelting Will be lead, slag and flus=dust,
in the industry lead prnduétd from battery are callad scft lead
sven though 4t contains 2 to 5 pot, antimonys If it contains mers
than 7 pet, antimony if 48 called hard lead, *

In spite of the difficulties -qtinneﬁ above we may modify our ©

charge make uwp and operats the pkant with advantage as well =» p
profit, Tha follcowing are the advantages of using & blast furnaced

1. It has the ssse of construction. -

ﬂ; Cost of construetion le lessar and inatallation sasier.

3; Only thie protéss favours tha disintagration, though at & high
temperatars, of the silphates forsing a sajor part of the
chorge. )

4, Fermits the interaction bstwosn fﬁn Pbe and FbO, by wvirture
of tha prevailing cirocumstances.

5. Extrams carc is not nedded In ita oparation.

In smslting any typs of ore by any method, the sulphur sist be
largely remcovad and tho impurities wust be ccmbined in a slag,
fasiblie at as low a tomperature os possible and of coonsidarably
low apecific gravity. In order to ansure satisfactory ssparation
frow ths liguid matsl it should be very Cluid.

Woms of ths [recesses, excepting tha blast-furpnapes, give a
Cfinished slag »r wasfs product at oms oparation that can he diss-
sarded and final tresatment of their prodnot is usually dompleted
in the blast furnace, For all thess resascns, by far ths world's
ma jor part of leed « sither primary or sscondsry is producsed by

amelting 18 & blas furnase.
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By 1

All parts of tha furiacs aéad very careful deterwingticn,

with dus respact to the typs of rawv materiil ussd. An
lllprnpnrtiuy:d furnade will naver give ssaoth working. The
lines ;r the formace sust be so dasigned as to allow ithe smoaoth
desosnd of the etock, during which tims the watidrials are
Frﬁﬁrllll'-lf reated; reduasd xnd finally*meléed.

As the bdurden descands the shaft of the furnace, carban
dapositiion say ssnse hneiin'- Thin tendemcy te hang is over=
eoms by sutward hltt-r:I Lowesy down the shaft or satack, at
tewperatursx wvhere aarbehn daposition is less prons to octour,
the bLusMen basomes stitky causing wall drag, whioch nscessitates
outward bhatters By the time that the rev saterials have
reathsd the bosh, reduction should he compleste or nsarly
gcmpleate snd tho bourdan gradually becowss fluld metel &nd slag.
Thie results in a costraction in voluae and the regular descend

of ths bhurden in ths Losh demands inward batter towardas the
tﬂ,’m'i -

Unless inwnrd batter is previded to compenseto for the volume
reduction, the sinkage of the charge from stack to tho hearth
will be irrsgular, If tha inward Lettar is too great, resise
tanee o the dewaward flow of the charge will lead to irregular
oparation, If oo small, the matsrisls ars likaly te drop in

an irragular snnner,
This changs free sutwerd to Lloward batter freguantly requires
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& parailsl partion, the cylisder or barrel, wo that the oorrect

angles may be swtabiished. 'l'h'- walis of the orueibls are parsllel,
‘mo velnme change taking phnl'. tut the dissonions of the ernaihls sre
af considerable importance.

the . .
The furngce employed Tor/Rirposs is a siniature blast-furoass with a .

veory aimpls arrvangemsnt for flue—Sust recovery. 4 drep-bhetiom
arrangsmirt l.'llilll' to that 18 cupola 1o Insnilitate imtsrmittent working
and subsequent cleaning end rapairing of the furoace had been ueed.

A mmall door is provided at the leser part to prepars the boettom of the
tm-:u. No cooling of the refracieriea im done, sxeept that ihe cuter
saxfacs of the metallie shell in oxposed to the atmosphere,. ZThs charging
ie similar ns in the onue n.l.'. a capola commisting of witermate lnyers

of coke nnd metsllis charge ~ with sa initial layer of cekc which 1s

tha hed-~cale.

4 wind-belt, as ism 0aed in B copola, hos besn previded to svenly disirie
sute the air among all the four tugeres. The csld blast {s previded by
a motor driven blewer, which is sonnoeted to the vind hels by a sissl
pipey

The uhell ie mals np of 4 1/10" wirel-dhest. The voriical seaxs 1n sach
spctiopn are weldsd, but the emtirp haight is covered by § sepunis,

each resting npos amothers For eam of repair or raplacing the bridck
lining the sotire shell 1s aivided én twe parts, which nre’bolted together.
Tha £rtire furnace redsts Npon a'steel-ring supporied by feur slsel-pips
pillers. The pilimrs are held to the grewnd by comcreis Tenndatim.

In view of the fact that dhe fotal weight of the furnace together with
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charpe havs 4o _h sappertsd by the foundation smd apy sppredinble
sitking of the kase would resclt in eeriems ironbles, Shis pert of
the furnsce shonld be mads speeially strasg, -

1 very sasll plafferm is provided for mosth charging threugh the top
of ths furnage.

The furndse; vhen ospersied sapothly havo the follewing wall defined

m-ﬁ :

ciicThly Cx HRANTH:

It im the region whers ihe -.1“- seta)l is accmmlatsd prior is
tepping ond exisnds from the hottom 40 the twyerss, The defpth of
ihe hearid, will depend on the time {nterval sl whith ihe wetal

in desired to ba tapped. Thers nhuﬂ; e a slag hels juat baleow 'I.h;
tuyores and is kspi epan dwring the operation. The tapping time im
indicatad by the run owd of the mlags A slag hols vas previded,
yut becauss of the low guality of fire=bricks ths heardh up.uity
eould not bo fully sxpledted. This lefi to the wventusl closure eof
the slag hols by » piece of fire-brick:. Hersever thw sleg was not
fiuid snough te cawse offustive separation and te comm ot throagh

the gleg holw. -

On the hearth of tha furnace*the oaly sclid that ghould ba presest is
cokny thls will be in sasll pieces aftar traversing the sembustion
smey Tha ligqnide are antimomial lend, snd slag.



AT IO N . »

n L
-

As Wi hame l1£;lfl|l it 'is the regicns where the tuysres are
placed and the combustion of coks to C0, taked place. This CQ.
1a immediatsly convarted to CU by the wxcess of redshot ecke,
#0 that imwsdiataly ahove tha ftuysros we nre 1-;1 with CU and

N The combuslon xons -is the region in which lead ie 'nlltnliqdh

n.
in grestest guantity. A 1ittle will bs condensed in ths charge
abeve this kone, but the fntention e that the Siock gelowm
sliguld bs samily penstrated by gass The Dulk what is volatalised

will epcaps am foms.,

L ECHR

Abcve the conbustion szone, the sclids ars coke and unreduced
oxides and sulphatos. In this scna; het gasas gre rising to
hast the chargo,; and r-lﬁtlvulr ecrld metal ie running down
throngt: the charge, st cocling the hot gases, this oo0ling
compresscs the mensg. The loxer ths meléing point of ﬂ:- meial
and the mora esasily it ias reduced, the greater ia this effact,

Prom the point, tha charge materials start toc soften, the ccke
has to bear the whols waight.ocf the charga down to the heairth.
Thies ssns is practically glec the reducing mcoe, and is termed ae
the melting wone, due to tho fact that immediately after the
redustion is camplets, fusion of the mstal tekss place and it
falls down as drcpe of moelten metal at the botiom of the fwinaca,

ETACKE Oh C]

This is no separate etructurs in the menss that it ie only the
projection or slengation of the main shell constituting the
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cusbastion and the melting poneg. The function of this come is g

to wteck ‘the metal charge, coke ato, : .

The hot aspending gaw bests and dries the fresh solida, Depending om  —
the gne Yelority and plescrwess of the material p-l:l.ing " tartlin

aarcat of fine materis)l is driven ever -l.ih the h:l- ln'h the gas

oftiake . . - Wi

In this ;lur.-ﬂpﬂu of vhat geen on inside the formace, 1; is L-'.ir-ﬂ
that ges ¢an pams freely throngh tho charge, and cen roach all parts of
sach rooey this ideal stats of affalrs ean e broken down at ooes dy the
introdnction of fise wmaterial into the ¢harge. Carefuol charge pr.pui'i'.lui
therefore, is of vital imrft:le- to the succesaful running «f & blamt~-
furnacs; that is not to say that memey cennct be made by [esding any

jouk ioto the furmace, but that were money,.cun wah he Bads by first - u;\\

getiing thut juch into a suiteble physical shape. I

DEYING OF THE FURNACK:

Thers inm Do standard praciices of biowing in n blamt-foreacs, The 4
adthuds adepted lergely depssds oo focnl aenditions and eostoms The
prelixinary drying of the lining is most importoat. The careful and
thorcugh drying of the lining, preferably esorse by cotrss, ;mnnt be
over-enphasisefl, Soms timea this .‘ll done by waed and coke fires in the
bearth, sometimen by hot blast and blamiefurnaot gas.iny time and treuble
fakan in asenring careful apd gradual dryisg of the furnaes im wers than

repald in ite sulmequest cperatiope.

Thin is Jens in the follewing way, when the fumace hed been alr-dried,



@ seaffold of tisher was built josd above the tuysre lavel, The wpace
balow thio level vap £illed with kindiing wood and shavings matorated
with ail. These vere sduittsd to ile furmace through the bottom dosry =

which wam left cpen for tho purpose. . .

The tui-na_:fa was thep 1it, After mometims allight blast vha turned

a0, When they wore burmad to nh!:.u. the blewsr was turnod off. Again,
o0 another pecasion, the furnace was 1it as bofore, mnd ‘coke was then
cherprd to ralee the teaperature sousiiat hl..:,her'tl'mn balore, To
determine thoe tompersture, A cast~iron plrctffﬂi'sxi?iltteﬂ. it could he
eoneludod that the temperaturc was higher thap 1200°C, which im cmoogh
fapr the purpoows After excll ‘henting the blagi~furnces liniog im core-
folly cxamingd to sce whether any eracking hap teken pluace due to
improper fumion of the fire-ceament. 4ftey tie heating by woed fire -
me crocks vers found to dewelop and go patching was nel necsosary.

Aftar iLe heating by coks It was found ihat moms cracking has taken place,
expoclkally in thae combuction mone. The aracks were carefnlly pgiched

up by fire=cloy ccisnt ond mome time wam allowed for natural air drying.

Thus the drying hacmme complete and the furnsce wvns mady fer notpal

sawliting aporation,
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Chapter 5 °

CHARGE MAKE-UP



CHARGE MARE U -
-,

L ]

Befors begimning with (he setual sselting, we mist Find out
propar proparticns of each constitasnta which shoulgl be charged.
A knowledge of the ssparats cona¥ifuents, ragarding thetr phyaical
and -m.l; sspacts is therefore ssssntial, —

" .

Yhe inpot in a bDlest furnsce for ths smelting of batiery 5““
should conaist of =~

1e Lyad hearing maderials.

fl. Coke, acting boih as Cuel to supply the heat for smelting
and as the rndu:l.n!. agml (either as eolid oarbon oF gesscus
carboa wonoxide)

32 A soiiable flux or a socmbination of floxing agente for
removing the gengoe materisl, °

4. ALr for combdnetion resetions,.

ATERY il

Defors golng to paloulate ths shargs mska=up wa sust carsfully
find out the lscd containing matarials in the lead asid batterisas,
The battary cunsists of tha fellowing parisd vontalooers, ocsll
gonnsttore, positive snd nagative plotosy separstors and of
seurss tha -l.oct.rulrt-.-" )

GONTAIRERS s

Contaiming jears may ha opan and oclowed and ore sade of the
fellowing materiale: glass, bard-trubber compositions, sslluloid
and guawitse. "

501



Thse oot iitln!}vily aasd jars in loand-acid battery practies
are hard-rohhar type. C;llulald Jors are mpulded or buillt up.
Flastis calinloid, a miwtors sade up by t;-ntin; nitrated -—
cqlluloss snd gaw camphor i eibor say be prni.:d td Jjar form

it & mold,
. ) . . —
Qusmite is pr. parsd by a secrot processi it La probably based tipon

A ixture of asphaltus andl sot resincus wubstacd.

BASTERY FPLATES:

The most extensively ul?q matarinl in atorage battery plate
smarufacturs ia Innﬁ.r ?ﬂltlﬂ platan aro mada LY applying o tha
grid by hand or by machine a pasts nnnlliiln; of mainly leafoxides,
and dilyts sulphirie acid. Ths pasted pl;t-l are then dried

and thena formed electrachamically in a taok contalning dilute
salphoprie asdid, PFermation af pasted platosa produces omidation

of the lead oxide pasto #5 lead dioxide and its redoction to
spongy lead, Yhen ftruation is tomplotad, the plates ars taken
ot of the acid tanks, ringed in water and dried,

ﬂgﬁﬂl‘l‘ﬂ&ﬁ ]

Ths fondition of a asparater ia to preveni motallic ¢ontact of
adjoining plates ottnppnlltn polerity, but they lu;i posnenRs
malficiont pnrw-ltr~ta nllg; of good elactrolyts comfuctiom
between Dlates, Varicus materiale have basp osed to make theas
skparators. Huq’rl agsparaicis are made from parforated or slotted
hird-rubbeyr sheets, trestied wood vesner, iapregnated wood weesnery
yubber and ostton sowbinntions and Alane l; rod or spun form,
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Cell~cannectors.



The rtubber sopayators Are thih shestis of parforated or slotted
..h-rﬂ-ruhh-r end wary in thickness in -neufdanun with the

purposs of esll th-f ars used with, ths thicknass incrapsing

with lorger oslla:s Tha slotted rubber lipfrltnqp is more rocent

type than the perfarated ona; It has been introdoosd because

3% can,be givoen greater pnrqniii and yot have luﬁ;:;ntlnllr tha

#ame mschanical strength as the perforated typs, especislly Af

ribhed,;

Vood saparators ars made of thin wood sbesets threaded through two
or maro slitted woodsn rode oF dowsls which support ths vosoers
in tha nﬂ.l'rlu;: position Giektwean the plates, Veood ssparators

ars bow being 1lrl;17 replaced by sheocts of microporous plastic
threadfed through siitiad rods of polystijerons.

L4

CRLE CONNECTORS S .

Call sonnselors are those poarta saployed to connect ons cell of
a group to apother,. The simplest farm of cell ﬂnnnlntn;! ia
made from & dasting of anhtimonial lead alloys Lbad plated
oeppér gonnectors hava the advantage of grémter flexibility and
are uséed av inter—cell a¢nnsctors for most $raction batterfss.
Cemectors are dosignsd td Qi of low resistanoce -nq.ﬂ-pnhlu of
carrying a surrant in IIDIP?I equal to atout JSC, wherws C As the
nominal aspers houxr capatity, without any undus veltage drop oF

Hesting.
BLECTROLYTE:
A hWatiary when congptructed wust be £illod with dilute sulphuric
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lnl.dg‘ The anid smat ba nﬁl-:l.qnllr Fire. Ihs slsotrolyts naed
‘ in sommection with etarags battery is dependent upon the pm' of
-;ul..l waplaoyed, dilution varying with varidus types {1.800 to 1.300

spesific gravity),

]

Of all thesa the poaitive and negative platos and the cell
nnﬁ;ttarl ary the cnly lead hearing nunlt-itulnil':‘flﬂ we dharge
cily thess matorials into the furnace. 7This svolds working of
the trunble arsating ingradisnts of the bntttrr.' halps amcoth
runfiing of the furnage, iooresases ths capacity and rwtuces the
foe)l acat. Although thia inaurs an inorsascd laboio cosé, L€

fe more than repaid Wy smocoth working, bess fucl cost and less
pellution of the ll-“lpi!;"q

The belwvior of the individual ingredients combosing shs

copdesned battery platas wre as follows =

B OXIDE})

™his ovewrs An twe ferns = massisct and licCharge. L.lth'-.rgi isn
obtaimed on a commersisl scals by cupsling refined lead amd
dollesting the oxide as skimning sr fumes, The melting point of
litharge s B833%C. It is volatile in air balow 900%C. It is &
good gomduttor of elactrigity when wolteu.

Towsrds acid forwimg wateridlas Iithargo s a strong baany
~wgitiikly curroding them by forming leaad slilichiss. Kt is an
axneilent flux fur-in; fusible ccapounds with cuides that are
infusible nlone, suth ae Calyg0, and Al Ocs These based do
pot always sntar intc chsmical combinotions with Fo0, but are

Sod

&



simply held in fused sclutions by an excess of litharge.

Litharge readily glves uh its oxygsm. BSulphur, tesllariom, arsanino,
copper; mine and Jiron are wholly or partly omidised when maslted
with litharge, the oxides aithar being ?ﬂl&tlliqu or alagged by

the purplus of lithargse,

- » - -
] L]

Elduut;nn of PbO by carhon hegins et 400 to 500%C and i .
vigorous at ?DQ°C.' Reduction by carbon monoxidd begine at
1EDf¢ and by hydrogen at 255°C. Heated to bright redness with
lead sulphide, in the proportion of twa molscules of litharge
and one of sulphide, all the lead in both compounds is reduced

to metal and 502 is avol¥vaed,

Pbd + AP0 = 3Pb + 60_ + heat.

LEAD=-PEROXIDR 3 ’

-

This i3 a powerful oxidising agent detonating with phoapherous.
It is used in the manufacture of matohes and in storage*
batteries in whioh the latter is repeatedly desircyed and reformed

during the operations of discharging and charging.

LEAD-SULPHIDE

This cccurs in nature as galena and con be -ntlflcially preparad
by melting aulphur ond lead, PbS molts at 1120°C to e thin £lnid
which penetrates $he rire-bricks of the furnace. It vnlatalison

at temperaturaes helow its melting point.

. FhE + Fa a b + Fas,

JO3



In thi meslting, practine the Uecompoeing of lead sulphide is,
awver cowpleta. 1t is customery to tnlonlate the irom necassary

for the desaomposition of I'E in accordahos with the resction,

Mo + PhS = ¥ + Fab. . .

i 1h= iron .is addew, the roszlting aptte Femainy too rich in }
lend, while if an szcess is ‘lﬂppllﬁd At simply ;o--‘ into solaticn
in the Fbh5 = I‘-!*-;ttn In ;ddi.tl.nn to having the correct amcunt
of Aren pressnt to deccmposs PhS, it is ispoertant te have the

temperature a8 high a» possible withim resscnable limits,

LEAD=SCLPTIATE ¢ .

this cocwrsd in nators as angleasits and iz formed in rosdting

FbS apd in prescipitating lesd-salts with smlphuric sold. It is
o8 2f the mowé stable sulphatse of heavy wetals, resmining
usaltersd at m MFEIENE red-heat. At 800 to 1000%C At diasociates,
fudion alsp cocuring betwsen $50° ana 1000%,

Carbom and oarben sonoxide reduco leodesulphate to bS8 with the
formaticn, alse &f Fb and §0,. This docble reaction explains the
dimsppearance of & and &0, in the reducing fusion of laad blast=
farnace, -

REACTIGNG DETWEEN PbO, PbS and PLSO,:

Intimats mizxtnres of thess compounds rapct in aocordance with

the reactions -

Ful ¢ 3PHO = YPH + 505 .

bl » I"hﬁﬂh = 0Fb + ﬂinﬂ
506



*

Except for the fact that the gasecus prodoot 50, ia withdrawn
- fros the furnase as fast aa it is forssd, both thomo reactions -

wonld rederse and aquilibrius would result, If there is am
sxcans of FbS or FEU over that callad far by the squation the

ascess ramsins unsltsred, If there 1s an dxcoes of FHa0, pars
or. all of tha lead is cobtsined as 'O,

Fid + 3FbG = 3Fb + IO + Eﬂn *

. QP8 ¢ QPBO « 3PP + FBS + 8O,

PhS ﬂPhEﬂ‘ aPb + RibO + Sﬂﬁa

Phd « % Lyt LA AFNC & hsug

Fragquently the blust furnans process is regardcd os a simple
process, whars ar it is atctually full of complexity. The
complexity ls aggrevated ‘by thas tl;t that the actual conditions
within the furnsce ars sither upkpown or vary difficult to
doteraine. The blast formace procsas is dindesd composed ol

many dslicately bolunced rescticns many of whioch are intérdopsodent.

FURL:

Fuel in a bLlast furnace bhas & dunl rola. It is a heat yroducer

and a puducing agent, Thd fuels vhich aro nlplﬂrlﬂ_fnll irte

2 wlassas - Dptural fusl -n? preparad fubl. The paturml fusls =
antliracite and bituminous « ars of historic rather than scwnoalo

interast,

The praparsd fuwls are cokm and gharscal. Although coke is
practioanlly the universsl blas furnace fusl, charcoal is still

used at & few plants. At most plants; bowwevar, coke is szploysd
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‘a8 the fusl and the quality of the cole used has & fundamental

‘ affect on the operation and ¢utput of the furnase.

Far the suctsssicl operation of-a blast furneesy fdur charsciers
detica of fusls are of fundamental l-portlncigl

"= ' *

. € 5 ukrw or P ty ¢ "

A denss structure in the goks hinders the {ntimats sontaot
betwusnt ths carbon of the coke snd the vxygen of thes blast,
thareby ratarding rate of combustion. Ths rats at which
the voke is burnt and thirefore the caleritia offect par

anit of time, varkss withi

{a} the ares of the fusl exposed ta the blast.
(b} the affinity of the particular type of carbon for oxygefi.

{c) the temparature and prossurse of the blast.

It im tharefore obvicus that an open well~davelopad atruaturs
sxposing ih- saximie ares of garbon to tha blast, is dosired,
The physical stamdard by whith blast furnass coks is ganerally
messursd, basides h.rd;--- and rosistance i to abbrasion is

itn poromiily.

k. l!ﬁ;lﬁml !ﬂ lhns‘!lﬂnl -

A ooke that breals down easily into bress will) sdvorsely
effcek the opsratidn of a blast=furnpen:. The height of &
_ modern blast=furnacs is controlled very largely by the

« wtrength of coke availaklas,

-
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3. Desgtiviey or Cowbpatibiddtys '

’ * .

* The reagtivity or n;ﬂu-tl.huit,r of ¢oko may be dofinsd as the
rate of resaction hetwosn tia cuke and oxygan. Reactivity &s
not dirsctly related to the rate at whioh the -ir in suppliocd
fmd other faotors. The resotivity of a ccke, bhowever, does
llﬁl.‘l.l"ll:‘l‘-.lr alfact the lntn;lll.tr ot clnbuitlo'-n wvithin the

Inate, . .

hs. Pargtr:?

™o influnence of t(he ash gontent of ocka in blast-furnace
resttion dan be pppyeciated when it ls ronlized that 3 pots

agh requirea 2 pot. ccks for itw removale

ILIIIBH-] .

In additicn &= the ors and fusl flazes aFe Apn important part of
a bYlastefurnate burden., The purpase of auch fluxbsy sre to
cenrert the gengus of the ote and the ash of tha fuel into m

v fluid slag, Tho salscéion of the jroper flux er fluxés is
apawntial for -frlaluu; end esonevie sperantion of the process.
Tha better the flux the graatear is the removal of gangue par
unit weight of flux, This gived a good slng and lrunth rarming
af the furnsem, with a llifr 1sas of lead in the simg. The

most suitsble flumés in this case i Cal) amad Fal,

The four siag foroing constitusnts conberned are Fal, Cal, B0,
apd PhO. Of thass 1ime has the greatest tendancy to form alug
with BI.DH AWl PO the lsast, Fxcass lime "howsver wil]l have a
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tandyncy te combixio with ‘Fbo, Tha prasenco of Fe0 Ls nltdh‘l.
T 'u:'; the assumption that it will displace at least partially the PhO

thut may get sntangled in the slag and ronder it avellablas for
r,du.r.ti..un to metallic leads Finally the addition of Fal will)
fLorm a tarbary eddition and will resdoce considersbly the maliing
point of slags A eharge mnst therofora he aasd which will give
a rlu;d 2lag at fairly low 'tn-p-r.turn. it haoas h-lm faunfl

that thoae wlaza t;-u-.:l.lr sontaln 290 to 38, per tant ﬂlnn. oh to

4%, per cent FeQ, and 14 to 24 per oEnt m*lﬂ
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Cquter 6

CHARGE CALCULATIONS



ST-FURRACE wrrondt |
Tha smoath working of a hlasi=fnrmace is ﬂu mnch dependent om
, torrect bordopning, It may be remsrked that crlcniation of chargas is
not & regular ar routine part of furnace np-hunn:“ ¥han ths
ﬁmzn:n- is ronning regularly, sinor sdjustmenta of .charge ars oftan
made ui-piy on obpervntion., Fep sxample, Af it im fn:nnﬂ that the slag .
is becoming a ut.tiu toe huic‘ ihs forhace-man siaply Aocrenses a
1ittls the preaportion of niligln- ore or reduces the prpportion
of a basic flox, If it hecomes mecessary to chohge t0 a hew s,
whi¢h contnine, way more silica than ope previsusly csed, the flux
may wiwply be fecressed by am sstimoted amount, -In starting o riww
furgaee it may he possible to maks np the charge by aimply making
it sdolinr to one previcusly used, 1In some camepy howevery better
rvaulic might ba obtzinad by calcuiation tham by proctical *trial and

asrrer! mothod,

A chargs winiior to that nesd in bhattery-plate smeiting dlast= -
Turnaesas hps bwen nsed, Bosw caleuintions, hewitvar, ham besn ande
to sompars thems figures sod thoas chbtaired from the sxistiug fornace

]

operetion data,

Tke rer epeterials vasd have, the following dompositient

Satiery Pinkent
run‘ a 3 par ook
¥bo = 10 -
-] «a3. © *
Bl - 1.54 ®

Hoistors ' ;
stes, m T, 44 * : ‘



There 1a 50 matisfashory methsd of esleulsting the fusl regaired, It is
Movever dosireshls ¢ Mave soum pethsd of sstinating the sppreximate saks
osnsnapliem or sequivanssiy, which sam solmtguently be adjwmied. Hagh
Senired prenis of avgs raquires 20 Jhg, of sske for the redueticn

for the farmatien of the slage

DRMBINATISE & IS

» The wseand of flem mguired ta fope the alag deponda on the baxlwlily
of the alag preinesd,. Daulaity v the ratis{Cad + Fe0}/Si0, « Por v

puryoun 3 basigity of L8 {9 slepied, Thearefers the available hang I
the livestons will b 3 .

cn" a B8 por ;ank
Cab n 88 » 0
w 0.1 povw send.

isth is 1ime stes = B put.
This mitiplied by beanisity gived ithe Cob agquivelswt.

i'p“““l'l i =8 «



Therefors efficiency of like sbony = -EFG = 2.0

Bee 100 Ybx plate requires 20 lbe coke whistr will require the

follewing flux to deal wiih the sah conteni :

[

.Ei.ﬂn = M) x -mh‘l.'

molthplied by basfeity 1.0 « 2,08 . . .

lllllpﬂllntl-(ﬂlm!ﬂci

Therefore Ca® T™equired = 2.%0 w 0.4
m 2,10 -

2.16 x 2,2 = £75 1he/100 1b charge.
[ ]

Therefore lime/100 lbs charge E 5 lhu.

IroncGxides :

In practics dscomposition of Fhid is Dever complets in blast~furnsaes
oparations. It is costomery fo add F?‘ln accordance with the

roaction Fb5 « Fe = Fa5 + Pb. A PRS is rednced by Pb0, with the
formation of Fb and 0, 1t hes hewn arammed thet 20 pot, PhS is redused

by Fe and hence the ampopt.of FeyD, charged should be :

nmn‘+:sc-rbl+m+:u+sun

m‘+m-m4-n+m=-ma

In both the cases 2 x { 207 + 32 « 84) « G0 lba of nnlphatie pn-&u'uﬁ-
L ]

* 230 Abs of miphide, Of thia 80% js aseumed to be raduced hy Fe,



according to the resstian . .

. »
' FhS o Fa u b » Yol
" i

which means f30 1ba of ¥ul requires B8 Jba of Fe.

Tae charge containe 38 1be of sulphide which produues~BRRXY- X 18 1bs
of PpS, of which 3 lbe ia rvinesd by FeD. ﬁi- is rednosd by 0.7 lba Pe.

Puis 4 containsd in 0,7 X %—-—: » ru; 0

Tha charge ased was as fellowal

Buttery Flato = JOOlbw

Coke a J0 1k,

Lims = 4 1bm
[ ]

Yron Dxide « 2 lha

A typiocal blast-furnzce ehl.rpﬂ obtained from n plant saelting
battery platens consists of -l
Batiory Platea = 830 lba,
Coke = 70 Iba
Lime stane = 20 1ba
Iron ore(Fe,0.) = 10 lbe

Proas & Matte = 400 Iks

omp mlag = 130 1lbs
A higher coks charge hes bssnsnsed bwcauss it 18 of lower grade than
thaoe toed im westers comntries, No drvar sod catte were produced apd
hetted wore not charged im latiar cperations becauss of very negligible
gmonnt ef u;ppun Aa the amaunt of slag produced was vary ssall in ewownt,
% conald mot :harpi dher in.sach sohsequent operation. Nowever, all
the siag obtained fram anelier operations wero charged in the lant

aperation,
a4
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" THE SMELTING OPERATION



aar

T™he Chafging-4

T T -



LRARGING . . -

pistributioa of charge ln the fornmce s one of the mast important
fuctors In the pegoler workimg of € int-fmm. If the charge is
mod properly distritmted thess agess: contsining the ecarss ‘material
sffer lesa resietanee to the pansage of the blu'f which resoita ix
h.l;hn.r femperatore in thesw parts and a tendency for the chargn to
desgerid In an {rrognisr sanpers Thero are magy sutomotie and semi

antomatic devices for getting a smeoth distribution of the charge,

A ‘I"l:l"l mmali furnece whigh -ll'hd battary platss for -Hrll times only
vas n-nl l.'ml it was m-mnﬂ to fnatall any mschanised sywtem.

This waa dche manually, Tho rav materials were lozded inte buckets

at the buss af the furmses from ths saipc stock and then reissd up te
the charging platfarm.

The entirs charge for ofie dperation was divided fn seversl parts.

Affier the firat laysr of plates waa charged, proportional awount of
fluzes were charged, nn thet intimaty contact betwecn the charge antd
flux can be establishod, This was followed bY a layer of cokw. Care was

takan to ansure that the distribotion was uniform.

Thy oiher porip of the charge vare charged in the same way, layer by

laywrs .

PHYSICAL. APPEARANCE AFTER CHARCIRA:

dust after the cherging wsa complete, the hlvwer was turmed on. Foreing

#f nir in the imyere gowe of the furnace spewnded up tha rate eof c¢ambustion
A within mirmtes danse smoky fumes bagan to come ocut. Fhis kes & eosewhut
muifocating effact and odour -;lnlr dus fo the presancve of aulphuric acid
fotses. Small amounts of sapwratiirs which might have eoma along with the

cherge, brun in the fomuce asd contributes further to thim disagresable



wibur, m-um-.r Y for asarly 30 mijries. ummmu-l;u
M'm&ﬁmumm-l.tﬁﬂmmihm Tis in

h;ummn-uihhnm.dihhtuummm
¢s the farmatism of 80,0 Sems sncust of lead axite alse velstalises givieg

ries $» Um Waits appedvunas af the gan. .

Tollocheh flengn inglwiing the flanes of fire Lesams visibls when sasiher
* *Ealf b Dewr wvas phmeal. This cuatineesd thresghont the qpuretien,

Am..ll“ﬂ“ﬂmw“ﬁiwltmw- This
is dma to the sonlensxiion s¥ P00 Dwues ad that plage,

BLAST-FOMNME pEsCrToNgs'T

Tha alr for psbasiien of the solw satars the furnaes through twperes

. sitested Jasd showe 4o hearth. Yumdistely ide sir smd colie mmet, pewbasiien
tabes plade, vith e Zfopmatice of m diexids uitimaiely lsading B
thy Tornation of 00 fu 4he presence of sxeess sf rod hot ssbe.

A% e uq taspsratared prevailing fn the awbuation nent and in the besh
jesediately sheve this semty 1i4tls or ne ao, in lafi,ihe surbon Weing

" samverted 4o WOB 08, ixy 0D, formsd in fhis mene 1a inmedintely eonveried
i!hlﬂh'm-wlllﬂ-m'n‘ll;- salkny

TR— €+ Co, — Kb

is the oo sswnil tht shalt thers is @ inarcsmd tendengy for the
preduction of Chy¢ alnmm the gaosa are sw sissunteriag nore snd nere
wmreivesd exidos, sad ey e veleslty of She renation C oLy 0B is
dosTesaing, inr ie deqressing taspersinre,

A1 sheud BOOC the mene in Wolih Lisssiond in dimssefating, snd whare a
mh—-t-t-mum.mmmutrum,m



. ¢ -
formed, Thls téndenty for the yroduction of COyy lasranses am the gases
plnmththd,ﬂlhﬁp“ﬂﬂt‘lthuimﬂnmfm
et Gw wlossty of the resetiens
* ﬂiﬂﬂn-—;m.

i w0 redused that §4 fe coable 4o Alspese eff the CO) formesd by theme

i

reartlons.” '

This resction € + CO,— 0 4 & réreraibls Pensticn of dcanidersble
inpertance in $he biast+Twrsase and i$ ia affsoted by the followieg factara §

1n mﬂuﬁlmﬂmlbrﬁduluprﬁuumdfﬂ-hnm 14,080 less

2 5 4450 » 5830 PTU pavw 1h af Cy Thetwlors the raction is emdotierxie
mmw-nimdmu;mﬂ by & high tsapereture: In olbervards,
hhlﬂlt’dﬂllﬂiﬂﬂt%"ﬂﬂkﬁhﬂlummﬂm
falle, Comverssly, ibe wlocity of tha reestion DCQ —+ GO, ¢ Cy whieh Lo
_exsthovuls, iocrsascs &8 the devperaturs falle,

5. Inteesasd premscre fav any remscn favesrs $he production uf CO, owiag
ta the volume chanpge WAlsh iskta place dering thé esction.

3. Thit drection of thi reaction ia aleo effacted by the conasntration

of tha ruacting ewstitmintu. An fasrease fn G percentugs of 00, wAll

dend 45 mka the reastion procepd thus +
€ & CO,—™ BT,

The inarecss #f mﬂ Mgher oy in the furcace is pretably dus ¢o dissoeisiicn
of line=atdme and due ta redwetion of oxidew, Inspite of the gradunl imcrvess
nl'eu“dlnun uwthmuhnhlmrmﬂhlﬁqu'nm

l'm. thi chavaster of the gult gases will be ﬂpﬁl:ltllr reduting im

3



sature :n! the I'lﬂ.b c.n:m= will’ b more than 1.

L] a
* a

For. many years Lt wan punllr atevpiod t'lut I.h.l.- ratio stwt mot be allewsd
to fall wiev 3, iT sailstactory Hﬂﬂﬁif[ lhmiltlulll wore 10 b maintalned
in the furnace, 1t hesy h&w-r. baan I‘lﬂﬂl‘ll‘l’hﬂ.ll many plants that
furasces exn be wuscessfully sparated for long peticds vith & Co/to, ratic
of 1,38 er.evem lsews IN gmersd, the Rever raties are obtained vitk highar

« +Qlast preanmies, It is probabls ihat good reduction win be obtalimed’
tecange the m' formed is quickly pamoved fifva tha HII‘H.:II phaie by the
mere ripid flow of the asexndlug gasen. This wonld reduce tha eomveniraiion
ot EDE in the paarting sone.

-

Whea coapidering the reaptlong betwsen wsoending gases and descending
changes, the velsoity with vhish ibhs reactiaxts mcve wust be boree in sind,
The greal &{Iferenpe Lo ihe velocity af the two tolumn prevents syuilibriem

]

beicg #stabliakad. v

I4 hee bosn Fomid that PPow ecomonY's poiwt of view, it is importont thad
the OM/CO, ratie ia Kept 4 lov as poswible, consiebent will good refivcilss,
4 high ratio resulty in & highar pike Consoaptisd.

Tas nitrogen ip the gas in ;w;e'l.inu: Leactive, Altuowgh kydrogen iw &
strasg teducing agent, it sppesra to play littie or no part is dow reductica
proceds ia the blus furnscs. The porcentags #1 hydrogen im the guses Varies
with the aiffersnt seasme of the yeer, and the huwidity of the eimcaphers.

E OF AOLID RATERYALS: Y

s mincity of the Mﬁ; wleet of rev-msiarials is such sliorsr thah
that ©f thé ascepding columm of guea, Ay these mlidl dessend, iy are
gradually prebeated, gaepared aad’ ndud. a0 that oo rmaction (e lover

o4



part of Ow besh they sbould exist as reduced artimonial dead, partly
l‘in_id siag ard whi"‘l!h euke- ke rectioplly mwedhauged till i) Peudhan
the inyera lm.!hnthm:mtﬂuuihu.'m-m_umu
it da reduoed drips through the Cuyers soms to the hearth, fraw which At is
tapped an requived, o

At the tep®of tha foymase the msistore, aay cumbined nt-;- ard fomes of
*solgturio acld fe ewpelled, . . )

The Podactica of IMW by carten waoride sewssases st 380°C ad is ecoelarsted
am thy tesparature ipcresses oyto abowt 1000%C beyomd whioh point it falls
oft rapidly; The carbom of U cake begies to act reducingly &b abowt

$00"C s increrses aa thy toxpersters Pises. The lead thus liberatsd
trigklon down snd ebliechs o the hearthy, The reduciios of lsad cxide by

C0 sheuld b ascomplished in ths Bigher and svalsr parts of the fornace
whirs ihe ewben $iowids Poreed by th; reaction ja pat likely Lo be
deyempaand by hod diibells In stharuaids; this M-.etlu by cartes moboxlde
sheuld b esmplated bafsre ntvelebsat’ mone in Feashed,

m-.rmu:uﬂnn-mm'cﬂuﬂm-tmrw'c;
It vill ha feudd that the diredh redustion of the dxids is andcthormio and
is GwrreYere favmured by & Ligh t-m'l'.m. 1% fellows that direct
redostion taliz plage at tho heiter semes of fursacow.

mmmum-uummunnm‘uns.nutﬁ Termet)ion
alse of Pay snd 80« This deckls resciion explaing the dimpposrance of §
fland 90, i lead blami-formess. 4% 200°C 4o 2000%C, FLSO, dlmssciates.

r-ao‘. chargsld as & finx, has.a decwmponing effect bn PbA0.

fn the meighboubood uf § $DUC, the dissacistion of lims stase comancms

704



thaa '

Cae,——Gab o (0g.~ 813 KTV gev-2be oF Caby
This resstien Vi is sodeihernis, s asoelarated by & rising
mmuuﬂmu—,mmn-wpdm'm
Benating vith P30, seme Cuf is wulphatad. ‘-

o M0, +Ce0 aCald, ¢+ MW

o8 maise xt 1307C &5 a tals Pldid VAl peastiaten ke Flrecbridhe
of ths Curunss, It velatallsen o1 tempereiarus bylew 155 weliing
peizte In melting prastise desempesition of S i aever ssnpletls,
mmﬂum.mum‘mﬂumuum
falleving reastisms | .*

Mr.ﬂnﬂi.‘
Hlt“‘-ll.ioﬂ.

wththl-tliﬂlhmmtﬂlhﬂmmm
ferasin a8 sean &g 14 fs formed, baih themm Teusliena weuld Bwveres
and sgellikrims would sennli, '
Il”ﬂhﬂ“ﬂﬂﬂﬂﬂ!iﬁiuﬂdl.hﬁﬂuﬂﬂl
the exoess rewaing musliared, If there le an sxesms of P8R, pert ov all
of the land in obbaiwad as Fels R

Pl +» BP0 ¢ hant = Th o PO 4 BB,

WhE o EFV0 o host = 3 7% + PRD » B
M+m‘¢m-m4n¢m.
nt;m‘qhn-mom._
H.IIIIII“. ll'lllld-ll‘!'- sldns af {rem, Ii ia smstesery
s salenisis the assunt of iren msgesanry for tha dsgmpesitisn, IF lose



irea fa odivd the Femliing satte Pemsios toe rich $a lead aad if tee *
maeh {res is sdded it sinpiy gees buts 1he selution in Fol = Fh3 mattse,
It is sle® mssasary 44 maintain the tamperaters as high ll';-dhln

Yo be wood For 1oad sualiing alags should wmit ab 3150 - 200°C. Toy lew
selifng qlags waald it dnd trisele’ dova 1ate the srustule Metere the
Lendwonids in thow has had time I‘- be reduced; toe high melting slsge
vould izvalve increaned fs] sesmmptien, )

The prineipal rele of alags is ts vithirsw the fwpwriiies maiuly silisa.
llmﬂﬂnl-:nhlrdm-ﬂlu.mum-ﬂ-pnuh-m
mtts with diftielty, .

Isensaxids adiod 25 & Ghird ssupsasat reducen the apedifie gravidy of
1he slag and sahancoss the redugiise of lead by insressing ihe asbitily
«f Fad in the slag. ‘

In the figure en the sowl page an attompt has beon muile ¢ oumeri thens
reastismy In graphisal farm, Miwisg She somes Su vhish the various _
resstions feks plase. The asiual ssnliewr of limes of Jemarkatien hiiwsem
Ahe nemes will depend wn the Aype of distridution in the fursser. The
diatridwiion of the burden in ’l-l-fll'l'ﬂ affasts the gas veleaity, the
earben diexids smaimd and the tomparatars prevalling in the 4ifderastd
paris of tha furnase aad ihest fasters samtrel tunutl-;-uuq
Flage,
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* The maial Sewiint of Lba elag avd skimmings has nst been ivalwded 1n

this tigare.

ss b eall cmmmesisrs comtaimad .antimenial lesd in the sbialliy Tefm,

thay ware singly meited in o yrecinle,

Total weight of luge was 100 Iba frow vhish 135 Ibs of metal sould bo
S

sbbalngd as sasiings, 7The rest wre mon-mstallis feperities and dskiwend

oft,
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This §s ootnally very diffficult to arrive st & conelusicn regarding she
L ] » -
-effect of the Zluxipg notoricl on the effisiency of the blast=furnace

from there dntn. They are’ vory ipadequete, BHowaver, it can be said
. -
that R'ao-! hae to be gdded to give good owtpot. ThHis oxide 'll'll:ruﬂﬂl
. ' ' for
tho activity of FbO in the slag mskes it freghuberguent reduction.

FeO hra gol n groater affinity than PbO for milica to forn wmiiicates,
» . A

-

But thcro fe probably ‘some adverss offach on efliciency $f tho quantity
of Feft axccods the optionm mamount, Thoy, whem presont in lirger amoant
than that salled for by tho roaction Phl ¢ Fe = Fb + FeB, hv;" a

topdancy to form a FLA -~ Feb patte, thoreby reducing the sotput of lend,

Futuro inveatigationn way be diracted tée find out the effect of Fel

on the renning of & lend-blast [uruads,

- -
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Tapping of “the metal.:
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BIEPOSAL OF PECTUCTSY - - -

The antimmmisl lesd resulting fres the smiting speretiond collects fo
t5% benrth af the forpace and 1s tapped cub threugh ths tapebele, The
neitan metal §a 0ollectd Is o Latdle. The weial.as 1t ficws out Trow the
ﬁrn;ﬂi I-urauhnimmt:u;-ﬂa-uim. nu-;u{mmlnu
ehovid sa mntiscmy eniiert of 3.87 pot.) As 1t covls mom-metnllrd
fugurities and sawe oxids flunts s the ' mirface and o skimeed off with
s eonsideroble snomnt of snirninsd lead ard lend oxide. Tho lesd la thes
esat inte matailic molte ists mmall slsbs sad allowed to sclidify. The
watal produeed s this dase comtained 3447 pat aniimony. Lesd-antimosy
allsyn comateing 8 = 10 peb sntfwony are wmed for,storags buttery plates
aad u alniler smisrial is vawd T toy soldieres and crossewial cantings,
The waighty filling of ulleds for.ensl) srea sminiticas convists of
lagi-aniineny alley seiaining & « B pei amiiseny, 3o we see the mstal
mn-ﬂh;nltluu'mhm“-ﬂubruilun-u-ﬂ#tim-tu
many day te dxy zsams Bome morm per oemd of wlilweny exs sdSed and the
mnui:.lntl.luld an vhite wetaly; Zype motal éxn Alse ¥e muie by pr-upr
additisms of antineny and Yin,

Fire leaxdly Mairvdr; tuh ba pﬂund by blowing the mslten midal by oxypm
thon exidimibhg the mitisonys Thls is posaible Beenune antinnoy oxidiems
mere raplidly thsn lemd. g -

Wipipn - - i g

Mt it is cheapor te make suitable alley and ume i,

Slagt . .

*

This consists malaly of silicates of drom and Miw. 1t generally cmmes

01
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omd of*the plopehoke. me:mﬂnnﬂlmwﬂﬂrlﬂ_’-

Fould wod allew foll wee of ‘the heartks e fioved mut of 4he tip-hele

‘after the metal. Tha alag was rot wery fiuid and me vas feund $e esmialn

& Jarge mmowrt of wstraised load 1a Che form of mmall ballsl The slag

loss vas cezlderable, hawver, ssturl axslysia qf slag ia the labaratary

l'-nl;d that auly in- saomi of lesd vas pressnt in ‘the sesbived fors
v o, im the slngs K . 2

- & » - -
L ]

'lh_-hp af 4ll tha previems abarges wera shargal degethur wildh tha
platas in tbhe lant sharging. The slag of the lash —um'-puu—
weighed 130 Ibs and smre tresm sway. v

*
-

RER AN FILVR-DWNE

A osaxideralle ameunt of lead fume is predused whers the meial is heated
" hove red-hengy and 13 is asssmpeanied by e8ill mers velatils satimowy,

Mh-hhiuim,mh-lnﬂn-ml'mﬂ-mﬂﬂ-

eisjlay lasses In he -prevalaxd load umnu.-r sluilar satures

Troatmgat_of, Jap sid Fiye-Dyats

A seagidgreble smvumt of losi-fens Lo prefueed La spervatlons where Ao
metal la hoxted shore yodenoat: In Mlasi=fusrnssd swltiing, » large ancund
af lasd, (Appruninabaly 00 1be of flwn-tuad 1a predused in treaiing 1 tem
_ * \S
vettnry platan, which -i::l:‘:b—t 83 pat doad snd § put exbineny).

The' sarliest neibad for sellovting dust or fume wvas Lo enlarge the fluea
s form o faul shaahyr which ssmaed n lowering of gas welcaltise and thas
u%m-ﬁﬂmlulh-tih-h Tha dust shanbers wars ofiea

equipped with kapper hottems for remwval sf swttled mebarislas. The Ciner
partislias waire St presipitisted,; sad slthwugh sensidorshls gonrwe dust Is

-y



atill reoovercd from ssaller flae systems, mere ‘n‘ﬂnin methols have
hecome gommons ot n11 VR nthudl,. {p) Bag houm and (b} estrell’

»

pﬂuipitnm u- ml; practised in Jead sswliing.

The alm of the In"-ttpthnr haw b"n te ane the pu-ihuit; of recovoring
land from battery plltu.. Mersovsr the mﬂmtgm of, bﬂth the Irng-hluu
ol m}ull meocipitator are zémplex, Just to ihw that some lexd is
carried fvay by floe<dmat and that 1.1. can bi'r-tmerid.'m dust catehor

. vhich ts very siwpls i principle.was ussd. Thds however reduted the _
poliufica of the staesphers by the fumes. The sut-ceming gas and (lue-dust =
wal ;HII to pasa to a large chambey ihmnﬁ n pipe-. Bus t¥ the reductios
in velocity of tho gas and dus to the eooling effect of the ofrenlating
water the ntll-;‘ﬂl“' dust partiglos seitled down and was collected in 4 bag
suspendad at the mouth of l:l cponing at the bottom, whila the guses and
tha Llner particios passed on and emsaped to the otmoaphere,

"Ilu m- and watsr inlst are pinud ;n the spposite ends, so that gumes
pl.l;l.ng through gradoally come in cootast with Gli.'lll' water, This |
snsnrey batter coolimg: The shetch may be helpful to get,an ides of what
actual ly hagpeme. (Ses yage 804 ) . »

Gnly the iast operstion vas dons with the dust catcher. Wanrly & Ibas.
of particles was gollscted in the bag. A5 it 044 mot welt evem st 340°C
l:l walk sither MO or ﬁm‘. Byt soly a vary meall part of it disaclved
18 asmouiua acetate solutica, leading te the cenclusion that 1t wam

aslnly PO,

This proves that a comaidersbles ameunt of losd is vapsrised during (ke
oprtations and that *they can be recovared by suitdhle deviess.
L |

. * y po3
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COSY ANALYSIN OF A-PLANT FROBUCIRG 1.8 TOKS OF LEAD PER DAY .
[ ] " »

- . .
i+ Fursaos wnd Aocossoriss N ) . . -
12 ) Atesl whaet v . Paka 3000,00 * ,

%) fhauring of shests, shaping .
) Abd welding melnding-laboor - Taka 3000,00 -
.. c) Dusa plate inclwiing machining Taka 800,00 , o °
4) Poundatien sad Erectfon . Taka 1000,00 -
&) Aricks ) Taka 3780,00, -
. ) Taka 41,250.00
4, a} Ghatiisg pletiforn . t-:; 3000,00 ' .
b} Puiley srrangemsnt for
1ifting the charge 4o the e
) pluifern . ' Taka 1000.00
T Taks 4,000.00
3.  oDag-Boes sonstruetion ' ) Taks 18,000.00
4, 2 H],:'ll-ﬁtur ampled with oo
siectris hit;Iur - . Telta  6,000.00
G Electritisation ‘ Taka 5,000,00
* Taka 26,000,00
B. t. puilling (Irelnding services)
2000 sft. ) Taks 100,000.00
2. Bervics facilitiea ' Yaks m.nuu.m'
c. * Lant ' y )
) ’ Taks 106,000,00

* = L]
o‘ -

1,000 wft, :

o0t
'
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Superviston

Ba . Contingeocy
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: <TOTAL FIIED CAPITAL INVESTHENT

= Dweot Cemt + Ipdiwvect Caat

w Takn 265,450.00

HANUPACTURNNG COBY
As. Birscthproduction tonmt .

L
i+ lLaw-mgtorinls
a) Pattery, G0,000 Nom.
@ 1B per jisca § .

b} Coke, Z50 tons

@ Taka 20,000400 par 100 ¢enm

c) sLise-atops 30, tons
0 Taka 00¢:00 per LI'-MI
2} Irco—ore 20 tone
4 Toka 250,00 per tem

n) Carrying cosnt

& Takp 200,00 per ten

3 Operating lebomed

. Foreman 1

Labourwr @

a

. Toka :IB,OIF-.N
Taka O, 000,00 °

!.h ﬁ.m-m

Yeka?30,000.00

Paka Eb,000,00

Yaka 55,000,00

Taka B-'Mim

Taka 160,000.00

Teka PRO, 000,00

Taka &,000.00

Tdka 9,600.00

) Taks 10,000.00

" D03



% Directetupervisory asd , . .
',:.ﬂlllﬂtll li:hu:ur . .
4,  Maintemancs and repairs ) o
B, Mwer - * .
By Flxwd G'I'u.rlu _' S
TR f+ Depriciation - .

He 'l#ﬂl’- fLaxes

3. Inzurexes

Ce FPlant Overhesd
be Ganersl l:p;unn
. A Meinistrative lxprcu-n':_
Wapager §
Emginear F:I.
2. WPinsneing emd l.nhr-lt

3. Laharutery charyes
4, Metrihwoticon and salesy

TOTAL PROD CosT

i, Bilreet produstiion cosd

De l'l"ﬂd shakyss

C. Plabt Overhesd

B. Gomaral Expenses ¢

A S
[ ] ' . [ ] . _.
) + ‘.‘ .
.
Taks 5000,00
Taka $00G0.00
[ -
Taka 1000.00 .
[ ] L ] . - -
S Taka 12,000,00
Rl : Ih
Yaks 12,000.00 -
Taka @§,000,00
Taka 2,000,00
. * Takn ﬂ,mﬂ.ﬂ'ﬂ

ml “.mum

- Takn ﬂ‘m.m

Taka 12,080.00
Taks 0,000,00 e
'I'II'.I. “'Mlm

o

Taka B3,500,00

Taka1,017,800.00
Taks 30,000,00 %
Taka 12,000 .00

*lhl. B3 ;Eﬂﬂ.m

* Taka 1,103,100.00
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PRoFETADILIZY

‘ -

Thers ate savaral mathods of l;tpi‘nptig: the prefitability of a

propossd invemiesnt. .The profitability, in thie cass, im reported

fo'the simplest mythod w rade of swturn op ibvestment,

Salan.receipt Croha 400 tome-of Jead » 430 x OO0 x 2

L
= Teka 3,800,000.00

Thernfore; £0tal Qroms profit = 1,600,000.00 =. 1,103, 100,00

“Fotal invewtawot = Take 286,230.00°

».tokn 404,000,00

Taarefore, rate of Tetun o imvestswnt

,\_ _%-m = 180 par send.

The proapect of the miﬂl-ﬂt.il brightor vhen conmideraticn i tlkru'.

- * ]
of the fach that & yeara of tmlan, would be sliswwd by the Govermaent.,
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.~ the profitability stody of the Loventuent shows that the proapect of the _

propused 1nnltmt is vary lrrl;ht. l;nnr, zare shonl) h'ﬁhn n
euﬂn!h. from thé utiutn pﬂ.ltﬂ. i nptm pﬂliiﬂ ruuit- "
show thnt further’ -'ul'll ajong Shis .I.lnlr il worth dulﬂﬁ Nahimg & 'firn
deuigm n;-nrt‘ in strongly ue-uahd vhish -1-.11 gmnin-lur:r dotail -
\ o proposal, spesificatitne, operating mhndnl.. ptisg operation rll-l

\\ Inﬂlunn. . . .

f ' 1- lrL The impricap Nursau of Heial Statistics extimates that, the mtm of

5 l’ A secendary 1lgad in 1038 equaled HR.8 per tent ef ithe fctal prdu:tim of

; . mylined primary ised fron domestie amd ferwign svorces is the United Bhtn.‘
: E In the last normal year 1038, a $otal of 224,000 sbort tons of eecondary
Iond was rweoversd.

Yorld War 1T breught with At an ineresse 1o ihe amount of lead recovered
atd in 1043 o tatal of 344,243 toms {abort) of lased was prodooed, walusd
st §43,000,000,87 theas battery plates contolned 182,040 shert fons ™

of recovernble lend. v

The atove fadts and jnformations are very imspiring Yor further work en

this subjest. ESome wpecific suggestions can be wxde as follievs )

1. The effect of the fluauing wrterinle especially tron-oxide on the reRevery

muy be stodied. |
2, The tespersturs mey he incrvased $a make the slag fluid and see the
resnlts, ' 4
3. Effective flus-dust recovery lrltll moy be inntnlled. ' . ‘\

4. m furpaes pay b opwrotod nmtimuﬂﬂr for adlasxt soveral dq. 5

to ey tho affeck on rclnﬂrr. | \

Bs Ap lﬂ'lut,lu hipiuturl moasuring fdevice may be imetatled amdd atttl:l;l.l
. &

-y be sxds tn sntabligh the renctioms, j&

Y
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vp 190-163 .
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