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This way the process was developped is quite interes*inc¡ in that -i narabui  of 
facts were accepted and a number of other facts were neglected. It v.c had to 
do it again, as for many other techniques, it would be certainly quite different. 
So we rou»t look afresh to the rather special points of these processes. 

First, they wen intended to use very fi ie concentrates,  especially from 
taconites in the UNITED STATES or from finely ground magnetites ir Sweden : 
so, the idea of balling this fine material was quite natural ami proved to be 
a fine solution.   Now that we know the advantages of uniform small sized hnfk'ti 
in blast furnaces, this can be questioned and for relatively coarse concentrates 
or fines from screening or crushing of direct shipping oros, another wav of 
forming the "green agglomerate" such as briqueting or extruding may bo the 

j right answer, 
i 

Next,  it was coníidered essential to use large tonnage of roncentrate, the main 
effort was directed towards development of large machines such as strar.ds of 

| 2 000 t/day and shaft furnaces of 500 and, later, I 000 t/day. 
í 

I Third, these processes were mainly directed towards ucing :heHe fines concen- 
trates and the overall thermal efficiency of the furnace was not considered as 
essential.  It wai considered as fortunate to have such excellent results in 
shaft furnaces but the first industrial results in RESERVE MINING heat hnrdi.-- 

| ning strands, were not too impressive.  This i¡» quite clear in table I where v.o 
must also note the important consumption of solide fuel. 

More recent developments1 are not so directly connected with the uso of finely 
ground concentrates and two main reasons may explain them : 

• firsì, the interesting results obtained in blast furnaces (see later, IVth part 
of this pnper) lead to the possible application of the uelletining processes to 
different raw materials; 

second   comparisons with sintering lead io improve the process, especially 
in designing larger plants producing better pallets with a smaller heat 
consumption. 

.../ 
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This lead : 

- to design and operate strand of capacity up to 6 000 t/day, 

- to operate with magnetite concentrate with heat consumption helow 200 
thermies/t of pellets and,  sometimes, down to 60 fhermics, 

- to the development of the GRATE KILN process derivated from the 1.10POÎ. 
process largely used in the EUROPEAN cement industry, 

BALLING - 

This is the first step and is aimed to transform the fine ore or concentrate in 
n crreen a 3 g ionie rated product; in the real sense of pel leti/.ino;, this step is 
accomplished by rolling the wet materials to build successive layer» of the 
pellet by a kind of "snowball" process,  Water film between particles makes 
a bond and superficial forces are» indeed, the cause of the bonding. 

Without elaborating on the details of balling theory such as what was published 
by T1GERSCHIÔLD and ILK ONI (4), it is clear that the size analysis or, more 
precisely» the specific surface of the concentrate has to attain a certain level 
to be able to ballt. 

As a matter of fact» for hematite or magnetite concentrates, specific surfaces 
have to be in the order ©Í 2 00© cmZ/g &t n ore and this corresponds roughly 
to î 

10© % minas I0Ö Tyler mesh (14Î micron») 

?S * minus 31© Tylar mesh { 4$ microns). 

Coming to fine oras or concentrates with limonite, goethite, siderite, etc. 
it seems possible to have such large specific surface at coarser sises due» 
probably» to the porosity of such ores. As a mattar of fact» it is indeed   possi- 
ble to ball these ores with size analysis such as these indicated at figure 4. 

'-• 

I In commercial plants, balling is made in apparatus with a moving surf ice such 
j as drums, cones, discs, etc. Figure 5 gives an example of such plant; it must 
i be noted that, especially with balling drums, great care must       paid to sizing 
J of the greens pellets and to the recirculation of small "seeds" 

j / i • • • / 
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If concentration leads to coarse products or if we are starting from natural 
fine«, the si;:e of these raw materials has to be further reduced by a regrindinc» 
operation before balling. An example of such a practice can be found in Canada 
at the CARDI   LAKE plant where a peiletizing plant of 5,5 millions ton» per 
year capacity has just recently been started.  As we mentionned before, if the 
raw materials are relatively coarse» such a practice can be questioned and 
some thought should be given to other ways of creating green briquets« compact« 
or extruded products. 

FIRING OF PELLETS - 

The gruen pellets resulting from the balling step are to weak to be used in 
industrial plants without firing except in some special operations sucha» : 

- the tests performed by US BUREAU OF MINES with green pellets in an 
experimental blast furnace (5); 

- the commercial preheating in shaft furnaces of green pellets to feed an 
electric smelting furnace; this practice initiated by ELEKTROKEMISK (6) 
is facilitated by the use of a binder (cement),  which leads after a certain 
time of stockpiling to a hardening of the pellets. 

A» » rule, however» pellets are hardened by firing them in à special furnace; 
the "agglomeration" of the grain« is mainly effected by a recrystallisation of 
iron oxides and this point was studied by a number of authors such m» COOKE» 
BAN, STOWASSBR (?) ft), 

Many different furnaces could be used but, just now, three different processes 
only have been deve lopped, based : 

* on the shaft fumare, 

* on the continuous strand, 

. or on the LEPOL or GRATE KILN process. 

Firing of pellets m shaft furnaces : 

Historically, this was the first process developped at industrial seal« to fto» 
pellets and this is associated with the names of PÎCKA M>S MATHER and 
RETHLEHEV STEEL in the UNITED STATES 



1 * - 

A basic design of such furnaces is given at figure 6 (this rt>fery to the furnaces 
of ERIE      IXING).  All the furnaces of large capacity are rectangular and we 
shall give later (see table III)section» of furnaces in actual operation or being 
built; they vary from 7.8 to  '. 15 m2 for productions of SOO to 1  000 t/d;,y which 
means from 60 to 110 t/m2 x day. 

Smaller furnace» with circular or rectangular ¿©étions have been built in a 
number of countries, especially in Sweden. It must be noted that pilot plant 
furnaces have been built for production around 10 to 20 t/day and commercial 
furnaces from 40 t/day up to 1 000 t/day. 

Firing of pellets on a continuous strand î 

The initial research work has pro'-ablv been made at the research laboratory 
of ALUS CUAL?. ERS in the UNITED STATES. These initial teste have led to 
a number of different industrial machine» which have been qradually improved. 
Figur«    7 gives, as examples, the evolution in design of Arthur C.  McKKE 
machinen at RESERVE MINING and figure 8 give* design of ORAVO and LURGI 
Strands.  A« it will be seen later (table III),  from the first unita of 2 000 t/day, 
actual machines rançeg between 1 000 and 6 000 t/day. 

firla« of Pellet» in a LEPOL or GRATE KILN process : 

More recently, the use of this LEPOL process, pretty well developped in the 
EUROPEAN cement industry, was initiated to fine pellets. As it can be seen 
at figure 9* this is a combination of a rotary kiln with predrying and preheating 
on a continuous strand or "grate1'. 

POSSIBLE FUTURE DEVELOPMENTS 

We nave defined pe-UetUtaa; as a process where we first ball or form by any 
other method a "green agglomerate" which is to be heat hardened in a second 
step. In that way, It is opposed with hot forming such as it is now being deve- 
lopped in the hot briquetting processes. 

But, it is possible to improve the pelletising process or, at least, to modify it 
in changing the conditions of this thermal operation. It is usually an oxidising 

i operation where magnetite or any ferrous iron is converted almost totally in 
1 hematite.  It was, of course, thought that a reducing heat hardening could be 
1 achieved.  Advantages can listed : 
I 

.../ 
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loss in weight lea-îing to a saving in transportation costs specially if the 
pnllets "Save to be exported a long way, 

preparation of the nex¡ metallurgical operation wher:j thosa i» always a 
reduction ¿tep, either in blast furnace, in electric furnae« or in any so 
called "direct reduction" processes, 

possible lowering of heat hardening temperature as iron crystals can form 
and bond grains at lower temperatures than hematite. 

On the other hand,  it is probably not possible to use any kind of furnace» to 
produce prereduced pellets and this may lead to a lower production of a giver 
unit,  compared to production of normal pellets. i 

Anyhow, a number of researches have been started in this filed in USSR, 
Australia» etc. and we shall mention recent work performed in the UNITED 
STATES by the BUREAU OF 1,'INES at Minneapolis (9) or at the MICHIGAN 
COLLEGE OF MINING & TECHNOLOGY (10). 



2.    ACTUAL DEVELOPMENT OF THE PELLETT7TNO I'UOC.r.SSl  ^ 

For the time being, the development of the different petletizing processes can 
be described in considering, for each method : 

- the type of raw materials used i.e. : 

a) magnetite concentrates 

b) hematite concentrates 

c) gœthite» limonite or even siderite concentrate» or fin«« 

- the size of the plant »rid of the individuai unita. 

We shall use, as basis for the classification the type of raw materials and we 
thalt consider in each case, the procesne« which are used and the capaciti©» 
of the plant. 

&Î AOGLOMERATION Of MAÛHETITE CONCENTRATES - 

# 

The three processes we have already mentionned can be usad to produce peltate 
and we are giving in table II essential datai compared with similar data» for 
sintering (in continuous strand« or par«) or noduli King in #©tary kiln. Table III 
give» a list of commercial pallatizing plant* in operation or being built. From 
these datas it is clear that : 

• pelletizing can be applied and has actually been used for capacities ranging 
from a few t/day for pilot plant, to 40 t/day up to 1 000 t/day and per unit 
for commercial shaft furnaces and »p to S 000 or h 000 t/day for commercial 
strands or GRATE-KILN units, 

- thermal balance is always good with a consumption ranging down to 6 kg of 
fuel, i.e. around 60 thermies per ton of pellets. 
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b) AGGLOMERATION OF HEMATITES OR OF A MIXTURE OF MAGNETITE- 
ANO HEMATITE CONCENTRATES - 

A number of tests have been made to fire green pelleta of hematite in shaft 
furnaces, like in England, in Italy,  in Sweden, but this has not yet been made, 
up to now, on a large scale. It there are a number of difficulties in heat 
transfer of the necessary quantity of heat as well as a problem of recrystal- 
lisation of. hematite to bond the grains and produce strong pellets and these 
problems look more difficult to solve in a shaft furnace, at temperatures 
near the softening point of the constituents of the balls. 

So we are left with the two other processes we described previously i.e 
heat hardening on a straight grate or in a grate-kiln system. As we did for 
magnetite concentrates, table IV gives the more important datas about aggio- 
merataon of hematite concentrates and table V gives a list of commercial 
pelletizini! plants in operation or being built. 

There again we see a benefit in thermal consumption compared to classical 
sintering plants. 

I 

1 J 

c) AGGLOMERATION OF GOETHITE. LIMONÏTE. SIDERITE AND OTHER 
IRON MINERALS - 

Up to now, such iron minerals have not been used in commercial pel letizi• , 
plants but as a number of research are currently being conducted in this I 
field, possible developments can be anticipated. 

As we mentioned for pelleting of hematit«. the use of shaft furnaces for 
firmg green pellets of limonites or siderite« is still more difficult. A number 
of tests have been made in Germany (18) (19), France (20), England, etc. 
but they were conducted at a small scale and the results were not too conclu- 
sive. 

A number of tests have also been made in firing the pellets on a straight grate 
specially by companies building such machines but we want to emphasize the * 
USe °f *« LBPOL or GRATE K"'N Process for such an application. We want, 
especially, to mention research at pilot plant stage (15 to 30 t pellets/day) 
made m our Institute (IRSID) at the MaiZibres-les-MetZ Experimental Stati or, 
I hey have been conducted on concentrates or natural fines from Lorraine 
rmnette ores and lead to self fluxing pellets with iron contents between 40 an<? 
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\iore generally,  production of self fluxinq pellets or,  even,  basic pellets is 
being tried in many places using all types of furnaces.   V/c must er phasr/.e 
the point that this problem ia very different when we start of a very rieh and 
puro concentrate such as the f.'aimberg«t concentrate (see table VI) or a more 
siliceous concentrate such as taconite concentrates. 

Q 

To summarise» (able VII gives actual distribution of capacity according to : 

- the type of concentrate 

- the pelietiaing procese. 

^^P 

* 

i ../ 
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3.    ECONOMICAL DATAS ABOUT PELLETIZING PROCESSES 

It is now possible to have a large set ai technical and economic«! datas a bou 
pe   etizing of iron ore. due to the important number of commercial pianta 
built unce i 950 and, o specially, in the last «y« y#ars. 

All the datas we shall quote will be related to one metric ton of pellets 
Furthermore, when discussing investment costs, we shall refer to a pellet 
plant consisting of the balling section and the firing machine with necessary 
building and mechanical or electrical apparatus.  There will be no provision 
for stockpiling of raw materials or pellets except,  of course, a single Hin fo 
the feed and, eventually,  one or two bins for additions (bentonite, flux, etc 

Thermal consumption : 

We shall assume following values for magnetites : 

- shaft furnace 

• continuous stand 

- Grate-Kiln (LBFOL) 

and for hematites : 

1 25 th/t metric 

ITS      »« 

J?S      » 

- continuous strand 

- Grate Kiln (LEPOL) 
2S0 th/t metric 

2S0      »» 

All this heat can be supplied   by burner with gas or liquid fuels. 
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Electrical energy : 

We shall assume It is independent of the raw materials with the following 
value» : 

• 

- «haft furnace 30 kWh 

- continuous strand 25    " 

- Oral* Kllfi ÍLEPOL) 20   »» 

Fabrication cotta : 

They are essentially dependent of the capacity and we shall give values : 
•i » 

y    % - for different »baft fornácea at table VIIÎ 

- for different continuous strand» or grate Win (LKPOt) at table IX 

Investment costa t 

As they vary according to the typo of procesa and to the raw materials used« 
we shall give t • 

• values of table X for shaft furnaces using magnetite ores, 

- values of table XI for continuous heat hardening strands or grate kiln using 
magnetite ores and values of table XII for the MM processes using boma« 

j tlte ores» 

These values have be translated by curves on figure 10 ani this explains 
assumptions we made for establishing these datas i.e. : 

• increase of cost of the pettetising plant as a power 0,6 of the capacity when 
we are increasing the size of a given unit. 

- ine rea se of cost of the palletizing plant as a power 0, 95 of the capacity when 
we are adding identical units. 

j This way of calculation is certainly not exactly right but, in our opinion, can 
i be use«.4 as a guide for our comparisons. 
i 
t 
i 

.../ 
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tolti WW JOW 
(3 pwstta • perso»m»l d* 

jour) 

soil 
h/4 « boulettes 

0,3* 

0.« 

0,30 

0,12 

•«M 

f A 4» bouUU»:» 

» 

1,50 

1,90 
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INTRODUCTION 

V 

Tht poll« ti zing procciss ©f agglomération of iron ores or concentrate» is 
beginning to be used on * larje seal« as, although it was realty non-existent 
in 1953, it accounts for about 22 millions metric tons in 196- on a world 
total production of agglomerated material (sinter, pellets, nodules, briquets, 
etc.) around 2f0 millions tons, i.e.  8,S "• as it is indicated on figure 1 (1), 
As far as we can foresee, a large development can be anticipated as well 
for small mines or plants as for large units. 

We can define this process as a method of agglomeration in two step« : 

• fir et« telling of concentrates or fine ore to produce the green pellets, 

- then firing or heat hardening of the green pellets to get a strong product. 

This it rather similar te some older processes, as Grondai procese \2) and 
also to some new research directed towards firing of "compacts" or 
"briquets" which are not produced by the balling teehnlc. We shall refer 
briefly later to those possibilities in the first part of the paper which is 
devoted to the description of the different pel leti zing processes. Figure 2 
givo« a schematic description of pellet!zing compared to the Grondai process 
and to sintering and hot brlc-uetting. 

The second part ct the papar is devoted to the actual development of the 
palletising process and the third par| covers economica à considerations. 
The fourth part of the paper will summarise the use of pellets. 

The fifth and last part is a review of possible application of the pelletizing 
procéseos to underdeveloped areas. 

../ 

ssessSsasSa 
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TiBLM i     X I í     - ESTíMATIOM OCS COLT S DIS í'Ul;>3 D'Sf-Gi ÍCíüAÍIO"* E.*, rtü'JL£TT£S EiUIHS il CHAINES 
COf.UPttJCS UU FOURS ÖWTE-Kiv* {Hf«âTlît*îl - 

Cpa« i tí •* l'atelier 

I/J 

100 

ïOC 

1 COO 

? QGC 

5 OCC 

10 000 

25 000 

1 000 t/a» 

Sä 

173 

330 

700 

1 7¡» 

3 tOO 

8 730 

'.' 9t   -"§   : 'otoljcr 

fc. mettes 
F 

m 
•M 

•57 

43 

30 

;•« 

20,5 

Tot;! 

5,0 

13,0 

20,0 

30,0 

102,0 

Î5C.0 

O« l'atelier 

1 unité 

1 

1 

a 

3 

t. 
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The hinrjTpst part of the worH omcluction of pellet* i* used in blattt furnaces 
so we shall devote the largest part of this chaoter to this application but we 
shall also mention other interesting uses of pellets such as electrical smel- 
ting furnace & direct  reduction and steelrrakin'*. 

a,'' USE OF PEI,J.F:TS TN  HLAST FURNACES 

J   Ì 

Advantage« due to the use of pellets .have been described ¡n several cases and 
th# spectacular result« of ARMCO {1 0 are given, once more, at table XIII. 

It must, however, he said that «inters and, especially, closely sized sinters 
have ale« led to excellent result« (12) and, if the comparison between crude 
ore and pellet« must he mn*t> in «ome social circumstances, the nain com- 
pari son hau to he marl« between sinter and »ellets. 

In that connection» published results (13) lead to a considerable dispersion 
and if we want to Hat the best known results of Mast furnaces in the world 
(table XIV), it is difficult to reach an overall definite conclusion» So, we shall 
review in more details results of laboratory research as well as those from 
experimental blast furnace, 

Laboratory research ? 

Numeroua tests have been made in USSR,  USA or in Europe and it is impos- 
sible of course to liât all of them in our paper.   We want, anyhow, to comment 
a few recent datas such as those presented by POOS and UNDER (14) at the 
T HxembourR meeting of iQnZ or those obtained at TRSID by a snecial reduci- 
bility method «irmtlatin« the counter-current conditions prevailing in the ahaff 
of a blast furnace (15).   All these tests shew that pellets are,  generally, 
reduced pretty fast but the operatine; conditions play an important part in the 
phenomenon and,  ~, if mUM have been suspected quality of pellets and, 
especially, then si/.e can modify in a larjre part the conclusions.  In other 
words,   results of these tests have to be used with precaution 



îAiLtAu    xiii    -   imune* «s wrcmmoLS en* mur fountAu a*«*«uj i MODUTO** - iist*«uwi* - 

(i 

Out* d» l'tssai AOUT MAI NOVEMBRE JUIN 
195* I960 n--c 1961 

Lit da fusion : 

«in*rai kg/W 1 297 - - - 

pelleta h¡»/tf 325 t 487 1 451 1 540 

<tiv«*« {•) K9/tf 377 »74 233 21* 

Mttin« i»9/tf 538 219 ?10 220 

Indicas a» «trete : 

Débit 4t vMt «S/flA 2 350 3 100 2 300 3 *80 

Miao au «ili« dt eoli« tfl/tt 812 636 591 Mi- 

UiUw fc»/tf 562 369 »7 sse 
Pr«fcHSttoft acytmia »/j 1 330 2 3*0 2 130 2 «7Q 

"               «jMê»#» t/J 1 340 2 565 2 200 2 735 

p 

4 

(•}   «twit« torti*, f*iUt*t tu. 
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TABLEAU    xiv    -    .DIQUES U«€S as »CIUE'JœS PE«^,-*»«^ WOMUIAU^ OE HAUTS FOURNEAUX - 

ft 

e» 

 ,. 

Haut fournatu 
   "T 

Typ«   dt  CHarrii Volas* «a 
iaitttr 

ka/tf 

Mis« au 
• ilio dt 
eoi«« 
ka/tf 

Prodwetien da font* 
Jia*ètrt 
irtwaat 

.. ..si  

veìwMt 
utilt 

r , fil,,  tf/j tf/aois 
Tthtrtoavota («SS) 9.Î3 2 002 100 » tinttr sii £.¿§•35 ai »A. S §86 • 

Kr wot «og (URSS) 9,75 2 002 100 % aintar 
autofondant 

685 

400 

522 
• 71 «3 g.n 

625 

3 1Ö0 

2 802 

- 

Iretttft Mill  Uuttrallt 
*ort KaHtl« { 

8,8« 
90 % tintar 
10 I «intra i 

84 079 

gtfthlaHM Stati Co. 
•atalanta (tttta-U«it) 

8,76 • 65 1 rollata 
22,5 1 aintar 

2» 586 2 696 83 575 

Arate Stati Corp, 
Mddltioan U.U.) 

8,51 8a s politi* ito 652 2 669 SOSTO 

Voynaataan inaat and 
Tubt Ca. - Indiani 
Hirtar (CU.) 

8,33 0 M saliti« 326 «11 241? 75 H4 

fed dt i*s*ss 1,1« 1 ?» f0 I tintar 770 ?!?' fi« - 

6raat lafcaa Stati 
Corp. Wtroitl-CU.) 

e,N 100 1 pallata 10? 
128 

• 50(4 
9*i «at. 

,. - 

Ford Motor C« 
Detroit (CU.) •«M 

tv : rollata 
4© • tintar 

t «f - 

urna 
OMnfctrqut (»gm»! 

8,S0 ,» 
AS i tintar 
10 • ainarai 

3* 601 1 930 - 

TtUtrtttmté «Ml) 7,00 10» 100 % tintar 
«wtofendMt 

645 580 1 915 - 

Ontrturg (Allaitât) f,m 95 1 aintar «40 su 1 801 . 

NWMÜM 
taatfalantattto (Ali.) 7,30 80 1 tintar 361 568 1461 • 

At>gtjtfc.i (Jan«) 6,00 674 to© 1 tintar .     i« 5« 1 «4 - 

U r>«wldtntt 5,30 632 100 H tintar 1 080 609 
« 37 kg 
futl-oil 

610 - 

Roliort (Jaaa») 5,57 «5? 100 X tintar 439 548 599 - 

SlQfUX »,00 S67 90 X tintar 
10 X ainarai 

1 005 587 
• 32 kg 
fual-oil 

470 " 
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Experimental blast furnaces : , 

A number of testa have been made in such furnacti, such as those of Liège 
(Belgiquî) or Bruceton (USA) but, there again, it is difficult to draw a final 
conclusion as Mr MAHAN emphasised it at his communication in Luxembourg 
(lé). This communication gives however a number of interesting datas: 

• comparing agglomerates used at Bruceton, pellets appears definitely more 
reducible as It Is clear on table XV giving coke rate and gas analysis. This 
conclusion must, however, be weighed by the fact there are large variations 
in pellote or sinter qualities; it may be questioned, for example, if the 
•inters need at Bruceton could not have been improved... 

- in the same conditions, pellets lead to higher hot metal production (table XVI) 
but, as a matter of fact, this is just a consequence of the first conclusion ae 
the furnace was run at the same blast volume for each "pair" of test. 

Industrial practice la blast furnaces s 

Coming again to the resulte of table XIV, wo can sort out the *• -mclusions 
regarding coke rate and production. 

At regards cok« rato, figure 11 does not show any clear advantage for pelleta. 
At a possible explanation we want to say t 

* first, if some pellets are better than the average sinter, there it so much 
variation in quality that a definite conclusion it difficult to attain, 

- next, that pellets are, actually, not self fluxing at least for the time being 
to, if they have tome advantages in reducibility over sinters, they may 
lose there some of their benefit. 

As regarde hot metal production, figure 11 Utts tome of the main datas as a 
function of hearth,diameter. There again, a formal conclusion is difficult to 
express as it seems a number of other factors may play a non negligible role 
in the comparison. If, indeed, pellets constitutes an uniform burden, scree- 
ned sinters may also lead to excellent permeability of the stack column and 
to high production. 

.../ 
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1.   OESCRIPTION OF THE PELLETIZTNG PROCESSES D 
Ae we mention»«! before, the pelletiaing process a« » two-atep     ©roceae i. 
rather similar to the old Grondai procès« which wat largely ueed in Scandinava 
or luth« U.S. A. figure 2 Rive« the achematic principi« of thia process. 
Figure 3 illustrates the difference between these two processes and we nave 
mentionner! there the different way« of briqueting or pelleti»ing aa well »a the 
different furnace« used for firing pellet«. 

HISTORICAL - 

It omet be »aid» at that poiiit, that tho first research in p«il«tiling are pre% 
otJ a« experiment« were made In Sweden by ANDERS5EN in 1912 then in 
Germany around t?SZ. The most Important re«earche« are, however, more 
recent : they started at the end of the last war when a suitabla agglomeration 
process was badly needed for taconite concer trate« which were beginning to 
be produced : 

- fir§t on laboratory »cale : 

at the Wine Experiment Station in Minneapolis under the leadership of 
Prof, OAVtS 

at the research Station of a number of companies auch aa PÎCKANDS 
MATHER, BETHLEFEV STEEL, BRASSERT, etc. 

- then at a pilot plant stage «ince 1950 : 

at AURORA for the ERIE MINING group 

at LEBANON in a «emi comnercial plant 

and     at BABBITT for the RESERVE FINING group 

- to end with the penalizing plant of, shall we say, the first generation i.e. 
the commercial plants treating magnetite concentrates finely ground such as 
taconite concentrâtes. 

é 
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b/ USC OF PET LETS IN ELECTRIC I'lO^MAKINO FURNACE 

•? 

This use is not yet important but it must be said that a large pelletizing pi-- m 
is just being built at      O I RANA (Norway) to feed the large smelting furnace, 
of this plant. A number of advantages will certainly be evident when this plan' 
will be in operation, first, all the advantages already well known when usin: 
sinters in electric furnaces and, second, the possibility of using these pellet 
in the preheating and prereducing shafts which are currently being tested by 
ELEKTROKE , ISK (17). 

It must also be noted that at VILA COVA (Portugal), ELEKTROKE.. ISK ig 
testing the same kind of preheating shafts with groen pellets, hardened by 
addition of a small percentage of cement. 

c/ DEDUCTION BY OASES - 

This use is already pretty well developped as nearly all the Swedish WIBERG 
plants are fed with pellets; this means a tonnage of around 100 000 t of iron 
per year. 

Examples of such schemes may be found at ; 

- Hellefors (21) for a capacity of 20 000 t/year of metal 

- Persberg (22) from Udrleholms Ap> group, with a.capacity of 

40 000 t/year of metal 

- Bodas and Sandviken (23) for     20 000 t/year each 

- Hofors and Sode rf or a. 

Figure 1 3 gives the scheme of such a plant and it is clear that this could be 
duplicated for other gas reduction processes using shaft furnaces or fixed 
beds such as the HyL process. 

d/ REDUCTION BY SOLID CARBON IN ROTARY KILN - 

The use of pellets and, even, green pellets has been suggested or tested for 
all processes of reduction in rotary kilns such as KRUPP in Germany, 
FREEN AN in Canada,  etc.  but we want to mention, especially ; 

.../ 
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the research and development of the 'IN group in the United States where 
the use of pellets was tested in a number of campaigns. Figure 14 gives, 
from BREITSNSTEIN (24) a suggested industrial scheme where must be 
noted the use of a grate to dry and preheat the pellets; 

the pilot plant work of STELCO - LURGI for which we give at figure 15 the 
flow sheet published by SIBAKIN (2§) (26). 

e/ STEELMAKING - 

There a&%in, without elaborating in details, we want to mention a number of 
usee of pellets : 

- in basic or even acid open hearth, especially in Sweden, 

- in electric steelmaking furnaces, 

- and, especially, as a cooling agent in oxygen steelmaking processes.  A 
large part of the pellets produced at M almberget in Sweden or in Segre" in 
France are,  indeed, used in Basic Oxygen converters or Kaldo furnaces. 

t * 

'J f 

1 V 

.../ 
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5.    POSSIBLE APPLICATION OF PELL ETIZING PROCESSES TO 
LESSER DEVELOPPED AREAS. 

As it was previoufely expressed (2?), the main problems for those areas, ;is 
regarda iron and bteelmaking are î 

- either to mine national mineral resources to export tbcm in other part of 
the same country or abroad, 

- or to use them as a basis for a local iron and steel industry. 

In both programs, pelletialng can play an important part and this i* due, in 
our opinion, to following characteristics of this process : 

- possibility to use a variety of different raw materiali); 

- possibility to transport pellets on long distances; 

- possibility to use pellets in a large number of different metallurgical sche- 

mes. 

a/ Raw materials : 
i    i • « 

If a new deposit is supposed to be worked, the question of pelletizing hay to be 
raise!. As we said before, all depends of the mineralogical nature of the ore 
(or of the concentrates) and of the size analysis. In summarizing previous 
conclusions, it can be said that pelletiainß is : 

. quite classical operation for magnetite or hematite concentrate or fines, at 
least if they are ground at sufficient fineness; in many deposits, it is 
actually necessary to grind such ores very fine to concentrate the iron 
minerals so pelletiaing is a logical step following beneficiation of the crude 

ore; 

- being tested on a number of different ores such as limonite, «oethites, 

siderite s, etc. 
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FIGURE I   : Développement comparé dei divers procédée 
d'agglomération des minerei» de fer. 
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The*« plants are ; 

- »haft tarnte«* unit* belonging to the BETHLEHEM STEEL end PIC KAN OS 
MATHER group such a« : 

- LEBANON (P^nnr/lvanU. USA) and 

MARTORA (Ontario. Canada) in 1953 

in 195» * HILTON (Quebec. Canada) 

»nd, especially the larga plant of s 

- HOYT LAKE (ERIE MININO) in 1 «§S 

with a capacity of 9 million« metric ton« per y««r. 

• h«at hardening «trend« starting  in 19S6 at » 

* SAOLE MILLS for CLEVELAND CLIFFS (Mchigan, U.S.A.) 
which wa« the only on« at that tit»« treating he ma tit« concentróte« 
and built by  the Mc DOW ELL group 

* SUDBURY for International Nickel (Ontario, Canada) built by LUROI 

- and» especially, SILVER BAY for RESERVE MINING (Minnesota, 
USA) built by Arthur G. McKEE with an initial capacity of 6 multen» 
ton«, increased recently to 10 million« ton«* 

i 

il 





--, i   - 

In other words,  most of the world iron ore deposits will certainly in the n^lr 

future,  be amenable to pellcti*ing.   It must, however, be recalled that sin:, - 
ring is ¿¡till more flexible and can be used for any kind of fine ores without 
taking too much care of the trinerà logical nature or of the size analysis o! 
raw materials.  Furthermore,  sinterin« is beine; gradually improved and 
adjusted to fit more and mort- the different local .situation.   Thi3 is especially 
true in the wav of an improvement oí thermal balance of the process and of 
sinter quality. On the other hand,  pellets show a definite advantages in 
ability to be transported without too much degradation. 

b/ Transportation of pellets : 

This is, indeed, a quite serious advantage of pellets which are* for the time 
being, the artifical agglomerated producta sier to handle and to haul over 
long distances. 

This point is quite clear by looking again to table III and IV and seeing the 
location of the pelleti/.ing plant*. All these plants are, indeed,  at mine site 
or in the immediate vicinity; so, the pellets have to be transported over lonq 
distances par railway (Eastern part of the USA) or by boat, especially over 
the Lakes, or,  more often, by a combination of both transportation system 
with accompanying handling problems. 

c/ Possible iron and steel development schemes based on pellet* : 

i 
• " s 

If, by usiner a suitable ir^n ore deposit,  pellet production looks possible, a 
large number of different schemes can be envisionned, at lea et from a 
technical point of view as : 

- pellets can be easily transported and handled; so they may constitute a 
basis for export! 

- pellets can be used in a larp.e number of ironmaking or eteelmaking pro- 
cesses; so they may be the basi? for a conventional plant (i.e. using blast 
furnaces); or for a plant using largely electrical energy (i.e.  electric 
smelting furnaces), or coal (i.e.  rotary kilns) or even gas (WIBERG or 
HyL process,  for example). 
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s. A 

i-   i;»;, •    in iron ore deposit mav bo orx«: 
r.v conation of al! th,;;   P*«»'»^«   ¡ ,• "    'nt ,«„£, , ' ' 
with builcliiR a cnacintrjtH-n and .. pUK-U-m., P 

...        ,     i „ri>-i"rt-: for V~c country, . a lor.,1 plant aimed at proviamo  *lt". pr.» « .ct 

- in the same time, on export market 

_,     r »i    •• , „.-.»«    the expansion of the local ph:\i, 
Oependinc of the «rowth of the., ,w s.  ^   ; lanU b    addiri. ncu 
«.specially, a gradual development »f ti e ,* .Kti..int, P 

units, can be enviuionned. 

,     i      ;„* rtf ..iow    it ivnet he >aid that,   if ti.c largeat [-Uní 
rrom an economical £S&SL^' * ^       c0st8 („ lt was s,,,n 
77^»f rour««e    the most orofitnble and »eau i» !«v.v*  v 
aro,  «f cnu|i*'      ,„    .    '    ma., v„ tl„itc efficient in special location», 

SÄ* «."£   Ä "on ¡n.'^^.... T.M. XV„ indies a, a» 
especially oy «w^ .,.ln_,,ratior efWtR when capacity increase, frum 

"l«W »ma" nelcti.in, pi.* 1» «rttlnly a .1««niU po-ibilty. A jo* 
proof of thU fact is „We. by th, tar- number oí comParHti».ly .„„II „U.. 
lining plants built in Scandinavia,  Italy, 1- rai.ee. etc. 

t 

Bv aatherin« all these conclusion., it U clear that, in an araa being ^ 
pad? every plan to use a *ivcn iron ore ckpo.it must take in account the ^ 

sibility of pallatising the ore. 
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CONCLUSIONS 

1 

ta IM« papar, ao 
ta many placo« 

• «amber 

, cl coarto» to simplify and to givo »eternati« conclusion» 
Many fatato coold, a« a contequeoce, bo qaootloaod but, 

of geaoral coacrosioa» emerge from our »arvey : 

• ftrot, tao palletiatag proceta oro la coacta«* evolution; «fior being restric- 
ted to tao UH of magaotite, taoa, of hematite concentrarne, they begin to be 
«•#4 to different raar materials «Beh ai compi«« oro* with goothite, limo. 
allo» fido rito, «te. 

•i tao tiatorlag proctate» ara «tali moro flexible aad aro oaoior to 
«parat« with dlffaraat aad vtriaato raw motoria Is; furthermore, analyais 
of adatti operetta* datât dot* aot por ni it to too » dofinito advantage in tao 
aaa of pollott VS  oiator te Maat furnaces; 

• tao mate advaatageo of pellett aro that, la tao tavtag of fabrication cost«, 
especially it rogardt reals, and, aleo, in tao oseoitont roo i »Unco to 
handling aaa transportation of tao pollots» 

• to, pillato ara I» tao tomo tima, a good agglomerato to bo aood locally 
or to bo exportad. 

Tal« potai raaot bo otrooted «boa a number of Iron or« dopoeit» aro, curreaV 
ly. oolag «tadied to bo aood te tao tataro. V tao oro can bo pollotisod, »«eh 
ao eoacoatratoi from beaeficiatioa of ftaa grained magaotitoo or hematite», 
a pelletiaiag plaat may bo a good atarttag potei a» weil for export a» for 
promoting a local troa and »tool industry, conventional or bated on a new 
direct redaction proco»t. 
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