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Final Report on Contract No.: 91/097 

Project Title: 

Briquetting of chromium ore fines and con cen tra tes for the 

production of high-carbon ferrochromium 

• Project No.: Sl/ALB/89/801 

Synopsis: 

The aim of this Contract is to prepare a preliminary process 

design including process flow-sheet, matert~I tialance, energy bal-

ance, raw material specifications, 1 ist o I the main equipment with 

characteristics, for agglomeration plant uf 11.11;.o00-300,000 t.p.y. 

of agglomerated chromium ores. 
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ABSTRACT 

The requirements to charge materials used in high-carbon fer­

rochromium melting are presented. 

The existing processes for the agglomeration of chromium­

bearing ores and concentrates have been studied. 

In order to select an optimal process for the agglomeration 

of the Albanian chromium raw material, a laboratory study has been 

carried out whose results are presented in the report. 

The investigations performed have demonstrated an ability of 

making roasted pellets out of Albanian chromium concentrate with­

out binders so that the finished product has the strength allowing 

its transportation and further processing. 

A new (with reference to chromium-bearing materials) flow­

sheet has been proposed for making Hybrid Pelletized Sinter tHPS­

product) with a controlled degree of metal content. This product 

has favorable properties for making high-carbon ferrochromium. 

The both products are possible to make on one and the same 

universal conveyor-type roasting machine with a specially prepared 

design (the know-how). 

The report includes a preliminary design of the agglomeration 

process, a flo.,1-sheet for making roasted pellets and metallized 

HPS-product, the structure of the plant, a list of main equipment 

with its basic parameters (the equipment is similar to this used 

at the existing agglomeration plants). 



The data on material balance and e111 r nt l»:pendi tures for the 

proc:ess are given. The report is completed IJy conclusions and rec­

ommendations. 

A conclusion is made that it is exped!Ent to realize the ag­

glomeration processes in the Albanian Lc.111d it ions. It requires to 

perform large-sc:ale tests with a batch of Albanian c:hromium-b&ar-

ing material in an amount of at least 1 tonne. 
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1. INTRUDUCT JUN 

There is a growing demand in all the world for high-quality 

stain less steel the product.ion of which r Pqu i r·es chromium raw ma-

terials. Quality chromium ore reserves decrease every year. The 

increase of the amount of fines in mining .md a necessity for in-

valving poor ores in the process with further enrichment result in 

the fact that the agglomeration problem lrPcomes the most impor-

tant. However, the problem of the agglomeration of chromium ores 

and concentrates is not solved thorougt1l~. 

The specified problem has a number of aspects. 

1) A necessity for high strength of a4r1lurnerated raw material 

which would alluw its transportation. The 111elhod of agglomeration 

is determined in that case by the follow111u f,"'lc.tors: 

the composition (chemical, miner .1!c1111r:al. phase) of the 

source ore fines or concentrate; 

the feed size of primary powder ( c-,,J11"-' times there is a ne-

cessity for its re-grinding); 

- the ma>< imal temperature of therm.a I t.r ~r'l tmen t which in turn 

depends on the temperature of onset of Lr··· formation differing 

according to the type of ore, as well as un the amount of reducer 

in the charge required for high-carbon fer r ud1romium production. 

2) Comple><ity of making agglomerat••cl raw material out of 

chromium ores cdused by their surface aLll~Lty. in particular, by 

a high wetting ability of the surface. 

Hydrate moisture continues to wi thdr"'"'' during the therma 1 

treatment of chromium ores up to 1100-1 :..·1y.1"'L. thus preventing the 

process of sinter ing. Therefore, there i •:. .1 r1f?Le<:is1 ty to determine 

for each type of ore a relation between ~l•E-' initial porosity of 
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agglomerated raw material ensuring moisture disposal with an opti-

mal rate and the final porosity ensuring a sufficient strength of 

the finished product and satisfying the requirements of the con-

sumer (in ferroal!oy production). 

This problem is also concerned with .1 ····11'1 tion of a grinding 

method (dry or wet) ensuring an optimal porosity of source agglom-

erated raw material. 

3) A selection of binders and reinforLes. and the utilization 

of enrichment tailings. 

The study performed in MISA showed l11.lt tt.e effectiveness of 

sintering depends on the charge composition (the content of Cr 2 0-:::, 

Fe20'3, FeO, Cao, MgO, Al20::s, Si02, and oll1Rr s). Using a special 

computer program designed in MISA, it is possible to find an opti-

mal relation of the specified components for- a given type of 

chromium ore (concentrate). 

These relations could be changed oy tlip intr-oduction of dif-

ferent addition'=> into the charge, incluchng enrichment tailings, 

which favors the ~ecrease of their accumuldtion in dumps. 

By the use of fusible additions, it 1~ possible to attain a 

decrease of the temperature of agglomerat•~d raw material, 1tihich 

would make it possible to reduce the danyer of the formation of 

high-toKic compounds containing Cr••. 

It has been determined that the effectiveness of the influ-

ence of the specified additions reduces ,:,c, tile content of reducer 

in the charge rises. It calls for a necessity of solving the prob-

1 em of determining the minimum content u I r-clluce.- in the charge 
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which would not decrease the quality ut r dw material been ob­

tained. 

The Albanian Party requirements d1tt.•••· t.hdt the raw material 

used in Albanian smelting furnaces should 1_•_111ta1n 38-407. Cr20~ and 

have a granulometry of 80 mm. 

The presence and further increase i:.1 I l:r·-bear ing fines cause 

the quest for methods of its agglomerat1n11. 

Some laboratory tests for briquett111q ,•ntl µelletizing of con­

centrates ha"e been carried out by the l11•.l1lute of the Metallur­

gical Research of Albania. 

We support the opinion of Mr. Marl1 11.Lmi (the E><pert Report 

on May 24-31, 1990, Vantaa, Finland) conc1?.-r11rHJ the primary effort 

that should be put to pelletizing/sinter·111~ study rather than lo 

briquetting one. However, a necessity or t1,<vi11q BOmm lumps intro­

duces additional difficulties into the µrul1Ji1111 uf final selection 

of the agglomeration process, since it is impossible to make 

strong pellets with such a size. 

An experimental batch of lOxlOmm br1u1.1eltes in an amount of 

400 tonnes was manufactured in Albania ir1 1 ?85. The charge con­

tained 70% of fines and 30% of concentrat~. Cement and coal resin 

were used as a binder. For attaining thE: re4uir·ed strength, bri­

quettes were dried (endured) in open air t1Jr· u11e month. 

Be~ides, br1quettes up to 50 mm in s1~~ were manufactured out 

of 1.5mm grain size concentrate by means uf a cylindric hydraulic 

press with 10-tonne force. The fol low1ny ,,,j xlures were used as a 

binder: 1) l'l. lignin sulphonate; 2) 1.:::1. 11qn111 sulphonate + 4.0'l. 

bentonite; 3) ::1. molasses; 4) 1.0i'. mol.:h·.r~-. • 21. lime; 5) 5.0'l. 

bentonite. The strength of briquettes wcv, rJ•HJll. 
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However, this process cannot be reol1:rd on industrial scale 

since industrial presses used for briquPtting have n:uch less 

forces, rather low productivity and high cost. 

Studies on agglomerating chromium concentrates conducted by 

Metallurgic Institute in Elbasen gave a iJositive result. There­

fore, according to Finnish experts' conviction, pelletizing should 

be the main process. After hardening roasti11g. pellets may be used 

both in Albania and for export to other c.u1111tries, which will al­

lows Albania to have much more profit cu111par ing with the profit 

from concentrate export. 

An opinion of Finnish experts that briquetting could not be 

even compared with pelletizing is fully identical to our conclu­

sions. 

During our first visit t.:> Albania, the Albanian specialists 

and we came to a common opinion concerniny the advantages of mak­

ing pellets and HPS (hybrid pellets/sinte,-·) product for the Al­

banian conditions. So a decision was taken to somewhat change the 

direction of working under the contract and to design a process of 

making pellets and HPS-product instead uf briquetting process, 

and, moreover, bearing in mind the perspectives of the development 

of ferroalloy production in Albania, to increase the design output 

of future pelletizing plant up to 250,000 tonnes per year. 

The proposed process for agglomerating chromium-bearing con­

centrates differs from similar processes in increased productivity 

and an abili .. ,. of making two different products 

sinters (HPS-product) - on one and the same machine. 

pellets or 

Conveyor-type roasting machines a,.e widely used in our 

country both in ferrous and non-ferrous meldllurgy, so there is a 



great experience of working on the~ as well as many experimental 

data. 

The proc~ss of making pellets out of t tor umiurn-bearing concen­

trates was tested on semi-industrial scale. Wet pellets were made 

on a 3n: diameter plate granulator; harde11111t1 ru.:tsting was carried 

out on a conveyor-type roasting machine w L 1_ 1, tia~. ing area of 10 m=. 
Making HPS-product out of. iron ore u_ir1centrates was tested 

both on semi-industrial units C 18 m::::) and 111<!ustr ic:tl machines C 108 

m= and 320 m=). The results of the tests ,u,-. r1u<.;1l1ve. 

The purpose of the work, according to the terms of this con­

tract, is a preliminary description of th'? ~rocess proposed for 

pelletizing of Albanian chromium fines (co11r:e11trate1 based on the 

results of 1 abora tory tests, the present.\ l 11111 u1 initial material 

and product specifications, a list of main Pquipment, and the re­

sults of preliminary calculations of mater1dl and energy balances 

for the process. 

II 
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2. REOOIREl1ENTS TO CHARGE MAIEIUALS USED 

IN ~IGH-c:ARBON FERROCHROMIUM MELTING 

One of important technological processes in high-carbon fer­

rochromium melting is partial alloy refining from carbon via its 

interaction with chromium (and iron) o>: id1 ·'-i in slag and in ore. 

This interaction takes place as the char '~E moves deep into the 

furnace and drops of metal melt drain off (they form at T>lBOO K), 

and locates on the boundary between liquu..I metal and so called ore 

layer which looks as a 40-50mm wide viscous layer of charge and 

slag. 

The formation of ore layer is caused by the us& of lumpy 

chromium ore as one of the charge materials. It is evident that 

the amount of lumpy ore depends on the quality of ferrochromium 

being melted (upon the carbon content allowable in it). 

Another important technological process in high-carbon fer­

rochromium melting is the formation of fluid slag ensuring the 

complete reduction of chromium and iron oxides. This slag must 

melt at a temperature of 50-70°C higher than the temperature of 

metal melting. Its optimal composition - 27-35% SiO:::, 30-341. MgO, 

26-301. Al:0'3, <61. Cr:::O:z - is dictated by a constitution diagram 

for Mg0-Si0:::-Al:0'3 system. Such slag is produced via the use of 

quartzite as a part of the charge. The 1H1r-mil 1 ratio of slag is 

0.8-1.3, viscosity is O.J-0. 7 Pals, 

1833-1873 K. 

and melting temperature is 

It should be noted that the increase of silica content in the 

slag over 351. increases the viscosity of the slag, its ratio, 

electrode consumption, and the content of s1lic:orl in the slag. 



The increase of MgO in the slag somPwhat decreases the ex­

traction degree of chromium. It is recommended to have MgO/Al:O~ 

ratio being not more than 1.6. 

The analysis of high-carbon ferrochr·omium melting processes 

yields the following requirements to the c:h.-uge materials: 

it is expedient to use lumpy chromium ore in the charge 

(10-70 mm or 20-80 mm) in an amount of at least 507. in FH650 fer­

rochromium melting and at least 207. in FHHvv ferrochromium melt­

ing; 

for optimal slag formation, it is expedient to use 

quartzite or other SiO:z-bearing materials. the total content of 

SiO: in the charge (in ore, flu><, and ash) should be equal to 250-

450 kg with respect to 1 g of alloy (depending on the content of 

Cr2 0 3 in the ore and the ratio of slag). 

The technological requirements to ore specify the Cr203/FeO 

ratio !>3-3.5), the content of sulphur· ('li.(15-0.08), phosphorus 

(<0.05), and moisture ((47.). Bean and sem1-cu~e should have an ash 

content of <11-137., the content of total sulphur of <0.57., the 

yield of 1olatile matter of <10-127., that of fines (less than 10 

mm) of <S-157., and that of lumps (more than 25 mm) of <107.. 

I3 
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3. TIE EXISTING PROCESSES FOR l"IAKING AGGLUtll:HnlED HAW l"IATERIAL OUT 

OF CHROl'E-BEARING ORES IN DIFFERENI UHJNIHU:.S (A SURVEY) 

The world practice, the analysis of Ii t.erature, as wel 1 as 

that of patent information and ca ta logu1_u, ••I Lumµanies producing 

Cr-bearing raw material has been demonstrated that a process for 

making pellets 'lUt of chromite ores in shaft furnaces 

("Outokumpu", Finland) is the most wide-=;pread. The process of 

- "Outokumpu" is used at plants of GreeL•". Phi 1 ippines, India. 

Turkey, and other countries. 

At the plant in Tornio (Finland~, ferrochromium is melted of 

hot charge pre-heated in a rotating furnace at 1000-1100°C. Cr-

bearing pellets of 10-20 mm in size are 111a<.Je from wet grinded 

chromite ore (concentrate, 85% of -0.0740110 fraction) containing 

about 40% Cr20~ and 7% Si02 with the addition of l'l. binder 

(bentonite clay). The pellets are roast~d in shaft furnaces 

(having an annual production rate of 1<111.11(1() tonnes) at 1200-

1400°C. The strength of roasted pellets is ~uu-300 kG/pellet. 

Processes used for making Cr-bear 1n'.J pellets at plants of 

Sweden, Germany, Japan, and other countries differ from the above 

considered in a method for ore (concentr?te) grinding, the final 

granulometric composition of grinded maturt~I. initial humidity of 

concentrate and pellets, types of addi t1u11s used in the charge 

(binders etc.), modes of pelletizing and dry111g. as well as in the 

modes of raw pellets roasting and finished pr·oduct cooling. 

For example, at "Ferrolegeringar" pl.111t C lrolhettan, Sweden) 

ore (concentrate) is grinded in rod and ball mills below to a 

grain size of -0.2 mm Cone third of tot.id -111or11111t has a grain size 
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of -0,07 mm). At "Gesellsehaft fur EleclrP111Ptal lurgic, GFE" plant 

(Waiswailer, Germany) ore has a humidity of at most 107. before 

grinding and a grain size of -1 mm after grinding. At "Nippon 

kindzoku to kagaku" plant (Japan) a pre-dried mixture of chromite 

ore and reducer is grinded in a ball mill b!?low to a grain size of 

-0.15 mm. 

Besides bentoni te ("Outokumpu"), addi lions to the charge of 

pellets may include slaked lime, silicon m~terial from filters be-

hind furnaces 

("Ferrolegeringar"), 

for 

coke 

melting 

breeze 

fer~ r ochromium silicon 

and gas cleaning dust 

("Ferrochrome Philippines"). At "Gesellselli1ft fur Electrometallur­

gic, GFE" plant there is a practice of ma~ing wet pellets without 

binders. The strength of wet pellets witll l'l. bentonite or 21. 

slaked lime addition is higher and equal tu 1.1-1.5 kG/pellet. 

The size of pellets produced at planl: of different companies 

varies in the range of S-50 mm, but normally is not greater than 

15-20 mm. 

IG 

Modes for hardening of pellets mad-:? ,,, different plants vary 

greatly. For instance, in Sweden the pr1c..i11ly l.Jelongs to a roast­

ing-free (autoclave) mode for hardeninu of pellets made of 

chromite fines by means of a Kabo process. T tie- annua 1 capacity of 

such a unit is 150,000 tonnes. At "Gesel 1-.;•,lldft fur Electrometal-

lurgic, GFE" plant pellets are han.J1.-·11Pd on a LEPOL unit 

(grate/rotating furnace) with an output uf 250 tonnes/day. b-50mm 

diameter pellets roasted at 1300-1450°C 11 .. •s a strength of 70-250 

kG/pel let. 10-25mm diameter pellets roac:.l<"d at 1500-1600°C has a 

mean strength of 250 kG/ptrl let. Moreover , l l has been established 

that a mode of cooling has a great impr.1 t ""' on the strength of 
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roasted chromium pellets, and only slow r.l" .i l"Y for several hours 

keeps an initial strength. After air cool 11•q the strength of pel­

lets decreases by 507.; after compressed «ir cooling and water 

cooling the strength of pellets decreases respectively by 407. and 

307. (when leaving the furnace). At "Nippc-11 •o•an" plant (Toyama, 

Japan) pellets are roasted in a ring verlit.:11 furnace produced by 

Associated Portland Cement Manufacture (Gr~~l Uritain) and having 

an annual capacity of 140,000 tonnes. The t.~mperature of roasting 

is 1110-1150°C. At plants of "Syova den~,, ... "Uippon ldndzol<.u to 

kagaku" (Toyama), and "Nippon dzyu kata" u" t • yusyu, Japan) pellets 

are roasted with the addition of f'-!el in lu the charge at 1300-

145oac, in particular, after pre-heating uf pellets in a shaft 

furnace ("Syova denko"). In this process a~out 60% of chrome and 

up to 907. of iron contained in oxides is reduced. 

The data on making Cr-bearing raw mat~rial on conveyor-type 

roasting machines are absent. However, the •;Ludy conducted by MISA 

on making pellets in pilot-production conrl1ticns out of chromite 

concentrates of Donskoy mining works has ri''IJIOnstrated an ability 

of using conveyor-type roasting machinE-s for maldng pellets. A 

process has been proposed and is designed now for making Cr-bear­

ing sinters C pel 1 els/sinter hybrid product >, 1 .e. so called HPS­

product. This process has been tested on 1111.Justrial conveyor-type 

roasting machines in making sinters out of iron ore raw material. 

Making pellets with rather high str "''"th ~ t rather low tem­

peratures has become possible due to the r oritrol of the surface 

properties of chromite concentrates before µelletizing, the opti­

mization of the composition of pellets ch~·~P (by means of regu­

lating the relationships between the cont• nt·. of different compo-



I7 

nents in the chdrge via the introductl"'' •.·I ft.1s1l>le additions), 

and as a result of finding an optimal r~1~~1un between the compo­

sition of the charge of pellets (sinter-:; L•ritJ the modes of their 

thermal treatment. 

In order to determine an ability of c\l'J'lyi.ny this process for 

making agglomerated raw material out of Albanian ores 

(concentrates), a series of laboratory tests and the processing of 

their results have been conducted accord l nq lo a technique deve 1-

• oped at the Department of Ore Thermal Prr_•LL·:.><.:es uf HISA • 

• 
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4. PRELinINARY EXPERU'IENTS WITH llL OIM Uf ~LECT ION OF 

AN OPTll'IAL PROCESS FOR TIE AGGLl»'IERAI llJN lH l\UJANIAN CHROl'lll.ltt 

CONC~NTRAfES (ORE FINL~) 

4.1. Characteristics of SourLe Malerials 

Chemical Composition 

Chemical analysis of Cr-bearing orp·: -•r•lf 1orH .. entrates of Al -

bania has been carried out, as well as ttial of additions used in 

the charge of pellets. 

The data on the chemical compositio11 uf Cr--bearing materials 

of Albania presented by the Albaninan l'LH l1 ctre given in Table 

4.1. 

In order to determine the type of Lr -t.Jec'lring mineral and 

gangue, polished and transparent sections lld.,,e been made for min-

eragraphic and crystallooptic analysis. 

Petrograpl1i c An.alysis of Al bani.an Ct1r c11111 um Ure• 

Ore Texture. The examination of the l.E: .. ,: lure was conducted by 

reflected light with small magnification:.. rt,~ three types of tex-

ture have been detected: massive, impregndlf~ll, and streaky. 

In massive te><ture (Photo 4.1), ctirumit .. r~ grains contact with 

each other, and crystals of silicate mi111-r.1l<; ut barren road ar·e 

to be found only on separate sections L1<:>t"1een the grains. This 

• The petrograph1 c ana 1 ysis has been per I•" •nt·rl hy E.. F. Vegman, Pro­
fessor at the OEc>partment of Ore Thermal f'r 11< "''"'5Ps of MISA, Doctor 
of Technical Sc1ences. 
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Table 4.1 

Chemical composition o1 chromium ores and concentrates 

: Ore Deposit : SiO: : Al:O~ : MgO : Cr:O~ : Fe:O~ : FeO :Others: Cr/Fe 

Mono-
mineral 

Kraste 
Studenti 
M.Botoce 
J.Politekniki 
Bulqize 
M.Trigjeprave 

Bulqize 
Bulqize 
Bulki.:e~· 

Bater 
::::. . ~~-- ="- ... -

3::.:er:· 

0.80 
1.10 
0.95 
0.50 
0.50 
0.30 

10.94 
9.78 
8.43 

11),5:: 

' .... 
-. 

i:. 
4. 1) 

3* Chromium concentrate 

36.05 
21.70 
20.33 
10.21 
12.36 
8.46 

7.34 
7.01 
8.80 
8. •)7 

....; . ~ -.- ---. 
: l. •) 

17.12 
15.45 
li.93 
14.24 
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texture belongs to rich chromium ore whLLI• is the most valuable. 

I ts presence is an indication of the 1.:- t_e m~gma lie: genesis of the 

ore body from the Albanian deposit. 51l1c-?te minerals have been 

the first to be crystallized here from tits:> magma, which corre-

sponds to the Londitions of cooling u l '-' -~lJCtsic silicate magma 

saturated with gases. The residual OY.ide n1e!t has been pressed 

back by the front of growing silicate cr~~lals into spaces, voids, 

and cracks among the silicate masses ol•·i:-.o..Jy solidified. At the 

final (late magmatic:) phase chromite 11_, 

form of massive monolithic sections. 

t·•-~•· crystallized in a 

Impregnated and streaky textures cH ~- lt!;?r·e the intermediate 

ones among the blocks of massive chromH1rrr ores and blocks formed 

almost solely by silicates. Chromite grc>1ris are uniformly impreg­

nated in the mass of silicates which form h~rP and there strips up 

to 4-5 mm wide C\µpeared as a result of U1r- lJrclv'lt<'ltional differen­

tiation of the magma, i.e., during lower H••J u f more heavy chromite 

crystals in rt-latively more light silicat€: 11qu1LI magma. 

Ore Structure. Irrespective of text.11r·~. the structure of the 

ore mc:.y be d!?scr1bed as cataclastic stru•_turP of crushing. U1HJer 

the influence of great mountain (dynamomorphism), 

chromite grains have been cracked with ti•€: formation of acute-an­

gled debris and splinters (Photo 4.2). r1, "II•"~ of olivine, playing 

in this ore tht- role of barren road, w1d:-1 '-J'' s1m1 lar changes. The 

second componen l of barren rrJad, serpe11t_111•:· < ctirysoty l), has not 

been affected by c.rackst. The point is u,,,, .,,.._tr~mely hard chromite 

and olivir1E:' (l11P hardness is 7.5 ..lnd I 11 ...... 11•1ml1,.,rs respectively) 

are dt the 5.-ifnf' t.1me fragile, whereas._,.,, r.r-tp~'fltlne (the hard­

ness 1s ~) 11~._~ .-,,..,,.,e plasticity. It 1•. ,,,:. • · ''"'J tl1at df?br1s of 
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large chromite and olivine grains do not th.=t11ge their position in 

the space while failing and save parallelism within the bounds of 

the former grain contour. It is extremely Llearly seen with re­

spect. to olivine grains - a 11 the spl in ter-r; of one former large 

grain become simultaneously dim dul"'"ing the rotation of microscopic 

stage. 

Hiner.:Jlogical Composition. The stud: u f mineralogical compo­

sition was conducted by the methods of m1neragraphy and crystal­

looptics. According to these data, chru1111 t,· i•: here the only ore 

mineral. 

Chromite/chromespinelide, (Fe,Mg)(Al.Lr ):04 is detected in 

polished sections by reflected straight 11yl1l in a form of isomet­

ric grains, rounded and oval nodules. It io.; badly buffed due to 

the pitful structure of the surface. The reflecting power is 14 %. 

It is isotropic (cubic syngcny). Double-reflection is absolutely 

absent. It is gray in reflected light. ~n transmitted lig~t, it is 

translucent as dark-red in very thin sect iuns. In polished sec­

tions, the internal reflexes are brown-red. It is non-magnetic; is 

not drawn by a steel need le; is not e tr.:lled by nitric and hy­

drochloric acids as well as by K(OH). 

Barren Rock. In reflected and lr.=.r1sr11.tlled light, it is 

clearly seen that in all cases it consi$ts of two phases - joint­

ing mass of olivine grains and serpen tirn.: Ii bres positioning be­

tween the grains and along cracks inside them. file process of ser­

pentization of olivine is rather typical for ultrabasic rocks on 

the whole. In that case the product of ol lv'llle failure is a sili­

cate from thE:.> group of micas - serpentir1r· <or.it1ite), more e><actly, 



its fibrous version chrysotyl. The data of more fine diagnostics 

of barren rock are as follows. 

1) 01 ivine: (Mg ,Fe) 2 Si04. Forms co I 1" If ~s isometric, rounded 

grains broken up by irregular cracks. S 1J111~•-imes there are wide-

table crystals. There is high relief, sh<:lr 11 l ~· pr unounced shagreen 

surface being noticeable even without t.11._•plu agming. Weak vague 

sealness is found only on a few of large ul1.,,i11e grains. It is op-

ti cal 1 y anisotropic; there is straight e -. l 111c t ion with respect to 

sealness. There is high double-refract1•J11: N~-N.,,=0.~3b ••• 0.0~8 

(measured with the help of quartz wedge b• tt1e method of compensa-

tion). 

2) Serpentine (ophite): Mg .. [Si,0.&.o:.J(UH>e. It is represented 

here by its fibrous version - chrysotyl. Il is colorless; there is 

straight extinction with respect to the d~Ps of filaments on rec-

ti linear sections. There is double-refraction: Nc;i-N.,,= 

=0.011. •• 0.013 (measured by quartz wedge). It 1s optically posi-

tive. 

4.2. Experimental ledu1 u1ue 

Preparation of Source Materials and 11~/..ing Wet Pel lets out of 

Chromite Concentrate 

The most suitable charge composition and roasting conditions 

for making pellets out of Albanian chromite concentrate have been 

determined by the method of mathematical experi.ment design. The 

compressive strength of roasted pellets l\,;ic:; been selected as the 

main parameter of optimization. 
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The content of additions A, B, C, [) ;t11:- ~now-how), the time 

of heating and the time of isothermal hold i11g of pellets at high 

temperature were ~elected as variation f~· tor~. 

During tt>e investigations on making t r--bc:aring pellets, all 

the source materials (the charge comporwnt_=;) were subjected to 

primary crushing with further re-grinding tn a mechanical agate 

mortar down to -0.15 mm fraction. 

Then 8 different charges differing 111 ':Ile type and quantity 

~· of addJ.tions (Table 4.2) were composed a11cl tl.uruuyhly intermixed. 

Wet pellets were obtained of humidified cfldrye in equal conditions 

by 2-minute rolling. 

High-Temperature Roasting of Cr-Bearing Pellets 

After a preliminary drying at 120°C for 2 hours, Cr-bearing 

pellets were subjected to high-temperature !l.:ir·dening roasting. The 

roasting was conducted in a tube si 1 i te furnace constructed by 

MISA in air atmosphere at 1300QC. Pellets were charged in a Ni-Cr 

- basket and lowered in the furnace heated up to the required tempe­

rature by means of a special mechanism allow1ny to vary the rate. 

The duration of heatirg (lowering) and huld111y at high temperature 

varied and was equal to 8 and 20 minutes ( fdble 4.2). The duration 

of cooling (hoisting) was equal to 15 minutes in all tests. 

The temperature in the furnace was mu11 i tor ?d b>· a Pt-Rh-30/6 

thermocouple. A KSP-4 potentiometer was t•sPci as a secondary in-

strument. 

The compr~'"ss1ve strength of pel letc;; i-- 0 :.-, d1~lPrmined on a me-

chanical press. 



In order ta investigate the micros tr L•C tu re of pellets, pol­

ished sections were manufactured of them. 

Instrumental Methods 

The micrastructure of roasted pellets was investigated by re­

flected light on microscopes Neaphat-21, nmplival-pol-4, and MIN-9 

with a magnification of 50-1350 powers. 

Source Cr-bearing materials and roaslPd µel lets were analyzed 

by a NTA-1024 analyzer based an the method of nuclear gamma-reso­

nance spectroscopy. The source was e 7 Co i11 Cr matrix. 

The interpretation of spectra was c~rried out by a specially 

designed program on an IBM-compatible cornpuler. 

The control of phase composition wds conducted also by a 

DRON-1 X-ray diffractometer. 

Change>s made during the process of ct-i11centrate heating were 

studied on a Q-der i vatograph ( therma 1 ~11d l t zer- ) in the thermal 

range 20°C-1050°C in air atmosphere at the rate of specimen heat­

in~ of 10 degrees per minute. 

4.3. Experimental Results on Making UoJsted Pellets out of 

A 1 bani an Chromium Coru:f-'n Lr d t e 

Dependence of the Strength and Stn.1cture Parameters of 

Roasted Cr-Bearing Pallets on Different f,Htors 

The investigations have been condu<- led i.-1.1 th the use of the 

method of mathematicdl e><periment desigr1. I• technique for making 



wet and roasted pellets was presented earlier. Experimental condi-

tions are given in Table 4.2. 

lable 4.2 

Experimental conditions for making rGasted pellet5 out of Albanian 
chromite concentrate 

------------------------------------------------------------------
Factors : A ad- : 8 ad- :Heating; Cad- : Dad- :Isothermic 

:dition, :dition,: time, :dition, :dition,: holding 
% % min. % % :time, min. 

-------------------------------------------------------------------
Code x. 

------------------------------------------------------------------
Basic 
level 

( 0) ..., 5 14 1 o.~s 14 ._, 

Variation 
intervals 

( I ) 1 5 6 1 0.25 6 

Upper 
level 

( -· 1) 4 10 20 2 0.50 20 

Lower 
level 
(-1) ...., 0 8 0 0 8 ... 

------------------------------------------------------------------

Tables similar to Table 4.2 are standard when used at the 

stage of problem statement. The factors are coded here by the 

carry of the origin of coordinates into the center (basic level) 

and the selection of a scale in factor var1i1liori units. Coded fac-

tor values (xL) are related to natural ones (XL) as follows: 

I 
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where x~0 is the natural value of the factor at the basic level; I 

is the natural value of variation interval. 

The t~mperature of roasting was 13oo~c, the duration of pel-

lets cooling was 15 minutes. 

Once optimization parameters and var ia ti on factors had been 

selected and basic levels had been established for- them, it was 

possible to adopt a possibility to eslim.ile linear effects by 

means of a fractional replicate selected. :~-~ fractional repli-

cate selected was represented as a design .natrix (Table 4.3). Fae-

tor values +l and -1 are replaced here b) s7111bo!s "+"and .. _ .. 

Table 4.3 

2 6 --=' design matrix for the problem of m.::1kirig roasted pellets out 
of Albanian chromite concentrate 

----------------------------------------------·--------------------
Test : Factors 

number:------------------------------------------------------------
x,:. X 1 X::: X-:: X4 X ~ X6 Y 

-------------------------------------------------------------------
1 + + + + + + 140 

2 + + + + 33 

3 + + + + 148 

4 + + + 92 

5 + + + 61 

6 + + + + 208 

7 + + + + 125 

8 + + + 164 

------------------------------------------------------------------
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Notation used in Table 4.3 is as follow~. x~ - X6 are factors 

which affect the properties of pellets (variation factors in Table 

4.2); y is the compression strength of pellets (optimization 

parameter), kg/pellet. 

As an example, the calculation of rPgrp•;si.011 coefficients and 

the statistical analysis of an equation describing the dependence 

of the strength of roasted pellets on the factors selected is pre-

sented. The results given in Table 4.3 (compressive strength of 

µellets, y, kg per pellet) have been ol.lt,_1111HI us d result of tests 

in accordance with the design matrix. 

The regression coefficients of a linear· equation describing 

the response surface in a local section situated near the basic 

level were calculated by the following formula: 

N 

L x£_._, y ... 
'-•-J. 

b£ = -----------
N 

where ><£.u is the value of ><£ in the u-th test; y._. is the value of 

·~he optimization parameter (the compressive strengtt' of pellets in 

this case) in the same test. 

A regression equation describing a dependence of the strength 

of roasted pellets on the variation factors is as follows: 

y = 121 - llx~ - 3x 2 - 18x: - 6x4 + 44x~ + 20x. 

A varianLe characterizing an error in determining the coeffi-

cients of r·egression cs=.,.. 
I 

is found from tile e>:pression 

s::::;: 
s::::a::.· = -----

' N 



where s:::y is the variance of the test; 1-1 - the number of tests. 

The results of test variance calculal 1011 are given in Table 

4.4. 

Test variance calculation 

Test Repe-:Strength:Average : AY .... = 
number:tition! (y._..J) !strength:=ly .... -y .... ..11' f:.;1~ ... 

( u) : number : : in the 

1 

2 

3 

4 

5 

6 

7 

B 

(j) 

1 

..., 
L 

1 

1 

..., 
L 

1 

2 

1 

2 

1 

2 

1 

2 

l 

2 

u-th test: 

139 
140 

142 

30 
33 

36 

151 
148 

146 

94 
92 

91 

63 
61 

58 

210 
208 

207 

128 
125 

122 

160 
164 

167 

1 1 

2 4 

3 9 

't 

3 9 

2 4 

2 4 

1 1 

2 4 

3 9 

2 4 

1 1 

3 'I 

3 

4 16 

lable 4.4 

= 

5 

18 

13 

5 

13 

5 

18 

25 

102 

''8 ·-
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A confidence interval for the coetf icients of regression are 

calculated by the formula: 

where t is a Student t-test; c/.. is a significance level (the proba-

bility of practically impossible events> assumed to be equal to 

0.1. 

Thus, 

:t!.Bb~ = 6.b. 

Therefore, tor absolute values of the cult ft 1.cients of regression 

exceeding b.b, all linear effects should be recognized to be sta-

tistically significant. 

After the coefficients of regress1.or1 had been calculated and 

its significance had been tested, a st~! i<::t.Lcal analysis of the 

regression equation was carried out. For U11 s purpose, a hypo the-

sis was tested on adequacy of this equci t_ 1ur1. i.e., a problem was 

considered whether the linear equation obtained may be used or 

there is a necessity of a more complicatPd model. 

For testing for goodness of fit, tile ":H"iance of adequacy was 

calculated: 

r" E < y... c• l c: - y ... • . .,. > ~ 
... -J. 

s=.a = -------------------
N-k-1 



where Y~ c•lc is the value of the opt1m1z~tion parameter in the 

u-th test predicted by the regression equation; Y~ the value 

of the parameter in the same test determined from the eMperiment; 

k - the number of variation fa~tors. 

The results of adequacy variance calculation are given in 

Table 4.5. 

Test : 
number: 

1 

2 

3 

4 

5 

6 

7 

8 

140 

33 

148 

92 

61 

208 

125 

164 

Table 4.5 

Adequacy variance calLulation 

Yea le: 

153 13 169 

25 8 64 

141 7 49 

99 7 49 

67 6 36 

201 7 49 

117 H 64 

171 I 49 

------------------------------------------------------------------
529 

------------------------------------------------------------------

test: 

The adequacy variance was equal to: 

529 
s~.d = ----- - 529. 

8-6-1 

A hypothesis on adequacy was tested •1';1ng F 1sher .. s F-ratio 



s=.c1 
F<=•lc: = 

f,,;t1 s=;; 

"T J.1.. 

where f:::: and f& are the numbers of deqreeG of freedom in finding 

the variances of adequacy (S= • .s) and thP t<>•;t (S=::-). 

A hypothesis on adequacy of l ine~r mode I me1y be accepted if 

the calculated value of F-ratio test (f -•·0 i is not great.er than 

the table one (F'"•b 1 ) for the significari::•? level selected. 

In our case. 

529 
= 5.19. 

102 

Having 5-percent significance level ( o{ :1 1 .•_:~_;}. the table value of 

F-ratio test is 

for cJ.. =O. 01, 

F .. •bl = 11.41. 
1;1 

Since Fc• 1 c<F~•t:> 1 , a hypothesis on adequacy of linear model 

is not reJected, and it may be used at f1wtt1er design stages and, 

in particular, for finding a direction tlf rnuvement along the gra-

dient to an optimu~. 

In this slage of e>eperiments, t:ie rHyn?ssicn equation ob-

tained (intermediate one) was applied f•Jr constructing nomographs 

given ir1 Fig. 4.1, a-f. 
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T•ble 4.6 

Results of mineragraphic examination 

Test :Characteris-:Fraction: Porosity, % (vol.) Averu•e I Aver.i;e I Amount I Stren;th I • I 

number: tic of : of : --------------------------------: pore I size of I of I ot pellets, I . I 

macrostruc-:sintered:of sintered:of unsinter-: total size, I intervals: •ilicate: klil/pellet I 

tu re : are.a, I. : part : ed part .l"m ' between I binder, I I 

pores, .l"m: % 

l homogeneous 100 60.3 - b0.3 89 111 4.8 140 

2 heterogeneous 20.0 72.7 96.7 91.9 64 171 l. :s 33 

3 homogeneous 100 60.9 - 60.9 60 138 :s. 0 148 

4 heterogeneous 15.0 57.9 86.8 83.6 81 l~O l. 7 92 

5 heterogeneous 23.0 70.0 94.2 84.7 74 164 0.4 61 

6 homogeneoL1s !CO 59.8 - 5'1.8 0: 11)4 ~.a :')8 

homogen~ous 1•)0 58. 0 - :.a. 6 9o ll.b ;.e '··•n 
... - w 

8 homogeneous 100 54.9 - 54.9 8<) .1.26 3.7 164 

----------------------------------------------------------------------------------------------------------
The numeration of samples corresponds to tha conditions of the tests presented in Tables 4.2-4.3 

~.J 
1..:> 



Nineragraphic Examination of Roasted Pellets 

In order to find a relation betwei:>n the microstructure of 

pellets and their strength, thirty polish"~' sections were studied. 

The study included the determination of the amount of silicate 

binder. 

The results of the study are given in Table 4.6. 

As the examination showed, the micn,c;tructure of pellets in 

test 2 is a number of little parts of source concentrate which are 

situated rather separately. 

Pellets in tests 1, 3, b, 7, and 8 are sintered in the whole 

volume and have rather dense structure with a mar~ed amount of 

silicate binder (3-6%), which allows us t.o cJrrive at a conclusion 

concerning the liquid-phase nature of sintPr1ng (Photo 4.3, a). 

The study of polished sections for t~~ts b and 8 showed that 

ure grains are carburized with each othr:r by silicate binder lo-

cally. In the rest of the volume sinl•_'r ir1g had been proceeded 

mainly in solid phase (Photo 4.3, b). 

The melt obtained due to additions ,1nd forming silicate 

binder while being cooled is, obviously. t1ulerogeneous in its com-

position, which is indicated by the thic~nes5 of binder exuded. 

The examination of polished sections for roasted pellets made 

it possible to determine a strict relatior• between the strength of 

pellets and the amount of si 1 i cate bind~:·r ir1 them, the average 

size of pores and intervals between them <~ig. 4.2-4.4). 

Results of Derivatographic £"amJnt:lt1<1r1 

The study of Cr-bearing concentr~t~ behavior during its 



heating in oxidizing atmosphere was perfc.•r•n£>d on a 0-derivatograph 

made in Hungary. The conditions of examination were as fol lows: 

the initial temperature was 20°C, final temperature was 1050°C, 

weight of the sample was 0.5597 g, crucible was platinum, rate of 

hi!ating was equal to 10 degrees per minute. The sensitivity was 

equal to 1/5 for OTA, 1/10 for DTG, and 200 mg for TG. 

The analysis of the derivatogram sl•o ... 1ed that moisture ad­

sorbed from air (0.002 g) was being disposed up to 80°C. Ouring 

further heating up to e10°c, a slow disposal of hydrate moisture 

appeared to take place. A total loss of moisture in that range was 

equal to 0.014 g. 

Oxidation of the sample practically "'<ds not to be observed. 

The results obtained corroborate a cone I us ion that the hard­

ening of pellets made of Cr-bearing ores ~nd concentrates proceeds 

inefficiently due to the absence of oxidiz1ny processes, so an in­

crease in the strength of roasted pellets requires either the ele­

vation of the temperature of roasting '!r the introduction of 

fusible additions simulating the formati011 1rf the melt. 

A derivatogr·aphic examination (oxidi;·111rJ atmosphere, differ­

ent heating rates) of specimens up to 131y•···C is also performed. A 

certain increase in the weight of specimt-'n was noticed from 1050 

to 1200°C, which is caused by the oroces~· s of rearrangement and 

ordering in spinel lattice. This phenomP111J11 ..=igrees with the re­

sults of Messbower analysis. 
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Results of the Examincition of Cliro.nium Concentrates cJnd 

Roasted Pellets Performed by the nethod of Nuclear Gamma-Resonance 

Spectroscopy• 

The examination of Albanian chromium concentrates performed 

by the method of nuclear gamma-resonance spectroscopy corroborated 

the fact that the type of the lattice formed by the main compo-

nent, chromium oxide, is determined rather by the content of iron, 

magnesium, etc., than b~1 the total content of chromium. The main 

minerals, which, as was established, con~titute AlJanian chromium 

ores and concentrates, are chromite and Lompounds related to the 

continuous isomorphic chromite-spine! series of solid solutions. 

Chromite contained in Albanian ores does not in fact differ 

in its crystal lochemical structure from chrcmi tes contained in 

Kazakh ores (Oonskoe deposit) and has the following crystallochem-

ical form•Jla: 

The total amount of solict so 111t1 ans in the series 

(Mg, Fe )Al20.,. - CMg,Fe)Cr 2 0.,. is about 71.1 
., .. ' the total amount of 

solid solutions of the type (Mg,Fe)Fe:D .. is about 3-10 % (the con-

tent of Fe=- in solid solutions does not deµend on the content of 

Fe~-). 

However, in contrast to Kazakh ores, as the study by the 

method of X-ray diffractometry shown, Albanian chromium con-

centrates contain, besides chromites, a smBll amount of ~-solid 

• The examination has 
Yu.B.Voitkovs~y, Professor 
Technical Sciences 

been per fonnnrJ 
of Moscow Min1nq 

with the aid 
Institute, Doctor 

of 
of 



solutions in Cr=O-=' of iron (Fe-='-), alumin1 1 1111 (AI--) as well as the 

hydro><ides and carbonates of iron, magnf:s1um. and various alu1ni-

nosilicates contained in barren rock. 

The method of Messbower spectroscopy h?s been applied for ex-

amining both the specimens of thP source Albanian ore 

(concentrate) and of roasted pellets of the check series and also 

of these corresponding the conditions of l~st 6 (see Table 4.3). 

The spectra are presented in Fig. 4.5, a-c. 

As the pre 1 iminary analysis of Mes~l>ow·r spectra of absorp-

tion for the examined specimens has shoi.-111. ct·ir-omi te itself does 

not undergo phase changes after high-temperature oxidizing roast-

ing. However, the degree of spinel lattice turning, its parameter, 

and the pl'"esence of defects change. Mor f:ov€ r , .::).. -sol id solution 

contained in the source concentrate comes iri to interaction with 

iron and magnesium o><ides appearing as a result of decomposition 

under heating of the hydrates and carbonates of the relevant met-

al s. The products of the specified in terac lion are assimilated by 

the lattice of ct1romite, which also corroborates the analysis of 

spectra presented. 

In Fig. 4.5, a-c, horizontal lines represent the amplitudes 

of the corresponding Lorentz lines marked for visual convenience 

as halves of their real values. Under the spectrum, the error of 

this decomposition is marked in units of standard deviation for 

every channel. 

According to the conclusions of tt1P. "'or I-,., we have inter-

preted the specified decomposition as follows: doublet IPcorre-

• M.Robbins, G.t<.Wertheim, R.C.Sherwood, IJ.11.F.:.Huchanan. Magnetic 
Properties and Position Distribution in thr· '-1yst1?m FeCr:04 -Fe-::04 
<Fe= ... Cr:::- .. Fe-='- .. 0 .. d. -·Phys. Chem. Solids, 1'•71, v.32, p.717-729. 
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spends to Fe-=-- ions being at octapos1 t ! '"'' nf chromespinel ide; 

doublet I I corresponds to Fe=- ions at t ,, '·· ·"'J.-'t.•s i tions of chrome­

spinel ide; singlet Cs) corresponds to ._.:., · · ".·11~, appearing a~ in­

terstitial atoms in octahedron positions <>t ''•'.? spinel structure. 

A similar picture of decomposition 1 • .• ,,. rlPublets and one sin­

glet) ~akes place in all the spectra of t_h<=- specimens been the 

subject of a certain thermal treating and t·ii.th various additions, 

which demonstrates a uniformity of the p• ')Cr::·~d inq processes and. 

on the other hand, corroborates the corr., .. _ t • •<?S of the model ac-

cepted and the policy of decoding. However·. t-t1e isomeric shift and 

quadrupole separ·ation of subspectra in thr- •kcomposed spectra di f­

fer considerably for the specimens after their high-temperature 

treating, as compared with a specimen of svurce concentrate, which 

indicates a considerable distortion of chrumespinelide lattice re­

sulting from intensive diffusion proces~es accompanying phase 

changes initiated by high temperature as well as from introducing 

pellets of fusible additions into the ctt.:Hr:JP. ltiis, probably, mci;· 

explain a considerable growth of pellets •tr~ngth in certain con­

ditions. 

4.4. Results of Laboratory Experiments on Making Hybrid Pelletized 

Sinter (t-IPS-product) out of Chrom1 lr:~ Concentrate 

As a result of the laboratory invf."; 1 iqatiuns conducted, an 

ability has been shown to make roastc·r.J P"l let.s of 5ufficient 

strength out of {llbanian chromium concentr-ol." lfihic.:h would be suit­

able both for tr·i:lnsportation (in the c,:i.-•· ··f "'··port:) .:ind L1tilizCl-· 
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tion as an addition to the charge of fer r • •., l l O)' furnaces (in com­

bination with lumpy ore). 

However, for making high-carbon fter r octu·omium, a lump of 

about 80 mm in si;::e is required. For makinq such type of raw mate­

rial, the following process is suggested. 

Cr-bearing green pellets ( 10-12 mm in size) were produced 

f rem the chromium ore ( Donskoe deposit) wtii ctl have a similar com­

position (mainly content of Cr=0 3 ) to the 11lbanian ores. 

The charge of green pellets consisted of Cr-ore fines, solid 

fuel (coke), and different fusible additions and did not include 

binders (such as bentonite etc.). There were b kinds of charges. 

Green balls were charged into a tubular furnace, where they 

passed through drying, indurating (1250-1300QC), and cooling 

zones. 

The kind of finished product (microstructure, phase 

composition, porosity, density, etc.) depended on the charge 

kind, specifically on the kind of fusible .HJd1tiuns. 

The finished product was represe.1tecJ by pellets having a 

granulometry of 10-12 mm or "sinter" (tlPS-product) having 

different granulometry, porosity, and density (Photo 4.4). 

Then products were put into melted (at slag 

with composition of high-carbon ferrochrcno.11.11n oroc.Juction. It was 

found that the dissolving rate of HPS-proc!t1c.L 

chromium ore lumps. 

It was clarified that the pr-opertiF·: of 

is comparable to 

the HPS-products 

from the viewpoint of Fe-Cr smelting pr •.iu>ss wen~ superior to 

those of pelletizing. 



¥he analysis of microstructures ( .. .. of ore-fuel pel-

lets and HPS-products have shown the. t the amount of metal 1 ic 

phase in the HPS-product is more thi'n that of pellets (Photo 

4. 5-4 .b). 

In the HPS-process, as the mineral phase formation depends on 

combustion heat resulting from the added solid fuel as well as the 

conventional sintering process, the comb1_1stion efficiency during 

"sintering" is quite important. When greer1 balls which are charged 

in a travelling grate change to products by passing through 

drying, indurating, and cooling zones, both material and heat 

transf~r phenomena occur simultaneously in the bed. Consequently, 

the study of these processes is quite necessary. 

Various rate parameters, phisico-chemical constants, and 

t~ermal functions determined during laboratory experiments will be 

used in the mathematical models, w~ich will be the main guide to 

operate the process on the commercial plant conditions. 
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Fig. 4.2. Dependence of the strength of roasted pellets on the 
amount of silicate binder 

l'\U\ 
wTll~l'"T"-r-T"""1~-r""T"T""l""""l""'T'""T"'"T"'"'l""""l"'""'..,...,..., .... ,~,P""""l"1~.=~ . ..,...., .... ,~, ..... r .... 1~1 

I- ,• I -f 
~ . ~ 

I • .· •· ! .'\.· .. ~ r- .•· .·· • ., 
(}.,~j ..................................... ·-" ........... ·:' .......... ..,.q ... .-· ... _,. . 

~ I .. ·· .· _,-· I . .. ... ..- .•. - .· ,,..-- : 
~;y: ;.... •••.••..........• •· ......•.••...• .. r-:1 . •.••.. .11•7 .••••....... ...,j -··: . ,_. ... ~ 2 • _,..•• ,•• . I 

I •••• •.·· ~ •• •• I ... •' .. · 3 _,,.. .. .. -· -f 

···~··~ ~ .. ·· .. ·· .. - ."/ .. · .... 
... w ::-·· .... '.' . . . ~-·· -· ·/·. ~--·--·-· .. --: .... " ' -'> ·:··-: 

t .. . .. . .. .. .. ' _.,..~- . . . . . . . . 2 . . . . ~ 
,..,, I.... .,,,.,.-- . . 'i 
l't!""""·············-.·~····················· ·.·'·· ..... .. ~ / ~ 

r1 I ./ .•· 
_.,,. ··· ··· I i 

r• r ... ..·· -c 
411 •••.••• ,, •• ,· .............................................. ...J 
·- ,• I •• · ..J 

... .. :' .· ... · ~ 
~ .~ .~ ~ 

•: i j .r I j t' I ; I I 

.. . .. 
Amount o! s111cate binder, s 

The graphs describe dependences of experimental data (dots) 
contained in Table 4.b. The data were processed by STATGRAPHICS 
program (Statistical Graphic System, version 2.0, Serial Number 
295792). 

Two extreme curves (1) determine the prediction limits with 
probability degree of 0.95. The next two curves (2) situated 
closer to the basic one determine the confidence limits with 
probability degree of 0.95. The basic line (3) is described by a 
regression equation y = a + bx. 
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Fig. 4.3. Dependenc• of the strength of 
roasted pellets on the avera~e size of pores 
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Fig. 4.4. Dependence of the strength of ra.sted 

pellets on the average size of interv~l• betNeen pores 
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4.5. P'lessbower absorption spectra for initial 

concentrate (a), check experiment Cb}, and test 6 Cc> 
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Fig. 4.5(cont) 
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Photo 4.1. rextur~ of the Albanian chromium ore :x 30C' 

• 

Photo 4.2. Microstructure of the Albanian chromium ore(x 
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5. SPECIFICATION OF THE COMPOSITION ANI> PHOPERTIES OF SOURCE 

MATERIALS AND THE PRODUCTS OF ALBANinN CHROMIUM CONCENTRATE 

AGGLOMERATION 

Source materials 

a) Concentrate. 

S4 

The grain size is less than 0.1 mm (~951.); chemical composi­

tion is (weight percent): 47 .0-50.0 Cr=O-:-., 2. 7-3.8 FeO, 7 .0-9.0 

SiO~, <20.0 MgO, <0.05 P, and <0.05 5. 

The Cr203/FeO ratio is 3.0-3.5, humidity is 6-101.. 

b) Bentonite. 

The grain size is less than 0.05 mm (~901.), swelling is not 

less than 12 times, humidity is 3-41.. 

c) Solid fuel. 

The kind of fuel is the know-how. 

d) Additions A, B, C, D. 

The kind of additions is the know-how. 

Agglomerated products 

a) Roasted pellets. 

The size of pellets is 10-14 mm, compressive strength is 150-

250 kg/pellet, chemica 1 composition is pr-actica 11 y determined by 

the composition of source concentrate. 

b) HPS-produc t. 

The size of lumps is 10-80 mm. 
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The strength of lumps makes it p0-,-::;ible to transport them 

from a roasting machine to a ferroal luy fL1rnace without visible 

crushing. 

Unlike pellets, HPS-product contains 5.0-30.0% (Fe,Cr>--t and 

up to 10.0% (Fe,Cr>~c~. 



b. PRELIMINl\RY DESIGN OF HE PHOCUi!i I llU Mt\KING PELLETS 

our UF ALBANIAN CHROl'11l..Jl'1 UINU NI HATES 

b. 1 • A Fl ow-Sheet for "ak ing Haas led I 'f' I J Pt s and 1-PS-produc t 

A technologJ.cal chain for making pe!!•.::t_:; J.ncludes the follow­

ing operations: 

1. Crushing of the source material-:.. ( ,_t•nce11 tr ates and addi­

tions) with further re-grinding down to "•' fr·r:ic.tion of less than 

0.1 mm. 

2. Proportioning and mixing of the ,_, ..•. 1:;1e components. 

3. Agglomeration (making 10-14mm d1--·mro·ter wet pellets) on c. 

plate granulator. screening. 

4. Charging of wet pellets on pall'~'-'' of a roasting machine 

of the conveyor type. The height of the l~:~r of pellets is 200-

300 mm, not ta!- ing into account the heJ.gti! •1 f lt1P Lot tom bed. 

5. Thermal treatment of pellets on ~ r0~sting machine: 

a) drying of pellets (150-400°C); 

b) heating (900-1200°C); 

c) roasting (1300-1350°C); 

d) recuperation (1100-1250°C), burnir1q of gas in a layer; 

e) cooling down to 100°C. 

6. Unloading of roasted pellets i.1iU1 further screening and 

the deposition of a part of pellets on th•· side and bottom beds. 

7. Transportation of pellets to a st.rid -room. 

The process of making HPS-product d1fter-s from that of ma"ing 

roasted pellets in an existence of solid lur_•l in tile charge intro­

duced by differ-unt methods, in the sL:•· '·" "''!t. pellets, in the 
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conditions of high-temperature hardenin;i. _.,,,, in the composition 

of gaseous phase. 

An equii-•me.it for making HPS-prodL" t 111..-•:-· be the same as for 

making pellets. For fast (operative) tr-.•r•silion from making one 

agglomerated product to another (from p•·l!r-~s tµ HPS-product), it 

is desirable to use a universal roastinq • •.1rl-.·P.yor· machine made by 

"Uralmash" (the know-how). 

,q Fluw-She>et far Roasting Cr-1· 1 .1.···1119 Ndter.ials 

l 

StoragE of charge m:c• '- "~-1-~_l-~ 

i 
I -

Bentoni. te 
I 

Concentrate Addi riow. ,_ 
Crushing 

I 
Grinding 

,L--_ _____..t~ ____ _t 
I 

Proper t1_U!J..l.!!9,. 

Proportioning 
I 

Grind}'~ 

i 
M

.1. 
l><1ng 

P 1 
I . . 

e let1z1ng 

I 
Pellets placement 

with fines riddling 

Hardeni!g roasting 
(or sintering) 

C 
. I 

rush1ng, screening 

I 
Bed 

Marketable pellets 
(or HPS-product) 

Stoc,-room 

breeze 
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6.2. The Structure of the Agglomeratinq Plant, a List of tlain 

Equipment and its Spec: 1 f i' •'I i '"' 

The proposed agglomerating plant st:u••lil Lontain the following 

components: 

- input device, 

automated material store-house, 

- a blocl<. for charge materials prep.•r .• ~ion ._ind drying bay, 

a block for proportioning and pell~tizing, 

- roasting block, 

pellets loading hopper, 

automated store-house for finished pellets, 

- a block for filtering and thickening of slime, 

administrative and servicing bin•~ ~·ii th automated ststem 

for production process control, 

compressor house, 

pump houses with fire-prevention r~servoir, 

- boiler room. 

Coke breeze crushing 

Bentonite crushing 

Main Production Eq1..1.i1-.. 11£,•nt 

Grinding comple:-: (the know-how, "Mekhan­
obr" > 

MTs Centrifugal 1111 l l, U = 5 t/h (for a 
0.074mm class) 

Hummer crusher 

- Grinding complex (.'IJ/:i 1.l>d7/0xl290mm holefull 
rollers) 

Bentonite pre-drying - BN 2.2-10-Nls-O~ t.lr•rm dri"?r 



Material grinding 

Charge materials 
mixing 

Charge pelletizing 

Wet pellets place-

- Grinding complex lb~ll mills, cement mills) 

Double-roller mixPrs (SM~-126) 

Disintegrator (V-l~·••.• rotor· mixer) 

Pelletizers - bowl (3:vomm diameter), drum 

ment - Loading device ("Ur ,1lmas1i·· roll placer) 

Hardening roasting 
of pellets and their 
cooling on a machine 
down to 100°C 36 m= ( 22 m:;::) roac:: t_ i11q mac.hine 

Sinter crushing - Ro 11 (jaw) crustlf?r 

Pellets screening GSB self-balance screen 

The problems of air aspiration and 1 if ting equipment have 

been solved for all the producing and sEu·vl.ce buildings and con-

structions. 

Flexible control of the process ~nd its parameters is 

achieved with the help of an automated control system with an out-

put of the in formation on the functioning of both separate uni ts 

and the plant on the whole onto a printer. 

Slimes are utilized by an equipment with thickeners and fil-

ters located in the block of thickening and filtering. 

Slimes are used in the process, clarified water is recycled. 

The plant is for the most part ecologically clean and waste-

less. 

The layout of the agglomerating plant with the planned at--

rangement of main blocks is presented in Fig. 6.1. 
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6.3. "aterial and Energy Balances for the Process of Albanian 

ChrOC11iu• Concentrate Aggloeerat:ion. Main lec:lvtical-And-Econatnic 

Indices 

It has been assumed in preparing a m~terial balance for pel-

lets production that the weight changes 111 t_he pr·ocess only due to 

moisture withdrawal and decomposition of hydrates (carbonates). 

Material balance (kg/tonne of finished product) 

Input kg/tonne 

Concentrate 1106 63.5 

Bentonite 5 0.3 

Water 100 5.7 

Bottom bed 473 27.l 

Side bed 59 3.4 
-------------------------
Total: 1743 100.0 

Output kg/tonne 

Pellets 1000 

Fines 
(spilling) 70 

Bed recovery 20 

Transition to 
gaseous phase 120 

Bottom bed 474 

Side l>ed 59 

57.4 

4.0 

1.2 

6.9 

27.2 

3.4 

Tota 1: 1743 100.0 

Energy balance ca 1 cu lation requires ex per im..-nta 1 data which 

can be obtained only as a result of studying the process of layer 

roasting. This was not feasible at this stage of investigations 

owing to the absence of the required L"'n•ount of concentrate C 1 

tonne). Therefore, 1 ilt.e in the process of iron-ore pellets roast-

ing, an approximate evaluation has been 1r1.:ltl~ of the e>epenses for. 

making l tonne.- of roasted Cr-bearing pel 11,t-:.. 



N.:iin technic.:il-and-economic indices uf pellets production 

(approximately·' 

1. Specific output of r".lasting mach111P, 
t/m=·h 

2. Specific rate per one tonne of roasted pellets: 

a) electric power, kW·h 

b) compressed air, m~ 

c) service water, m~ 

d) natural gas, m~ 

e) equivalent fuel, kg 

0.5 

150-180 
(for dry 
grinding) 

41) 

15-20 

90 

105 

CT 
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Fig. 6.1. Layout of the agglomeration plant: 

CMnOCHblA CKnAa M 
norPV30'4HOI 
YCTPOACTIO 

(S) 

l - block for charge materials preparation; 2 - dryinQ block; 3 - block of input devices; 
4 - pelletizing and roasting block; 5 - silo storehouse and loadinQ d•vice. 

~ 
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7. CUNCLUS IONS ANO RECUt1Ml Nim I IONS 

l. The study of the processes tor the agglomeration of 

chromium ores and concentrates used in the world practice, as well 

as an experience of working .in this field. rna" e it possible to 

conclude that it is inexpedient to briquette Albanian chromium 

ores and concentrates both from technological and economic points 

of view. A method of making pellets with ur ,.,ithout solid fuel ad­

dition and with further hardening roasting is the most promising. 

2. The examination of Albanian chromium ores and concentrates 

has shown that their compositions vary considerably depending on 

their deposit. Taking into consideration the requirements to 

charge materials in making ferroalloys, it is possible to conclude 

that not all of the Albanian ores and co11c1?11tr-dtes could be di­

rectly used for 1naking agglomerated raw material. 

3. In order to produce agglomerated raw material with optimal 

composition and prop?rties, it will be necessary to use a mixture 

of different ores (fines) and concentrate:. a~ well as additions 

of natural minerals occurring in Albania c.nd tr1e waste of allied 

production. As the preliminary study conLluctr-d in MISA has shown, 

if there is a l~ck or absence of bentonite clays, it is possible 

to use strippinq ruc:l-.s (a by-product in mJ.11ir111 cflr·omium ores) as a 

binder. 

However, during the feasibility study. it will be possible to 

select the conc.l1t:.ions allowing to obta111 .~1p1ln1neratec.l raw material 

without binder·s. 
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4. The results of ttie J.nvestigations conducted in MISA were 

sent for verifying an ability of making r·oasted pellets with suf­

ficiently high strength and hybrid pelleti=ed sinter (a HPS­

product) after a preliminary design of ~n agglomeration flow­

sheet, having Albanian chromium concenlr~l~ ~s a source material. 

5. To verify an ability of making roasted pellets and HPS­

product out of Albanian concentrates, a prell.minary study has been 

conducted in MISA concerning the distinctive features of the 

mineralogical ant.I phase compositions of Albaruan chromium ores and 

concentrates as well as their pelletizing ability. The behavior of 

chromium concentrate during the process of heating and high­

temperature roasting has been also studied. 

6. As a result of the tests conducted, an ability is verified 

to make pellets out of Albanian chromium ores and concentrates 

with the ~trengtt1 allowing their transportation. It is achieved by 

the introduction of certain additions into the charge (the know­

how). 

However, pellets are inferior to lumpy ore in their proper­

ties (in µar·tic.:Ldar, in their behavior in m'-!lled slag when used u1 

high-carbon ferrochromium making). Therefore, it is expedient to 

use pellets made by the process suggested in the charge of fer­

roal loy furnaces in combination with lumpy ores, or for export. 

The nomogr.:1pt1s presented in the report are possible to use 

for operating the quality of pellets. 

7. An abilit.y of making HPS-product 0ut uf chromium ores and 

concentrates l>y the new process has LH?<?ri shown in laboratory 

conditions (the I-now-how). 



Further cr11st.1ng of HPS-product \ollll ITI<'~£> it possible to 

obtain lumps of lhe desired sizes (10-8U mmJ, which is very im-

portant for ma~ ing high-carbon ferrochrom1um. The rate of dis-

solution of si11ters in melted slag corre::;pcnding in its com-

posi ti.on to th.at in high-carbon ferrochrumium melting is compar-

able with the r?te of dissolution of lum~y ore. It will permit to 

incredse the production of ferrochromium i11 Albania by means of 

involving the concentrate and fines of chromium ores into the 

process. 

fhe advantages of HPS-process, as compared with making pel-

lets, is a possible decrease of energy expenditures for the pro-

cess in the whole. This is achieved by the use of inexpensive 

kinds of solid fuel in the charge. 

8. A flow-sheet for the process is designed with a list of 

main equipment. 

It is planned to maintain two conveyor-type machines with 

baking area of ~2 (36) m= each for roasti11y pellets at the future 

plant. After the process design, it would be possible to make HPS-

product 011 ont? of these machines. The des1g11 of such universal 

machines has been prepared at "Ura 1 mek hanobr "-"Ura lmash" 

Scientific ProdLrctiun Amalgamation. The output of the plant with 

two roasting mec<chines in that case wi 11 t.1e equal to 100,rJOO-

300,000 tonnes per tear when working on two machines with baking 

area of 22m= eac.t1 and 260,000-500,000 tonnr-c.. ppr year when worl< ing 

on machines with ba~ing area of 36m=. 

An eqLripment for making pellets ancl llf"; ·f.Jroduct according to 

the prc.H:es~.es ~;1 •(jgP'""• t ~d wi 11 nut r·ea l Ii rJ 1 t f r:·r· from ltia t used at 

pellet.i;:inq pJ •. 111t_-;_; r1ui,.1adays. 
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9. ·11ir. flu~" st.Pet, roasting cond1l1u11s, c•nd a list of main 

equipment pr~ser1ted in this report are draft. Their clarifications 

will be available ufter the feasibility study, including large­

scale laboratory tests, and further design preparation. 

10. The unit and equipment proposed in the report have 

demonstrated high ecological cleanliness and reliability. The 

aspiration system ensures air cleanliness at the working places. 

The content of NO" and CO in waste gases is insignificant. Solid 

waste utili~atiun is also provided. Waler pullution does not take 

place. 


