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INTRODUCTION

IRIRFLY THE DEVELOPMENT OF THE COPFER PRODUCTION IN
PEOP1E'S REPUBLIC OF BULGARTA

1.

FNew industrial developmenta in the Sopprer smelting end refining in
~ Bulgarie, »
Introduction.~A brief acocouns of the development of copper produc-
tioa in Bulgaria,
The termdtory of she contemporsry People's Ropublic of Bulgaria has
been a source of non~ferrous metals since the ancisat times,That is
Wy there are plenty of evidences- even today resudue of Roman deys
might be found in the vioinity of Vratsecitaere could be found old
aines,cealled by the people"Ronsn galleries™.Facts for ome estractions
mnnmmommmtmtmm-ummaun states
as woll as ammpuuotanmmnwm
nmmubnMuormmmmrmmmmMu
of the third Bulgarian state contimued the Yielding of non-ferrous
ores but ‘am the seme insignificens Quemtities Just 1like before.Actually
mmummtomuutnhmvum after the sesond
world war whea Bulgaria was proclaimed as a pecple's repudlic., Pefore
the war maialy Shrough foreign capital were yielded some thoussnds $ons
of copper ore,
AS that time in Bulgaria existed two small metallurgical plants-the
one for she production of abous 2000 toms lead metal and the other for
sone hundreds Soms of copper metal,

The effective nessures for the development of the non-ferreus metallur-
ammmcmwﬂ-wamw.
Save the Pessidility %0 de Aiscovered non-Lomeus ore depesits en
awm.mmm»-mmm-mmuum-
ded,

Ia 1939 were yielded ealy some Shousend tSons of mom-ferrous ores,
mum*mmmm.lm“h1ml"m
{ 60 beyond 13 aillions Sons.This large growth wes sveilsble caly be-
B 0“.“*““““0“.““*“"“1‘“0.
“WM*fouﬁmmﬂmﬂ ‘




Years Copper ores lead-zinc ores

[ . -

weight in cggg:ﬁt weightin lead coutsut
thous % cony thous.tons in of

and tons .:._n thousesund thous. sirc in

ns ton thous.

tcas

193 & 0,4 24 2,9 2,6

1950 83 2,2 285 22,7 17,1
1956 470 5,6 167 61,0 48,8 g
1967 1126 1,0 3046 94,8 77,0 i

1965 4458 22,2 4462 100,1 79,6

The incressed neceesities ot he rapid developing Bulgerisn maschine
industry,elestricsl induntry,builiing industry, transport and other
braiches rose the problem cf consiructing matallurgical enterprises,
Por a period of about 10 yaers up tu 1955 were constructed and put
in cperation modern metallurgical eaniucrprises for processing of lead
zine and copper.For e inconceiveble short bistorical period the

prcduction of non-ferrous maitals in the peonie'rspublic of Bulgarie
increosed nony times,

Our country took one of the leading places concerning the produstion
of non~ferrous metels ner besi cf the porulation.In 1965 aceording
trie index Bulgaria wss the sixth .n production of zimne and second
in production of leed.According the production of copper owr co\mfm'ﬁ;'
43 osmongst tho first 10-15 producers,

8imuvlteneously with this rspid development of the aon=ferrous
metellurgy a lerge preduction and scientific-technical experiment
wsu sccuswlated.At the ssmo time wel) qualified tecbnical,economic..l
and scientific specialists wero croated.Ths Bulgsrisn specialists
covld nade some perfections in “he proossess and equipment of the
me::llurgy of non~ferrous metals including in the copper metallur-

T

The latter will bo the subject of thia report.Soms fully new-on




8 world side technologies were created,such as an electriu-
tic refining of copper by incressed density of the current,

People's republic of Bulgaria is rsasonably celled the
country of non-ferrous metallurgy,The experiment of the count
IY in meny aspeots can be an oxample for the rapid growth of
the non.ferrous astallusgenits the developing countries,

People's repudblic of Bulgaria at present has at its disposal
& respectively dsvelopad raw Baterial base for copper extrac~
tions.In the characteristics of this raw material buse the
two world tendencies from the last years for developing the
Tew materials for ocopper extraction find reflection.On the
one hend are exploitad low-grade dopoaitc-preuntiu porphyry
ores,out of which are produced ccmparatevly pure copper cone
ceatrates,snd on the other hand &re opened up rich ore deposits
whioh assure the productiom of high grade copper concentrates,
which contain often in greather concentration volusble non-
ferrous metals,
In Bulgaria sre worked porphyry ore mines,with comparativly
low grade metal content about 0, 4%, These ore can be dressed
sasily,but the yielded concentrates ,in spite of the facts of
- their purity hase mnot a high copper .content-about 16-17%. By
the underground method are produced ores with a copper comteat

very favorable one,bdut 8pplying modera methods of dressing and
netalurgical processing give a very good technical results
which assure effective copper production which can be seen
Irom the following ascounting data,
mmacmmmmrmtouutwom
in People’s Repudlic of Bulgeria,

I T




The data are r'or the purposse of orientations:

indices- years 1962 1963 1964 1965 1066
Copper in the ore 0,958 0,904 0,926 0,67 0,61

Extracting o con~
ceatrate 87,66 86,30 86,63 31,12 83,62

Bxtracting frcm

concentrate to

dlister copper 92,40 93,30 93,10 93,50 90,30
Collective extrac- ' |

ting from the ore ‘

to dlister copper 80,99 80,52 80,65 75,85 75,51

The above data are mean for the two metsllurgical enterprises,
The one of them is with an old equipment and processes row
raterialy with a complex compositicn,chiefly polymetalic,con~-
taining leed,zinc and copper because of which the extracting
of copper is comparatively low,The secord enterprise =the cop~
per extracting work "GeDanianov' -about which is spoken from
now on is with a new and original technology,which guarantee
high indeces of processing the raw material in spite of the
fact that the content of the raw material is not very sdvan~
Sageous,

Chapter 1.A general scheme of the copper production inm People’:
Republic of Bulgaria.

In the old mine moteallurgicsl plant “G,Dimitrov" are processel
restricted quantities of low grade,unpure and complex comeeatra
ted.Hore in 1952 were produced the first quantities of dlister

copper in Bulgaria and so far/until now/ the plant is producing
only dblister copper, '

The basic part of the copper raw materials are processed in .
the copper extracting works which was put inm operstiom ia 1959,
Later on it was enlarged ond the new capacity started working
in 1966=67,The plant is projected and built acoording a modera




and original technological scheme with o full ocycle of she
copper production,The scheme assures & high grade of extras-
tions of the basio component in the raw material - the copper
and as well the extracting of some of the concomitant compo-
neats such as sulphur/just like s"lphuric scid,selentum, tellu-
rium,precious metals and ovhers.Lut of the exhausted electrolyte
snd secondery raw materials &8 ocopper vitrids is produced.
Generslly the scheme is conslsting out of seven basic technologi.-
cal operations,which are performed according the following
successions

‘ePreparing the charge out of concentrate and quarts fluxes,
2.Drying of the charge

3eRoasting in she fluidized bed roaster

4efmelting of the rosst produst in the electro-smelting furnase,
JeConverting of the copper matte,

€.Fire refining of the blister copper and sncdes casting
7+Electrolitical Tefining of the copper anodes,

In the scheme is imoluded the entire metallurgicel sycle,
supplementary operations as production of sulfuric acid from

the gases of she fluidised bed rossters and she coaverters,
processing of she electrolytiec mud and extracting the precious
Betals and the dispersion elements,

The furnace charge is prepared in bunkers and has as & goal

the fine homoseneity of the different concentrates with the Quarts
fluxes,by which S0 e prepared a charge which will give mimimel
Quaatisy of slog by the sneltiag,

The drying of the materisl is done in order the moisture to be
withia 5-68

The fluidize rossting is an iateasive sad high produssive prosess
wm«nmxwpmorummamnum sonocentrates
is oxidysed to sulfur dioxide for sulpburic acid production,
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In the roasted materisls remains emough sulphur needed for the for-
The smelting of the rosted msteriesls is socomplished in a sixslectro-
dic electro-smelting furnace by which is produced amtte with a cop-
per comtent of 30-35%.The description of this modern method is given
in detail further bellow.
The convertiag is accomplished in 4G tons bordzontal convertorse
clessical type.The fire refining and casting the anodes is dome
according the clessical scheme and the snodes casting is fully me-
chanised and made antomatic,

The copper ancdes are re ined electrolical by high density of
She currens by which the techmological conditions is a Bulgarian
original pateant,

The mansgement of the productioa is based on the departement
structure,

Nanager
economiced director

Chief hood eagineer capital investments planning
lsbour reseurces smd production Ranegeaent
saleries B3 Yi%ying sector

@etaliurgicalshop
atendars dry section

refinery flui bed roaster
technical-econonical comvertors
comsel sulphuric acid fire refiniag
others Quality control

lasdoratory

It 45 olear that the production is comcentrate in three basie
vaits-metallurgical,electrolitic refiaing/with processing of she
electrolyte mud end copper vitriol/ end sulphuric acdd,Atteched
$0 the produstioa is also the quality ead technical coatrol with

he eentral lsdoratory,This orgenising structure gives possibilicy
for operative mansgement and control o

ChiRter ¢ ~ Preparing the copper raw materials for metallurgical
presessing.

he preparing of the rew materials for Mtallurgical processing
omhu‘on&;uwtetmchur.iﬂmﬂrmm :
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The meking cut of tie charge ig parformed hy zesns of grabding
crane in the dunkere.Becsuse of the diffecent types of concentrates -
which are processed a part of “he bunksre are used the concentra~
tes and the quart:z fiuxes stocking er# the other pert for the
preparing of ths chauge.,

The composing of the cherge is mude atter saurlicg the different
comcentrates with tiue belpe of a well orgeanized pisnt chemisal
laboratory,where express us /eli as control metheds of smalyses
are applied.The chifirge of the different concentrates is mixed

Up only with quarts sand.Alkei:i fluxes are not given vecause the
content of the ccocentrate pereit 1t,The firat project provided
the adding and alcalic fluxes but efter the ovperacion began the
practiceprovided that it is not necezsary.This is & fact which
undoutely shows that tke original Project concerning the componente
of the oharge slways must be examinated in praciice in order sipe
Plifying their composition,

The prepared charge is dried up %o & condition convinient %o
be rossted in the fluidized bed Toaster namely/5-6%/ Thie per-
centage of moisture wes selected also us 4 result of oxperimental
studies,The moisturs content of the charge has a peculiar meening
for the fluicized roasting,for it is ome of the factor,for ang
a8y transport of ihe charge to the roasting furnaces and a regu-
lator of the tempersture require of the rcusting process,
Original is was provided for drying vwith steam heaters in a
sultibearth furnace.The produstion of - the satter was incificiens
and after some coastructive celculations snd experimental inves-
Sigations wes constructed & drur drier with a mazut heating,
™e nixing of the waterials s dcne by freely hung chains leagth~
vise of the drua,
™e comstruction of the drier is doane by Bulgarisn specislists
and are mearly fully made sutomatic,The dried up charge by belt
CCRVeFer wransported per screening snd the fine fraction enters
e bumkers of the fluidised bed roaster and the fraction over
10 am in the bunkers for cold supplenments,




T™he rossting is performed in fiuidized bed rousters with s
£loor surface 20 m> and hight of the shoft 7 m.The construction
of the tuyeres for the blosting of the air for forming a fluidiged
bed vwas several times improves,The present construction sllows
the changing of th~» bed hight in fixed limi%s,.The temperature

of the prozese is regulated Ly a systém c¢f w~ater cooling,But

the besic regulation .s done by tue regulating of the entering .
quantity of meterial,The zasas from the Ziuidized bed rousting
contain asbout 10125 sulphur dioxide,They are gubjected to ciude
prerification from the dust/aveut 40-iwie frow the charge/ in
cyolones and these to fine purificaticn siactvrofilter,By the
westing there is the possibility to be achievec e defined degree of
desulphurisstion in order to be prcduced arter the smelting
matte with a designe compos.tion.The westing process in fluidized
" bed roaster is continious and very intensive,lInvestigations

of some authors pointed out that ths oxidizing of purites and
copper sulfides go for s post of a minute,The process is made
fully automatic and is violeatly exothermicel and the by hest
oen be utilised,

The Bulgariaa specialists consiaer the industrial mastering of
the roasting of copper concentrates in fluidized bed roastes as

& particular sucsees becsuse it could be rightily seid that this
mastering wes done for a first time in the world ia Bulgaria,
This success is emphasired from the fact that the Bulgearian
copper concentrates are chalcopyrite-pyrite oype which velocity
of oxidizing is the highest in cornarison vith ail cther copper
concentrates and the mastering c¢ the p:ocess in iadustrial
comditiom and its running require & serious engencering and
technological ability.The applying of this method assures a

high produstivity smaller capital investment and labour because
the fluidised ded roasters can bLe fully sutomatized and the small
aumber of the stuff is there only to watch the control indices

of the epparatus aund mot to perform say physical work,
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The latcer car ocevr ordr Y Quasging i Al g are PR NONENen,
W dare tc¢ racommend operly this method t¢ all develoring countries
whish are goiag to orzenise prromectes vrzisal copper industry,
Chapler Tl

The smelting of the copper =&y wrt.rimls AL sR electro fuinace,
The snsltizg of Sir copper row-mstericls rsinly copper ecncentrate
noasted products Yror the Tluldized ted vrosters 4in Bulgaria is
dome in the capner wirks" I, Dedieasy® -eid it 43 oze of the ploneers
ia mastericg o7 such & proceas oi. w Juczs scale,Phe productioa

ags beaun Irca the beginairg of 1909y vinen an elsctro-sueliting
Swenuco with three alecirodes wap rat inko operation.T; hes a
ceding or 4000 LTA end wes projecied iy "liniproged”-Svrediovak,

n 15€0 wus movaved 3G pui into operation a saccod sinller
Marrage aud the cacacity of the plant vae rirsady over 15000 tons
ot Dlisver ccprer,

Trrdi g 1956 48 put in runuing a new enlargement. of the plent for
<5000 tons blister copper with s six slectrodes slectro-smelting
ftammece which has a reting of 24000 KVi,rrojected Wy Ginmprome
zvetmet Koskow.he elacirc-smeltirg is a YHasic vechnological
srocese in tLha copper produciise fu oy country,hecause of some
srreifiie pmestliurition sad on the besks of the technic-economical
accouste.

W the oracess of masvecing mauy zteps for perfecion of the
somgtovetion,dust setchars,the evston of charging acd the techme-
logical pascmutesr wvere .ade.At t4e seme time neientific investigat
tica wozk wes done four perfection of the technulogy.

5 & result of all thess measures at present tas industrial
~leotrosmalting of copper raw maveriasls in the plant goes
snoothly and the technic economicel iidecis are good,

The electro-snelting furnace Cross-ssctions are rectaugular
and the dirensions of the both areilergth 22100 sm,width 6000ma,
hignt of the work spase 4200mm,surfece of tke floor 132.6 sl
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Lt 13 £ixX d uver & ferroconcrséte iounuwtian waich constenction
allowe n free circulation of the air,The fuwnarce irsldo is limed
with clirome wagnesi 2 bricks &t & hight of 2500 ma aad the thickme
of the trensveruely walks if 920 mr,the laagitudéval ~-805mm

3ad the Llcor 450 mm.'he »ico ar: thie Tasy 9f vthe walls are

2rom fireclay Jricis. The nette 1+ Aiscaecged perisdicelly through
3 cpanipgs riviuted om the (sont clde Hf Ths Jurnece at a hight
of 500 ma.The 5108 is dis3cliangaG Jueugh 2 cpenniage ciluated

st the opposite side at a higut «f MMQOua, Turough weter coeled ooy
Ly 82809, Ths Turnase appioys 5 ruderherg eiectrodus snd have a
azcter 1900 mr, e space awomg her e 30X ar.ite cherging

Ith an esectrode Taserial g ac (mpl.shed Ly 2 tous elecsro-
rranes,On the such ~f tie Jurnece ars sitvatec € opunaing for

uhe elengrndes,b apapuing: for Glo geses and 12 opennings for

e materie) caarginge,The couverter slap s rouwced Chrough
ODPOLLILE, 31Lunted LR tan upper pact of cas {runt toenaversely
well.bome of the primciral techmical date are gilven in table M\

% Lers ReASLE inceces or 1969 sremenk
1 reted/power agpscaty

of Lhe uwcnophasic

trensfornar 2 in

surber
& fixed KVA 400G
active KVA 15500
~e Adegres forn gsusian
Teguiation numbers 23 froa 190 %o
: 360 V
2, active temaion volte 40
..specific power EVA M€ 110

3¢ Dnuepness of ths
auelted materisl
a natte 000 $00--800
slag




1.

€ Despness of the electrade
diving o 300-400

7¢ Number of cyclones
. with @ 800 mnm numte v . &
8 Number of tue 1 2oRpc-ted
equipment for tre Chaxglns
saterial . nweder £,

ia the 1lijuid buth the currant nnecemds asmdnly from an slectrode
to sa electroce tiiough the 1oy valch s vith o low conductivity,
The res sleg srtlusily is not g -~ urcer, By conducting o the
current the bigcgest vesistmn.: . g the coniLact eisstrode-~
slag,which sssures the Jvarisating of che 8.ag &t that epot

up %0 160C° C,That's why there ‘s & movement of the slag upward
the surfece of the electrode ard tiom thsre towerd the walls of
tae furnace which sssures intensiver £ue.ting of the charge,
Besic im the physico-chemical procers by tie elector smelting

is the imteraction of the nommon sulfides with the oxides of
iX30eThe prucess of slag formimg and decompoeing of the megnetite
8068 om by high temperati.re acsording L« known reactioa,

3 F03 Oy ¢ ;:"‘OS + 55‘;102 = 5/2?-:(.’->,5:.02/ + .‘302

The imvestizations show that tae megnetite im the furnsce does
not decompose fully,'lhe exaazplary belancs for the distrivutiom
of the megnetite for the period of 1037 VI1.1968 is givea

in sable 2 -
Tapje %2
" Maserials sad products Quentivy
’ SSEER NS0, EM8T0, ddstribee
3 3™ ting 8
1-..;..1;~ - - wnan @S v A AT W SO W e B a8 - T
* Chezging nateriw). 10688  12,9¢  1389,00 52,22

2.Colaverter slag " kO3 2,66 997,72 34,66
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3. Cold charge 124G 7,66 92,04 3,53
&4,Circulating materiuls _ _
7G4 22,21 45,08 ©,59
total 17092 2655 ,02 ACOCG
I1,0utday
1. Matte ociy  ig,0f B47,19 Y 94
2.8leg 0G40 7,2 797,28 30,09
3eDust 249,90 g,99 Jeci8 Dyt
4,ReQuction in the
furnace 1006, 57
Total 16986, 9C: 2655,02 105,60

For decreasing the coaSent of the maguetite is uecessary
suficient quantity of suiphur grd quertz iu the charge and
also reduction gear.At 3uch could he added s nsgnetic frectiom
of cliaker from the processing of zink mud ap< about 5% from
4% from the charge has aecreasea the content of copper in the
sleg with sbout 0,5 and at the same time ras assured effective
extrecting cf the useful componsnts from the clinker,

e established practicc for the elecirolytic smelting is
the folowimg: the hit wasted material comming cut frow the
bunkers after the 'luldized hed wasterc ia givan Ly mesns of

board drums ia two 38 m in lenght chain comveyors type -"Loie®
one which is reserve,.The qusautity of ihe wested material
varies from 20 up to 5C tous/hour deperding trom the regime
ead the number of the runaing roasting furnsces.From the cheia
comweyors M ¥ 1 end 2 the roasted materials is given im a
aystem of chain conveyors situated twc by tvo along the both
long sides of the slectro smelting furnace,In this comveyor
sdditionally aure given the dust from the dry electro filter im
quamsity of ebout 2.3% from the roestec muterial,There existe
the possidbility through tle chai:n cooveyor aiso & raw drived
material and other finé materials in cclu te be aided,




- 13 -

The circulating materials just like crusts and dust from the
comverters etc about 5-8% from the charge are added in the
furnace by a Belt coaveyoxr through two vpeninge,.The moisture

of these materials must not be Bore thua 5-6%.The distributing

of the charge in the furmace is performed bty 10 openings according
e definite programme by distance compending from the furcace desk,
It 1s reccomended the process to gy on by a ccversd bath, The
eleotric current is controlled by the indeces of the empernmeter
and is regulated by the operator thrcugh changing the state

of the electrodes by the help of elsctricai 1ifting crune,There is
& possibility for en automatic naintenarce
The breaking off of the slectrcdes is rare and mainly sfter stop-
ping of the turnace,The slog is let cut periodically in 35 tons
slag wagons,A project .s worked out and soom will be resliged
for coatinwously letting out of the
The temperature of the slag is coatrolled by an optical pyrometer
acd visually,Rach qQUanRtity of the sleg is agaayeu and the content
of Cu end .1-102 are determined ahaligically, The opeanings are

bua through oxygea,The shutting off with clay stoppers is me-
chanised,™e furnace gases are ciude purified in cyclones,alter
which through exhaust blower by velocity ges pire -# 1220 e,
they enter ia wwo dry electrofilter after wiioh ere either sfowm
away throuwgh the chimmey or are used for the productiom of sul-
phurie acid,The smelting sectioa has 11 attendants per shife

The 2esults of she elestro-smelting aad the basig techais-eco-
nomiecal imdeces are @iven in table W )

of the eleotrie curreat

slag fcollowed by granulatioa,

Index Beasure Noan data for 1569 end the firs
. 6 noaths of 1970
1.Change eempositica

o reasted maderial % 87,00
b.row charge 4,50
Ssclinker y 6, .50
d.circulaving saderials % e 5C

e. convester s
/ltmﬁol:ucwso/i 29,00




- u -
2.0ompositioa of the
L wasted naterisl
i copper % 16,20
sulphur # 19,00
: iroa % 37,00
n 3. The coaverser slsg
' composition
aopper y 2,00
o 8102 % 23,50
4.Bmelting products
/48 % out of the solid
charge/
saste pJ 45
sleg % 8, ?
5. Xatvte compesitioa
copper % »
sulphwe % ]
isen % 3
Go8lag sompositien
sopper % 0,46
840, y 39
) ) 45
Cadliy© % 8
: M, 6
?.Produst tempereture
: a.Natte «* 1120
": Noleg o® 1120
SeToasted matorial . 450
deo@ants after the
furasse " €50




8¢  Gast velume a A 30000
$o 80, cntent 1a e
o . % 2,2
100 Sust 1a We gas after

e spelenss oA 10,0
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She.process is sppliacadle both for smell capacity ef 8-10 .
thousend . tons copper end for big capecity =100 thousand Sons
por yoom,The ssme cean be applied both for low grade eepper :
senoentretes mud for high grede comcentrates,The process csa %o
fully mechenised snd sutematised and gives the possidility few
Whe fully extrastion of the wsefl cemponsnts from the charge.
By eb eacugh lew price of the ¢l power and good orgeaised Sechae-
logy this methed is cempetitive with all classical ead nedern
sotheds,

Frem the olestro furmace +he liquid matte by meens of 3.5 »°

dushots is poured out Ler processinsg in blisser ocopper in )
cenventen/eash 40 tems//the ome is reserve/.The proeess is e
elansisel eme,The quentity of air is soatrolled and registered
wnd 48 20-24000 & 2°/h snd 1%8 pressure is abous ¢,9-1,2 evm,
~w¢ﬁomhhnudm.m”nwc¢.~ |
emelting ia sbeut 37-40 tems,.The duretion of the operetien is ahbet
16=18 hours.Ths dimsasiom of She comverter is 6100/3650 mm,
I¢ Bes 32 tugeres with a diamever 41 mn,The geses are lead amey
through & water sooling system which ccnsiss of 27 soolens.The

censumptieon of veser for ceeling thegas is abous 140 o7/ N

108 Sempersture by the eatrance of the gas Bust aet be over
o5% ¢, Der the adding of quarts flwmes and the oeld meteriels
these ame specisl bunkers.The conswmption of the quarts flumes
with o pusity of 508 810, 1is shous 500 kg/% blisver ceppesr
end the censwmptien of od» s 8000 a 7/%.The yielded Blister
oagpe® hes & purity of 98,7-98,38.The gos Ms & oentent of
I8 80, nd ust -4 gu/m &7 and 900es Swesscive Wrengh
Gunt pocsipitetien chanber,d eyclienss with a disnster 1900
and oenudber olestuelfilten-6 3ieces.After which 45 weed feo
%he poctustien of sulphmrie 0oid,The liquid blister eeppee
wmbens the medive fusneoe for ¢ fire JoLiniNg,
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Ia the metallungicsl depertment of e "G, Dinitriv. Vesks” ot
Eliseina sseerding the asheme: pressing into. briquetves, smelting
in shaft Blass. furasce axe processed sexe low grade sopper rew
naterials end copper servis,
Beceuse of the high cantent of lesd in some of the rew meberisls
is werked ou$ a %echuology Zor th.ir. dirues snel .ing in ecomverter
recording the methed of pyreselection.™e materials whieh ese
given direstly ia the oomverter have the follewing ecmpesitiens:

] Osupencate Cu o 8 2a M & As
$ 5 5 58 ) J

_""-—.—-Mm

1. l4quid matbe 20-32 36-40 20-23 a0 3-6. 1,5 2,5

Ly content of eepper in the liquid matve 25-32F the. cemvelatien
ctmumumummmmum.nm
8103 - Who degues of driving amef the lead in the begimaing of the
mn-umum,amumu-m'm,,
amm.moumwuo,umounm-mwm
be mose them 198,.An imporsens coaditiea for a normal pyrosslectica
is $he obtalaing of whe "white matte"/Fo wnder 3/ The tusadag
of the load in Whe ges stege is.about 80-89%.Abeut. 108 of the
lead goes in the semverter slag,shich centains 3-3.88 Oa and
2,4-2,7% M, . o
m-m.-mmusmz;anmum.cu
SOuVOrten gas goes en in velesily dusters,where a lood sud 88
obtained with & oentent of load sheut GON.AfUcswands.the oeavestes
Gases ane 00411004 for natwen Moulphite predustien, -
Tor faproviag Whe guality of the yielded blister oqpper & Sochnele
& is weslied owb fer olinineting the aswenis end entinmeay fven
ith““dmmuwﬁmmdoo-
veru.h.-u..ct.md“.-lh.culm&m
COPPIR Just 90 /, O, I8y, The chbeincd Bilster cepper hes & purly
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over 98,95 and the contens of savimoxy sad erseaic is redused
frem 0,6 <0, %0 0,08-0,12%,which fasilitates the furtherer
Mﬂmmmﬁoldmuoathodunﬁnu -
quality .The ecoaswsption of lime is sbout 50 kg/% end of calelmed
soda sbout 20kg/%. '

Chepber IV,Utilising of che sulphur out of thu uopper rew
asberials,

The wtilising of the sulphur from the copper comcentrates is an
importunt fa tor for the complex use aad imfiuences the effeotiv-
ness of the copper exuracting.Ila the "G.Daminnov" copper work"
18 Built & departmens for sufphur so0id productica with & okpe~
eity of sleus 200 thousasd toms,which gives the . possibilivy of
high whilisatien of 80, frea the imdustrial gas,The dust-fume
ga8 Systen asaures the prorificatica of the gas emd sends 1%
iave the depertmeat for sulphurie soid produstica.As presest
few the predustion of sulphacid the gss from the wasting fuw-
20008 ore woed in quanbity ef sbous 35 thousnad » /b with
& oontent of 80, sbous 11%,the gas from the comversers abows.
75 showsaed 2 »°/h with 2-G% 80, snd the gan.from the elestro-
fusmsse shows 10 thousnad » x°/h with 2% 80, Becsuse of ¥he
incemstens charaster of the cemverter gas there are some

diffi0ulties for the sulphuric asid produotion-expesially
fow the eptimum regime aad ind~ces,

She zeasting ges & Ser Wwo stage orude purifisatios ia
cyslens with FJOO0 3a end § 700 = by mesns of exsust Dleyeps are

given in four dxy clestro-filters type 00-A-16/the omé 1ia Feserw
She Sempeveture of the gases by eatrence is 320-3500.0,em &
We dust 15-13 gr/a n ). The dust by cusles by norwel wesk of
Whe filtere 18 0,1-0,2 gr/an’,The vasouum is.very small 1-3 =
veter oolumn,.The wosk of the Lilters iz 2ot very good.Their
rooensteustien is plammed for the mer future end & thixd eme
willbe Wilt.She canverter geses sre purified in 6.pieces wes
souulber olocstwofilteze with a filber cepasity of 10 thewsand
2’ ,end Wy outles 0,2-0,3 E2/an,Mhe cbbained mud cenbeins




abous 408 Fb.In order the muum-umuuuw
uuchud-ummnnue-etmmumum.
mwmmtutmmmmuﬂocmmm.
mmuwmmmm-m.mumm .
Mhammco&hctchrmﬂnmmudw.
m..wlmmmmuaumwo-mm-q

stook, .
e sulphurie acid departmeat applies the coatact Bothod, I

has three systems which were erected consechtive vith the increasiag
of ¥he 0a08city ~the ems system is for 20000 & m3/h end the rest
two each fer 3500 -’lh g38.The gases go suscessive through the
washing Sowers,wet electrofilters,dryisg towers sad thea emter the
four spperatus with a contect vensdiwm mass.Prem the coatast
spparetus the gas mixure with 4-G% 80, and Sempersture $30-200°C
is dizesved vowerd the olewm sad m%um sbeorbers.he dryiag

T™he indecss of $de sulphurie 00id production are she followinmg:

1.Usilising the gases - 958

2.Degree of eontasting - 9.2%

JoDognee of svecrptica - 99,8 %

4sConsuaptien of ol energy ~150 KWR/%

Sc.0cmvent of 80, defere the centast spperetus 4,80

. 2enperature of the gases in the eontest o

Afher thelcomtasting-580° G afber the IIT comtasting 480°0

! oo v s aeemer v MO
2 In ene spperetus eharged coatast mass abous 0%,
O The moen Guretics of the combact ess 3.5 yeads,
So0emosntration <2 the soids

seVashiang tewers -3,608

hmm "M

Slimehpirete 98,78

GOlsm 19,36 free %0,

In e " MBItToviwests o Bliseisa W seavertes gases with
6 low sentent of 80, ere wiilised effistive for the pwedwetiwa
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ccmmmnmmumnwum-
Wt dust purificstion in a velosity duster type"Vemturi®,the .-oq
mmhmanlmnuuodumﬁ'VM'h

'6R extent of adsorptiem over 97%.The produced bisujphive cerres-

mumnwmumtmuuunmw

“mw.o

Ghaper ¥~ Gemeral amalysis of Ss blister copper end supphmrie
. e8id produotioa.

mmuccmsurmum"e.mwmu

orgsmised a8 & separete dw.mutodctn.mm.

bo-lw in the tnhohd.ul proeess. Jull conditions fer

.mwwummumwmm

sebion of the ladour and automatic regulation and msintaining
of the basie Seshaclogical paremeters.The mesn content of eopper
ia the 3ew materials is adbout 14,3%.The censumption of querts
swnd for fiux is sdout 650 kg/t bliaver copper.The ccasumptien
ccoum;wumsommm.mmq
of the presessed charge is sbeut 300 000. r yeurly.The extvastien
dﬂmh%mh”.’.mlmlmu
the follewings
hﬁnﬁq 3,38 ,vith the .—u o.ﬂ;uohuod um‘u-
toumined less 2,08.The %otal mender of the persons engaged ia.
the predusticen of dlister eepper is 370 ineluding 320 wesiews.
e extent of ladour nechenisstion is 348.The produetivity of
lebour of ome worker is 120 § blister copper per yper.The eapi-
%ol dimvestments por 1 ¢ blisder eopper ave abous 180 lv.
‘She stresture ¢f the prime cort of the expleitesion expenses

by the predustion of blisver eopper is the followiags

‘lWﬂMﬁoli 19 Im -.l.m
owe end electrode nass/

I.Mlnnt/ »

.Go Depertnent cxpenses end csurvent repairs 138

Lo T TR
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The profitadlness orthoprodmuqnuubm.‘lm. . .
In the preduction of sulphuric a0id teke part direct 95 perscas
inoludiag 82 workers.The exteat of labour mechenisatios is 98,
The produssivisy of ledour. is 2200¢ asia per . worker,The easpisel
investmeat for 1tacid is sbout €0 Leva,The_total utiliziag of the
sulphur in the plaat at present is abous 688,The structure of .
the prime cost for the productior of sulphuric acid is following
1eRem matoriel .. 52%

2.Bnergy o

3.8alaries %

& Departmext expenses 208
Total 1008

The profiteblemess of the prodmotien is 1ME, | N
From the pointed ous Sechaic-econemicel dass is cleax,1a apite

otﬁptm.otﬁomumna.'wmﬁ.mm
r«wnmuﬂumwuﬁummn.
m@um,mmmemamm
inereesiag the Productivity of ladour ese.The outlined noasures
Mﬁﬁmdmlonuhﬂuhmyt.uhmm
hho..uu.m.dnnm.h.mmh.ctmm
Mw”ﬂnﬂﬂu‘ﬂ.mmm.‘ﬁ
muuvammuuam.mmumuwn
is as Lellows: R '

momummnmm.m
fron $he elestro-smelting furmace,with fully automatien.fhe
Jroesss of the smeltiug.iutomatlc making the Srenspert systen
hﬁommm'Mcthmmlm-l
mnu‘..unq.um. - - -
W'Wﬁth“lmm.lm
mmm.u..mn.umm.wct :
the installstions for sulphmris ssid ia erder % bo whilised all
- the gases threugh their earichment sad stedilising the Fegine
wﬁQWMMwohummm
the guality of the semsentrate aid ineressing mere Whe sepadity
fer produstion dlister coppes,
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CheRYer ¢~ Blectrolitic copper refining by imoressed demsity
of the cudrens,

The original soheme of the electrolytie department by putting
*he plaat ia operation was the comveationsl oms -the ome wplied
@emerally all over the world.The current density was in the
linits of 200-220 uporo/nz. The temperature of the electrolyve
Shreugh warming up with steam wa. ia the interval 57-63°C;vhe
veleocity of the circulatiom of the eleotrolybe wes am uswal
one 23-20 1/min,The coustruction of she bath wes a conveatienal
type without any distinotive characteristie.The baths are
Jointed serial ia ome elestricsl oircuit sad the eleetredes ia
oack hath -in series.In the besh is givea scatinucusly weraed wp
elestrdlyse and the cooled ome is led avey.The eirculatiea of
he elestrolyte aids the maintemense of the DOeessity temperetuse
ond reduces the conceatvratiom polarisation.The evea depesis of
the copper over the sathodes is fasiliated Wy mainteiniag o
definibe oououdrnmwuu.otou-n substances Juwst |
1ike beme-glue,sulphate 1ye, thiccarbenideste. By this ceaventicasl
schems it is 20t necessery sny more desails o be Givea,
m.‘owiodmmwumMumMﬁo
£irst stege the Bulgarisa speeialist develeped a new methed
for elestwrolive refiaiag of the oopper with eatirely differeas
mmmummonnppm-ommm
mmmmmlymmmﬁcmmthct
She elestrelitic department was iaculeated as ~sonstant nothed
cc-..mmmamormumumwnm.
of %ok swrmeat is insrcssed.The method emsures & broad reage
£rom 300 Oe 700 A/al. he method 18 registered os & pevent ia o
amber of foreign eountries and Ry fires displaly.inberess
in %he 1icense,.The licenee is alresdy seld be Italy,Jepen and




yenain in the mmbomntmmmpttn.
a8 by the comventionmsl electrolisic refining.0f ecourse a Caro~

ful fize refining is desiredle.It 18 not mecessary the compesi.
Siea of %he amodic copper %o be givea becsuse it is well kmowm,
Blestwrolyeis regime Wy imsressed density of the curreat hes seme
posuliarities.It is matural shat some of them whidh. axe the
o880200 of the pateat we a-e not ia state to report,The increased
deasity of the curreat meeds Tespectively selected colleidal regime
1% ceuld de reporved,thet ia Ssoordance of copper achd sulphurie
801d ecntent the cemposition differs very little from the ¢lassi-
sal ene.There 1s o difference ia the seateat of ochlerine ieas,snd
mmum.Qonxmuammmmmu-
hu-u‘.utthutwhdhnmumm
ia %he depertuent tuipnent/beths, punps, heat oexehangers,pipe-1ine,
somunicatien 1ines,ete./which casures the posdidility of & cheep

mmumr«.mmwwﬁw .
hmﬁuﬂndnm&uamtmhmm.
o cheresterise the cccndmicsal results frea the agplying the

Mm“t&n«n&ﬂu.h«mcfﬁom'
-nhmummmmm-.mm.m
nunmnmmmmuuum

Zroguent epplicd cusrent density-namely 160-180 A/a?

.“Mﬂnn“lu«tn&t%“d
S0m0 of e tochnic-cocncmicel indeces,
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ohar:->tewined a8 follows:

4.100 outside Wpoarence of :he eethodes is um l..ltu
4 kot coupast strweture, o o
&nmmamummuwum

. .
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$.2he expediense trom the applying of a high imtemsive presesss
for roastiag ¢f ‘the sulfide copper comcemtrates just 1ike the
nothod of fluidized wastimg is fully demcastarted.

B.The experience from spplying of electrosmeltisg of rossted
copper materisl is proved.

3.The . “Tectivaess of the proceses for electrolysing of copper
by incressed density of she current in ea+ablished.

B.Recormendations for the deveicping countries sbout the possidi-
litiea of applyiag the described imdustrial procesees..

73 do mot admis evea the thought of giving recipe for the
Iatelopimg of the eopper metallurgy ia the developiag sounsries.
O opinion is that the variety im the specific sharester of the
lecel conditions is & very hig ome sad because of it it is im-
70331ble a cliche to be resommendet.The exsmple in the fellevwing
attitude =im ouwr coumtry is chosem a parsicular,originel metellurgi

cel schemo,which is probably not repeated snywhwre ia the werld
ad wvhich ensures for the Bulgariam eomditioas a goed efLfectivaess.

Chat is why the first recommsmdstion for the developiag sountry
1 by developing their owa copper imdustry mot %o ascept autematie
the elamssical schemes because there is me quarantes that they are
the optimma techmic-ecomomical decisioms.

Ir ony cese,ws might aseet-that 13 our second recemmeadstien -
te by selecting a scheme for roasting of copper sulfide eem~
scitrates ond ores the roastimg im fluidised ded rossters sheuld
he ckne~v,The process ie high praductive,cas be autonatised, sad
srsures a goed uSilising of the s\jphur.

About the saelting of the copper raw materials we night
reccomend the electrosmeliimg just like o conteaporery setellwr-
gical prosess,containing in itself & number of inexhewssidle Fesesy

Corbainly here should be done & guod sssessment of a mwmber of
Toctors Just like she accessibilisy of she spos, the price of the
cleotric peower,of She labour ete,

icoording the slestTolytic refiaing she opinions of the Sulge~
rine speeialiste is clear established.They definively avoept




. -

that the time of the classical electrolytic refining by deasity
¢f the ewrrent sbous 200 //n® 1s alresdy dome,
Bupecially of importance for the developing countries whish heve
SOpper resowurces with comparatively high content of copper ¢to
érew Sheir attentioa over the ore stocks along the flamks of the
depesits which comparatevely are with a low grade comtens,
he Bulgeriea experiment proves the necessity of such a care,all s
She more the presence of oopper ores in the world is restriceed.
I$ is also important for the developing countries the seleetion
of swch a mesallurgical scheme which will ensure a closed mtal-
lurgical syocle with the full aad complex utiliziag of the yam
saberials.It nust not de forgottean that the copper raw meserial
somtains and & mumber of other valusble componerts.This chares~
Soristic of the Bulgerien Sechnology im our srticle was nos
d100wesed because the lask of Practical possidility,regardless
of all shat the Bulgerisn example of the development of the
epper netallurgy proves the possibility and undelines the
SHpeTionss of the complex idilisation of the copper rew materials,
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SUMMERY

In the article istreated the Bulgarian's emazing incresse ia jlho
production of sca~ferrous metals sseured ia the last 20 years,
end espeeially the aew iadustrial developmeat in the oopper sselting

and refining,
The artucle comprises ? chapters,nsaely

1.4 general scheme of the copper rroduction im people's Repuwdlik
Bulgaria,

2,Prepariag of the copper raw meterials for aetallurgical processing.
3.The smelting of the copper raw materisls ia sa electro-furnsee,
4.Utilisiag of the sulphur out of the copper raw materials.

S.General snalysis of the blisder copper amd sulphurie asid produstics
SeBlectrolisie copper refining bWy imereased density of the curreas.
7.Conelusion,

In the preface are givea some date whioh illustrate that a "mear
Riracle” has oceured ia Bulgaria sinee the end of World War II,

In a period of less than 20 years the aca-ferrous metals indwstry
has imcreased i%s miaing dressing end metal oxtractiag sepesity
several theaths of times,

In the first chapter is underlined,after fully desoridbing of the
uodera and original Sechnological scheme of oopper predustion that
it assures a high grade domuucuotthouucw-ﬁo
copporunuuthomutmamefm concenittent eempe-
reate-sulphur,selenivm, Sellurium,precious metals sad othexe.

The besio techadlogicsl operatioms ad a seheme of the pleas
LiRugeneRS are givea too,
Iz chapter 2 ~the mekiasg on*,the nguutboroasu.dﬂ.
chargs is fully deserided,The fluidised bod roesters which ame
mumma:ortuumu.ormmmumnum
characteristies ead is poinved ous that the mastveriag of Whis ) ., o
¢oanwudcutuanutuuhthmuw&omm

mm«mpmmammtmmm
capitfal investasnts and ledewr eand cem b fully sutematised,

e —ETRE
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In %he third chapver -are Sreated the problems ¢of electro-
emelting,alse & new Dprecese for which Bastering on a large seale
e Dulgarisa specisliste are the piomeers.The electro-smelting
is a desic techmoligical process ia the copper productiom ia
Bulgeris because of 1%s epecific peculiaritsies snd on the dasis
of 1%s teehaioc-ecomomical acoounts.A full descriptiom of the
elessro-emelting furnace is Givea and at the same time its gre-
dual development.Bome differeat tadles are givea pointiag ous
80me teshaicel data of She furnace sad resilts of the eleetro-
8mslting and the besic vechaie-ecomomical iadeces.A Briefly
roview 48 givea adout the soaverting of the blister copper whibh
1s dome aseerding She classical sebeme, '

Shanger IV - considers the usilisation of She sulphur end pre-
dustien of sulphmric ecid.The dust catohers aad the cleotre f1lvers
20 fully deserived,ss woll as the inveation for he future Fe-
csastruetions ia this direction.The oulphurie asid departmeant
gplics the centass method which give she poseibility of wtilising
umnnm.uuamtetcumtm”u o
shoerption 99,08,
num-&-ummommammmn
ummwwumanuumom
ummmuummmmmnonm
mbtmumwluzuuummnm
nmu«wtmotwmmumiunnum-u-
mmdﬁ.u«nmumm.

Nteg § ~tweats the olestrolytic copper refiaing Wy isereased
mwcummummummmm
mwmmmummna
Wead venge of eurvens frem 300 ve 700 A/nl,
-mhmuamtunmdtmm .
muwammuxm.u-uu.
nummmmumumzc-mm
mmumycum-&mm
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Sueh requirmeats are aot accesasry.The admixures in the amodis copp:
pex,afber refining sccording the method remain in the cathodes

the same as by the comveational elestrolite refinmiag. ‘

To shsracterize the economical results from the spplying the aew
method conditionslly are givea three hypothetical varisats by
ourreat demsity 300 A/n2,320 A/N? and 350 A/a%.The improvemeats

of some of the tecauic ccounomival iudeces are gsivea ia details,
ChaRtag 2-treats the problems sbout the semeral deduosioms amd
recommendatioas, |

From beth of then is ciesrly understood that the Bulgsriems

oould with Justificution be imtensivly prowd of the progress

thoy have mede in ths past 15-20 years ia the noa~ferrous metallur-
8Y ineludiag the copper metallurgy.This paper is writteam o foous
the etteation of the specialiste cf the developing soumtries e
this striking progress ia the acm-ferrous metallurgy s a whele

snd empeeially in the copper metslurgy erd to express the resd-
ness of the Bulgerias specialistz o render thelir assistance $0 What
collegues frem the developing countries,









